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NNLO methods )

Schemes with local cancellation of singularities

Sector decomposition [Binoth, Heinrich '00 '04]
[Anastasio, Melnikov, Petriello '04]

Antenna subtraction [Gehrmann-de Ridder, Gehrmann, Glover '05]
STRIPPER (FKS+sec.dec.) [Czakon '10,"I 1]
Colourful subtraction [Somogyi, Trocsanyi, Del Duca '05, '07]

Schemes that start from F+1ljet process at NLO

pT subtraction [Catani, Grazzini '07]
N-jettiness subtraction [Tackmann et al."'I5], [Boughezal, Liu, Petriello "1 5]

(Born projection method) [Cacciari, Dreyer, Karlberg, Salam, Zanderighi '| 5]
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NNLO methods )

Schemes with local cancellation of singularities

Sector decomposition [Binoth, Heinrich '00 '04]
[Anastasio, Melnikov, Petriello '04]

Antenna subtraction [Gehrmann-de Ridder, Gehrmann, Glover '05]
STRIPPER (FKS+sec.dec.) [Czakon '10,"I 1]
Colourful subtraction [Somogyi, Trocsanyi, Del Duca '05, '07]

Schemes that start from F+1ljet process at NLO

pT subtraction [Catani, Grazzini '07]
N-jettiness subtraction [Tackmann et al."'I5], [Boughezal, Liu, Petriello "1 5]

(Born projection method) [Cacciari, Dreyer, Karlberg, Salam, Zanderighi '| 5]

«$« Two-loop amplitudes required for each process!
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pr subtraction master formula: y

doONNLO = [d

[Catani, Grazzini '07]

F+1jet
ONLO

— 2NNLO ® dO’LO} + HnNLo ® dor,o

M. Wiesemann  (CERN)
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pr subtraction master formula: y

AdONNLO = [dcf ﬁfcl)jet — 2NNLO ® do Lo} + HxnnNLo ® doLo

[Catani, Grazzini '07]

subtraction terms known from resummation:

do et Z9T<<Q> [do_(res)} — Z(pT/Q) 2 dor.o

do.(res)
dp2T dy dM d)

: b
Resummation formula: ~ /dbEJo(bPT)S(I% A, B) Hi e, T fNQJ

[Collins, Soper, Sterman '85], [Bozzi, Catani, de Florian, Grazzini '06]
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pr subtraction master formula: y

dONNLO = [d 5&1)‘]61: 2NNLO @ do Lo} + HNNLO @ do1,o

[Catani, Grazzini '07]

subtraction terms known from resummation:

do et pr<LQ [d (res)}f — Z(pT/Q) 2 dor.o

NNLO accuracy consequence of unitarity:

do.(res)
dp? — d In(Q?b*/b3) — In(Q*b? /bz + 1
) do.(res) b
Resummation formula: |25 0m00 / db = Jo(b p1) S(b, A, B) Hny,n iy fNQJ

[Collins, Soper, Sterman '85], [Bozzi, Catani, de Florian, Grazzini '06]
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MWV 'l 7]

stability of r..« dependence
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[Grazzini, Kallweit, Rathlevy, MW] (+Sargsyan)

Amplitudes

OpPeENLOOPS Dedicated 2-loop codes
(CoLuier, CutTOols, ...) | (VVampr, GINAC, TDHPL, . .. )

MUNICH
MU N 1 CH

gt subtraction <= ¢r resummation

MATRIX
MUNICH Automates qT Subtraction
and Resummation to Integrate X-sections.




process status comment

pp—=Z/YV*(—08/VV) ,/ validated analytically + DYNNLO
PP — W/(— £2V) v to be validated (with CKM)
pp—H / validated analytically

PP YY v 4 validated with 2yNNLO
Dp—ZY— 00y V4 [Grazzini, Kallweit, Rathlev '1 5]
pp—ZYy—VVY / NEW

Dp— WY — OVY V4 Grazzini, Kallweit, Rathlev 'I 5]

pp—ZZ / ‘Cascioli et al.'[4]

PDp—ZZ— 0000 V4 Grazzini, Kallweit, Rathlev ' 5]

Ppp—ZZ— 000" / ‘Grazzini, Kallweit, Rathlev ' 5]
pp—ZZ-L20V'V* v 4 NEW

pp—ZZ/WW- 20w NEW

pp—>WW / ‘Gehrmann et al.'14]

pp— WW - Qv 0'V' / 'Grazzini, Kallweit, Pozzorini, Rathlev, MWV '| 6]
Pp—=WZ / 'Grazzini, Kallweit, Rathlev, MWV '[ 6]
Dp—=WZ—0veP v 4 NEW HERE: fully differential
PPp—WZ—-L0'v'2/0 v 4 NEW HERE: fully differential

pp—2HH 1 not in first public release



[Mars:~/Uni/0Own_Codes/munich/MATRIX] ./matrixl

enter the MATRIX

After unpacking the MATRIX
package start the code with:

S$ ./matrix




[[Mars:~/Uni/0wn_Codes/munich/MATRIX] ./matrix

enter the MATRIX -

\\ /7
| \ /7
| /7 \\
Il /7 \\

\/_ |
\/ |
Il
Il

After unpacking the MATRIX
. Version: 1.0.0.beta4d Feb 2017
PaCI(age Start the COde Wlth: Munich -- the MUlti-chaNnel Integrator at swiss (CH) precision --

Automates qT-subtraction and Resummation to Integrate X-sections
SS ./matrix

WhiCh brings you to MATRIX Grazzini (grazzini@physik.uzh.

Kallweit (kallweit@Quni-mainz.de)
Rathlev (rathlev@physik.uzh.ch)

COmPiIatiOn She”, t)’Pe Wiesemann (mariusw@physik.uzh.

MATRIX is based on a number of different computations and tools

_—_>> l - t from various people and groups. Please acknowledge their efforts
_e—— ls by citing the list of references which is created with every run.

<<MATRIX-READ>> Type process_id to be compiled and created. Type "list" to show
available processes. Try pressing TAB for auto-completion. Type

to list all available process IDs. * |, 1ot or Mauit® to'stop.
Select a process typing its ID, eg:

p on-shell Higgs production
p on-shell Z production
p on-shell W+ production
p WA+ on-shell W- production
p eN- e+ Z production with decay
P v_eM- v_et+ Z production with decay
p et v_e”- W+ production with decay
p ef- v_e+ W- production with decay
p H H on-shell double Higgs production
p gamma gamma gamma gamma production
ppeexad3 p eM- e+ gamma Z gamma production with decay
ppnenexa®3 p v_e”- v_e”+ gamma Z gamma production with decay
ppexnea®3 p e+ v_e”- gamma W+ gamma production with decay
p
p
p
p
p
p
p
p
p
p
p
p
e

| ===>> ppeeexex04

ppnenex02
ppexne®2
ppenex02
pphh22
ppaa®2

ppenexa®3 eN- v_e”+ gamma W- gamma production with decay
ppzz02 ZZ on-shell ZZ production
ppwxw02 WA+ WA- on-shell WW production
ppeeexex04 en- eN- et el ZZ production with decay
ppemexmx04 e- mut- e+ mut+ ZZ production with decay
ppeexnmnmx04 eN- e v_mut- v_mut+ ZZ production with decay
ppeexnenex04 enh- et v_e”- v_elMt ZZ/WW production with decay
ppemxnmnex04 e- mut+ v_mut- v_e+ WW production with decay
ppemexnmx04 e- mut- e+ v_mut+ W-Z production with decay
ppeexmxnm@4 eN- e+ mu™M+ v_mu”t- W+Z production with decay
ppeeexnex04 >> enh- eM- e v_eMt W-Z production with decay
ppeexexne®4 >> en- et et v_e”- W+Z production with decay

[ >> ppeee




-->
-->
-->
-->
-->
-->
-->
-->
-->
-->
-->

pph21 >> . p
ppzO1 >> p
ppwol >> p
ppwx01 >> p
ppeex02 >> p
ppnenex02 >> p
ppexne®2 >> p
ppenex02 >> o]
pphh22 >> p
ppaa®2 >> p
ppeexa®3 >> p
ppnenexa®3 >> p
ppexnea®3 >> p
p
p
p
p
p
p
p
p
p
p
p
p
e

enter the MATRIX

After unpacking the MATRIX
package start the code with:

$$

which brings you to MATRIX
compilation shell, type

|===>> list

-->
-->
-->
-->
-->
-->
-->
-->
-->
-->

ppenexa®d3 >>
ppzz02 >>
ppwxwo2 >>
ppeeexex04 >>
ppemexmx04 >>
ppeexnmnmx04 >>
ppeexnenex04 >>
ppemxnmnex04 >>
ppemexnmx04 >>
ppeexmxnm@4 >>
ppeeexnex04 >> -=>
ppeexexne®4 >> -->
[ >> ppeeexex04

./matrix

p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
p
X

to list all available process IDs.
Select a process typing its ID, eg:

| ===>> ppeeexex04

for pp—=2ZZ—40, this will start the
automatic compilation including:

H

YA

WA -

WA+

en- eM+

v_eM- v_et+

eMt v_e”n-

eN- v_eMt

H H

gamma gamma

e”- e+ gamma

v_e”™- v_e”+ gamma
e+ v_e”- gamma

eN- v_e”+ gamma

ZZ

WA+ WA-

enh- ef- eMt et

eM- mut- e+ mut+
eM- e v_mut- v_mu”+
efh- et v_e”- v_elMt
e- mut+ v_mut- v_e M+
e- mut- e+ v_mut+
ef- e mut+ v_mu”-
eN- eN- et v_eMMt
eN- e et v_e”-

on-shell Higgs production
on-shell Z production
on-shell W+ production
on-shell W- production

Z production with decay

Z production with decay
W+ production with decay
W- production with decay

on-shell double Higgs production

gamma gamma production

Z gamma production with decay
Z gamma production with decay
W+ gamma production with decay
W- gamma production with decay
on-shell ZZ production
on-shell WW production

ZZ production with decay

ZZ production with decay

ZZ production with decay

ZZ/WW production with decay

WW production with decay

W-Z production with decay

W+Z production with decay

W-Z production with decay

W+Z production with decay

% dowload/compilation of OpenLoops

<<MATRIX-INFO>> Running on Mac. Trying to make relative paths of linked

OpenLoops dylibs absolute. Please consider using
export DYLD_LIBRARY_PATH=DYLD_LIBRARY_PATH:/Users/Mars/Uni/Own_Codes/munich/MATRIX/src-ext
<<MATRIX-INFO>> in your terminal and possibly adding it to your

.bashrc/.bash_profile, in case you still experience linking

errors when running the code.

compilation of Cln and Ginac

MATRIX compilation

<<MATRIX-INFO>> Process folder successfully created.
<<MATRIX-INFO>> Process generation finished, to go to the run directory type:
cd /Users/Mars/Uni/Own_Codes/munich/MATRIX/run/ppeeexex04_MATRIX
<<MATRIX-INFO>> and start run by typing:
./bin/run_process
[Mars:~/Uni/0Own_Codes/munich/MATRIX] I

download OpenlLoops amplitudes

creation of MATRIX process run folder




mann:~/munich-http/MATRIX/run/ppeeexex 04 _MATRIX] ./bin/ run_processli

enter the MATRIX B

After changing into the run
directory we start the run script

$ ./bin/run_process




[[wiesemann:~/munich-http/MATRIX/run/ppeeexex®4_MATRIX] ./bin/run_process

enter the MATRIX

After changing into the run
directory we start the run script

_ W\ /7
| \ 7/
| /7 \\
I /7 \\

\/_ |
\/ |
I
I

|
|
I
Version: 1.0.0.beta4d Feb 2017

Munich -- the MUlti-chaNnel Integrator at swiss (CH) precision --
Automates qT-subtraction and Resummation to Integrate X-sections

$ ./bin/run_process

First, choose a name for the run:

. Grazzini (grazzini@physik.uzh.
Kallweit (kallweit@Quni-mainz.de)
Rathlev (rathlev@physik.uzh.ch)

I ===>> run my first ZZ Wiesemann (mariusw@physik.uzh.

MATRIX is based on a number of different computations and tools
from various people and groups. Please acknowledge their efforts
by citing the list of references which is created with every run.

<<MATRIX-READ>> Type name of folder for this run (has to start with "run_").
"ENTER" to create and use "run_01". Press TAB or type "list" to
show existing runs. Type "exit" or "quit" to stop. Any other
folder will be created.
>> run_my_first_ZZI




[[wiesemann:~/munich-http/MATRIX/run/ppeeexex®4_MATRIX] ./bin/run_process

enter the MATRIX -

\\ /7
| \ /7
| /7 \\
Il /7 \\

\/_ |
\/ |
Il
Il

After changing into the run
directory we start the run script

Version: 1.0.0.beta4d Feb 2017

Munich -- the MUlti-chaNnel Integrator at swiss (CH) precision --
Automates qT-subtraction and Resummation to Integrate X-sections

$ ./bin/run_process

First, choose a hame for the run: ' crarains (erazainionhysik.uzh.

Kallweit (kallweit@Quni-mainz.de)
Rathlev (rathlev@physik.uzh.ch)

I ===>> run my first ZZ Wiesemann (mariusw@physik.uzh.

MATRIX is based on a number of different computations and tools
from various people and groups. Please acknowledge their efforts
by citing the list of references which is created with every run.

The MATRIX run shell has many
. . . . Iype nﬁme ofr:glge;nfozszhjiu;un Shasr:gsstartotith ;rgn?;); .
OPtIOnS, eg, mOdlf)’ InPUt ﬁleS typlng: SEEIEinzgif\g rEns. gype "exitieir.":uit“ IngtoprKny ;th:r ‘

folder will be created.
run_my_first_ZZ

===>> parameter Type one of the following commands: ("TAB" for auto-completion)

===>> mOdel help menu.

help <command> help message for specific <command>.
list i available commands again.
exit the code.

===>> distribution the code.

parameter Modify "parameter.dat" input file in editor.
model Modify "model.dat" input file in editor.
distribution Modify "distribution.dat" input file in editor.

cross section computation in standard mode.
only grid setup phase.
run_pre only extrapolation (grid must be already done).
run_pre_and_main after grid setup (grid must be already done).
run_main only main run (other runs must be already done).
run_results only result combination.
run_gnuplot only gnuplotting the results.
setup_run the run folder, but not start running.
delete_run Remove run folder (including input/log/result).
Create <run_folder>.tar (including input/log/result).
>> parameter
==>> model
>> distributionl




After changing into the
directory we start the r

$ ./bin/run proce:

First, choose a name fot
|===>> run my fir:
The MATRIX run shell

options, eg, modify inpu

| ===>> parameter

# MATRIX input para

[[wiesemann:~/munich-http/MATRIX/run/ppeeexex04_MATRIX] ./bin/run_process

MATRIX: A fully-differential NNLO(+NNLL) process librar

meter #

SRR

process_class

E

coll_choice
loop_induced
switch_distribution
max_time_per_job =

scale_fact
scale_ren
dynamic_scale

factor_central_scal
scale_variation =
variation_factor =

jet_algorithm =
jet_R_definition =
jet_R = 0.4

# Frixione isolatio
frixione_isolation

arame

pp-ememepep+X
4000.
1
1
=1
12

process id
Energy per Beam
(1) PP collider; (2) PP-bar collider
switch to turn on (1) and off (0) loop-induced contributions
switch to turn on (1) and off (0) distributions
very rough time(hours) one main run job shall take (default: 24h)
unreliable when < 1lh, use as tuning parameter for degree of parallelization
note: becomes ineffective when job number > max_nr_parallel_jobs
which is set in MATRIX configuration file

H o HH R

91.1876
91.1876
0

factorization scale

renormalization scale

dynamic ren./fac. scale

0: fixed scale above

1: xxx scale

2: xxx scale

relative factor for central scale (important for dynamic scales)

switch for muR/muF uncertainties (1) 7-point (default); (2) 9-point variation
symmetric variation factor; usually a factor of 2 up and down (default)

=1

o H K HEH R

e
1
2

\

I
/

# switch for LO cross section (1) on;
NNPDF30_1lo_as_©0118 # LO LHAPDF set
0 # member of LO PDF set
l.e-2 # accuracy of LO cross section

(0) off

0 # switch for NLO cross section (1) on;
NNPDF30_nlo_as_0118 # NLO LHAPDF set

0 # member of NLO PDF set

l.e-2 # accuracy of NLO cross section

(0) off

0 # switch for NNLO cross section (1) on;
NNPDF30_nnlo_as_0118 # NNLO LHAPDF set

0 # member of NNLO PDF set

l.e-2 # accuracy of NNLO cross section

(0) off

(1) cambA (2) kT (30 anti-kT
(0) pseudorap (1) rapidity
DeltaR

n
=1 switch for Frixione isolation (0) off;

(1) with frixione_epsilon, used by ATLAS;
(2) with frixione fixed ET max, used by CMS

ter.dat (Fundamental Fld) 10:26AM 5.98

N o e e e —— — — — — — — —— —— —— —— — —— —— — —




[[wiesemann:~/munich-http/MATRIX/run/ppeeexex®4_MATRIX] ./bin/run_process

enter the MATRIX -

\\ /7
| \ /7
| /7 \\
Il /7 \\

\/_ |
\/ |
Il
Il

After changing into the run
directory we start the run script

Version: 1.0.0.beta4d Feb 2017

Munich -- the MUlti-chaNnel Integrator at swiss (CH) precision --
Automates qT-subtraction and Resummation to Integrate X-sections

$ ./bin/run_process

First, choose a hame for the run: ' crarains (erazainionhysik.uzh.

Kallweit (kallweit@Quni-mainz.de)
Rathlev (rathlev@physik.uzh.ch)

I ===>> run my first ZZ Wiesemann (mariusw@physik.uzh.

MATRIX is based on a number of different computations and tools
from various people and groups. Please acknowledge their efforts
by citing the list of references which is created with every run.

The MATRIX run shell has many
. . . . Iype nﬁme ofr:glge;nfozszhjiu;un Shasr:gsstartotith ;rgn?;); .
OPtIOnS, eg, mOdlf)’ InPUt ﬁleS typlng: SEEIEinzgif\g rEns. gype "exitieir.":uit“ IngtoprKny ;th:r ‘

folder will be created.
run_my_first_ZZ

===>> parameter Type one of the following commands: ("TAB" for auto-completion)

===>> mOdel help menu.

help <command> help message for specific <command>.
list i available commands again.
exit the code.

===>> distribution the code.

parameter Modify "parameter.dat" input file in editor.

v model Modify "model.dat" input file in editor.
NOW We Can Start the run, type distribution Modify "distribution.dat" input file in editor.

| ===>> run

cross section computation in standard mode.
only grid setup phase.
run_pre only extrapolation (grid must be already done).
run_pre_and_main after grid setup (grid must be already done).
run_main only main run (other runs must be already done).
run_results only result combination.
run_gnuplot only gnuplotting the results.
setup_run the run folder, but not start running.
delete_run Remove run folder (including input/log/result).
Create <run_folder>.tar (including input/log/result).
parameter
model
distribution
runfi




enter the MATRIX

After changing into the run
directory we start the run script

$ ./bin/run_process

First, choose a name for the run:

[l
<<MATRIX-INF0>>

<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>

run

New Run folder created: /home/wiesemann/munich-
http/MATRIX/run/ppeeexex@4_ _MATRIX/run_my_first_ZZ.

Using LHAPDF version 5.9.1...
Now it's time for running...
Running in multicore mode...
Starting grid setup (warmup)...

| 2017-03-04 09:52:10 | Queued:
| 2017-03-04 ©09:52:15 | Queued:
| 2017-03-04 09:54:50 | Queued:
| 2017-03-04 09:54:55 | Queued:
| 2017-03-04 09:54:55 | Queued:
Starting runs to extrapolate run
| 2017-03-04 09:54:55 | Queued:
| 2017-03-04 09:55:00 | Queued:
| 2017-03-04 09:55:15 | Queued:
| 2017-03-04 09:55:15 | Queued:
A1l runs successfully finished.
Extrapolating runtimes...

| 2017-03-04 ©09:55:15 | Queued:
| 2017-03-04 09:55:20 | Queued:
| 2017-03-04 09:55:20 | Queued:
| 2017-03-04 09:55:20 | Queued:

OCOOONTOOOON

|
|
|
|
)
m
|
|
|
|

Running:
Running:
Running:
Running:
Running:
es from ac
Running:
Running:
Running:
Running:

Running:
Running:
Running:
Running:

OONONOOFLNG®

u

Finished:
Finished:
Finished:
Finished:
Finished:

acy (pre run)...

Finished: ©
Finished: ©
Finished: 2
Finished: 2

Finished:
Finished:
Finished:
Finished:

===>> run_my_flrs t_ZZ Preliminary (inaccurate) result for:
pp--> eN- eN- M+ N+ @ 8 TeV LHC

The MATRIX run shell has many

Now we can start the run, type

The code goes through all run
phases and collects the results at the
very end.With default inputs it runs

options, eg, modify input files typing:

===>> parameter

===>> model

===>> distribution

===>> run

LO with 1% accuracy.

<MATRIX-RESULT> PDF: NNPDF30_lo_as_0118

<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>

<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>

Total rate (possibly within cuts):
LO: 3.558 fb +/- 0.018 fb (m

uR, muF unc.:
This result is very inaccurate and only a rough estimate!
Wait until the main run finishes to get the final result!

Starting cross section computation (main run)...

| 2017-03-04 09:55:20 | Queued: 2 |
| 2017-03-04 09:55:25 | Queued: 0O |
| 2017-03-04 09:55:40 | Queued: 0 |
| 2017-03-04 09:55:40 | Queued: 0 |
All runs successfully finished.
Collecting and combining results...
| 2017-03-04 09:55:40 | Queued: 2

| 2017-03-04 09:55:45 | Queued: ©

| 2017-03-04 09:55:45 | Queued: ©

| 2017-03-04 09:55:45 | Queued: ©
Plotting results with gnuplot...
Trying to plot: pT_lepl_lep2__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: pT_epl__LO

Running gnuplot...

Plot successfully generated.

Trying to plot: pT_lepl__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: m_lepl_lep2__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: dR_eml_epl__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: pT_lep2__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: pT_eml_ LO

Running:
Running:
Running:
Running:

Running:
Running:
Running:
Running:

+2.9% -3.9%)

Finished:
Finished:
Finished:
Finished:

Finished:
Finished:
Finished:
Finished:




enter the MATRIX

After changing into the run

directory we start the run script

$ ./bin/run_process

First, choose a name for the run:

The MATRIX run shell has many
options, eg, modify input files typing:

===>> run my first ZZ

===>> parameter
===>> model

===>> distribution

Now we can start the run, type

===>> run

The code goes through all run

phases and collects the results at the
very end.With default inputs it runs

LO with 1% accuracy.

<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>

<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>

<MATRIX-RESULT>

<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>

<MATRIX-RESULT>
<MATRIX-RESULT>

Preliminary (inaccurate) result for:
pp-->etr etr- e e @ 8 TeV LHC

PDF: NNPDF30_lo_as_0118

Total rate (possibly within cuts):

LO: 3.558 fb +/- 0.018 fb (muR, muF unc.: +2.9% -3.9%)
This result is very inaccurate and only a rough estimate!

Wait until the main run finishes to get the final result!

Starting cross section computation (main run)...

| 2017-03-04 09:55:20 | Queued: 2 | Running: | Finished:
| 2017-03-04 09:55:25 | Queued: © | Running: | Finished:
| 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
| 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
All runs successfully finished.
Collecting and combining results...
| 2017-03-04 09:55:40 | Queued: 2

| 2017-03-04 09:55:45 | Queued: ©

| 2017-03-04 09:55:45 | Queued: ©

| 2017-03-04 09:55:45 | Queued: ©
Plotting results with gnuplot...
Trying to plot: pT_lepl_lep2__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: pT_epl__LO

Running gnuplot...

Plot successfully generated.

Trying to plot: pT_lepl__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: m_lepl_lep2__
Running gnuplot...

Plot successfully generated.

Trying to plot: dR_eml_epl_ LO
Running gnuplot...

Plot successfully generated.

Trying to plot: pT_lep2__LO
Running gnuplot...

Plot successfully generated.

Trying to plot: pT_eml__LO

Running gnuplot...

Plot successfully generated.

Trying to plot: n_jets__LO

Running gnuplot...

Plot successfully generated.

Finished:
Finished:
Finished:
Finished:

Running:
Running:
Running:
Running:

Final result for:
pp -->et et et et @ 8 TeV LHC

PDF: NNPDF30_lo_as_0118
Total rate (possibly within cuts):

LO: 3.554 fb +/- 0.013 fb (muR, muF unc.: +2.9% -3.9%)

All results (including the distributions) can be found in:

/home/wiesemann/munich-http/MATRIX/run/ipeeexexe4_MATRIX/result/run_my_fir

[wiesemann:~/munich-http/MATRIX/run/ppeeexex04_MATRIX]




Status of the code Y

Closed beta started almost one year ago!

PROCESSES: (slightly) restricted number of processes from previous slide
ACCURACY: NNLO QCD

WHO: provided to experimentalists from ATLAS and CMS
CURRENTLY SUPPORTED:
local and cluster running: LSF (Ixplus), SLURM, condor; Torque/PBS, SGE

easy to add new schedulers
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Status of the code Y

Closed beta started almost one year ago!

PROCESSES: (slightly) restricted number of processes from previous slide
ACCURACY: NNLO QCD

WHO: provided to experimentalists from ATLAS and CMS
CURRENTLY SUPPORTED:
local and cluster running: LSF (Ixplus), SLURM, condor; Torque/PBS, SGE
easy to add new schedulers
Public release in preparation!
Full list of processes

TIME FRAME: within next couple of months
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Status of the code Y

Closed beta started almost one year ago!

PROCESSES: (slightly) restricted number of processes from previous slide
ACCURACY: NNLO QCD

WHO: provided to experimentalists from ATLAS and CMS
CURRENTLY SUPPORTED:
local and cluster running: LSF (Ixplus), SLURM, condor; Torque/PBS, SGE
easy to add new schedulers
Public release in preparation!
Full list of processes
TIME FRAME: within next couple of months
Plans beyond first release:
enable NNLO+NNLL pt resummation
NLO QCD corrections for loop-induced gg contributions
add NLO EWV effects to certain processes

add resummation for further observables

M. Wiesemann  (CERN) VV production at NNLO March 23 2017 22



Status of pt resummation Y

PT = transverse momentum of Born-level system, eg: pt4¢ in pp—=ZZ—4¢

Why resummation? Observable divergent for pt—0 at fixed order!

pT subtraction <= pt resummation: all NNLO directly also at NNLL

dONNLO = {dO ﬁfcl)jet — XNNLO ® do LO} + HNNLO ® doro

M. Wiesemann  (CERN) VYV production at NNLO March 23 2017 23



Status of pt resummation Y

PT = transverse momentum of Born-level system, eg: pt4¢ in pp—=ZZ—4¢

Why resummation? Observable divergent for pt—0 at fixed order!

pT subtraction <= pt resummation: all NNLO directly also at NNLL

AONNLO = [da'gﬁcl)jet — 2ZNNLO ® dO’LO} +M
+NNLL

d O.(res)
dp2 dy dM d<

b

da.(res)
dn? — d
/ PT p2. dy di d6) 7t ®doro
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Status of pt resummation Y

PT = transverse momentum of Born-level system, eg: pt4¢ in pp—=ZZ—4¢

Why resummation? Observable divergent for pt—0 at fixed order!
pT subtraction <= pt resummation: all NNLO directly also at NNLL

currently restricted to a charge-neutral  [Grazzini, Kallweit, Rathlev, MW '[ 5]

. 0.8 ! ! ! T ' ' .
final-state system (ie, no W and WZ) | | | ~ NNLL+NNLO ——
0.7 :-:-_--:%-::-::5 """"" """"""" """"""" """"" NLL+NLO -----_. .
will not be included in first public ~_ o6[ [ o 2y @8Tev NLO
N 05| - ; g NNLO ..
version (due to lack of testing time) E
o :
. : [s z
first application to on-shell WW/ZZ <
o |
© :
Q B . . . . . ]
g 1 %""";" """""""" i;.ﬁn..g """ & """" a """""" ________%________‘
& o05F ............ ...... "','",'.'T'.”E.',',‘.'f'.'"','...; ........... SRR ,,,,, _

p1(ZZ) [fb]
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Physics results
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Inclusive diboson results: NNLO vs data

27 (inclusive)
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[Cascioli, Gehrmann, Grazzini,
Kallweit, Maierhofer, von Manteuffel,
Pozzorini, Rathlev, Tancredi,Weihs '14]
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[Gehrmann, Grazzini, Kallweit, Maierhofer, von
Manteuffel, Pozzorini, Rathleyv, Tancredi '14]

[Grazzini, Kallweit, Pozzorini, Rathlev, MW 'l 6]
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o[pb]

0t

B @8
TR\
\"
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b fb fb  fb fb  fb

+20
+10 |

‘\.__,//
o[pb] W=*Z (inclusive)
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[Grazzini, Kallweit, Rathlev, MWV ' 6]
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Inclusive diboson results: NNLO vs data

[ATLAS 'l 6

El : 1 1 I 1 1 1 I 1 I 1 1 1 I 1 1 1 1 1 1 :
[} ~—  ATLAS
o) — ® ATLAS (s=13 TeV (m,_ 66-116 GeV), 3.2 fb™ d
— A ATLAS (s=8TeV (m_ _ 66-116 GeV), 20.3 fb” .
40— m ATLAS (s=7TeV (m,  66-116 GeV), 4.6 fb” —
— V DO {s=1.96 TeV (m,_ 60-120 GeV), 8.6 fb™ N
30F # CDF ys=1.96 TeV (corr. to m,  60-120 GeV), 7.1 fb™ —
— - !
- - [CMS '16
20 __ __ 60 I I | I I I | I I I | I I
— == MATRIX NNLO, pp—>WZ (mZ—>II 66-116 GeV) : CMS :
: NNPDF3.0, uR=uF=(mw+mz)/2 : L ATLAS |
10— L. == MCFM NLO, pp—WZ (mz—>|| 66-116 GeV) ___ L MATRIX NNLO .
- _e” CT14nlo, p_=p _=m,,/2 - 50— T NNPDF3.0, fixed u = = iz (m +m,) —
: ‘ y' g = = MCFM NLO, pﬁ—)WZ (mz_>" 60-120 GeV) : : . MCFM NLO 1 //:
0 _l— ‘l I 1 1 1 I 1 1 1 I L 1 1 ?T1?nlol, l/l’Rl=Ll(F=mVl\,2/2l L I L 1 l_ B NNPDF30’ flxed MF: MR: E (mZ+ mW) / N
1 1 I 1 I I I 1 1 1 I 1 1 1 I I ) 1 I 1 ) 1 I 1 I 1 - — =
Q 14 i, = 40F -
z — _ B 7]
o 1-2E - _— i 1
= - - i _
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4]
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\'s (TeV)
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Differential diboson results: NNLO vs data

[Grazzini, Kallweit, Rathlev '| 5]

N/

. ~ - NLO | ~ - NLO ~ - NLO
pp =Ly | pp — by o ; pp — by o ;
=T NNLO T NNLO oV NNLO
s=7TeV 1 1 arias|] s =17 Te §I I ATLAS B = 1€ § I ATLAS
]Vjet ZO ]Vjet 20 E Z ]Vjet =0 E
Py i 3
& _ ] — i 5 ]
4 £ 100} 4
] 5
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102 | r e o
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Differential diboson results:WWWV at NNLy

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates

fiducial rates (WW cuts)

o [fb] 8 TeV 13 TeV 8 TeV 13 TeV
LO | 425.41(4) H28% 778.99 (8) F5-7% 147.23(2) T3-4% 233.04(2) *o05
NLO | 623.47(6) F35% 1205.11(12) F3:9% 153.07(2) 9% 236.19(2) 125%

267.31(4) t13%

1286.81(13) fg%ﬁ 1+1.9%
261.5(2) _1:2%)

1370.9(11) 2% 164.1

—2.3%

NLO'+gg | 655.83(8) T55%

NNLO | 690.4(5) *22% 1) F13%

—0.8%

(2)
166.41(3) 1 5
(1)

'NLO'+gg = NLO+gg BOTH with NNLO PDFs |

== acceptances (WW cuts)

A — O.cuts / O.inclusive 8 TeV 13TeV
LO 0.34608(7)j§;§§ 0.29915(6)izj§§
NLO 0.24552(5)1;735 0-19599(4)%1%2
NLO'+gg 0.25374(7)3;2;3 0.20773(5)11);%2
1.3% .270
NNLO 0.2378(4) *13% 0.1907(3) “ogn




Differential diboson results:WWWV at NNLy

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates fiducial rates (WW cuts)
o [fb] 8 TeV 13 TeV 8 TeV 13 TeV
LO | 42541(4) 257 D+azs 77899 (8) +g;;§; ) +55% 147:23(2) j%jg% 233.04(2) fZE%
NLO 623.47(6) 13:5% ) %1205.11(12)+§;§%§) 8%153.07(2)16% 236.19(2) 250
NLO'+gg | 655.83(8) T55% ’ o 1286.81(13) F35% ' o 166.41(3) jgg 267.31(4) j%;zg
NNLO | 690.4(5) t§;§§)+5-34 1370.9(11) j§;§§g)+6-5£>164.1 (1) £55% 261.5(2) 9%

'NLO'+gg = NLO+gg BOTH with NNLO PDFs |

== acceptances (WW cuts)

A — O.cuts / O.inclusive 8 TeV 13TeV
LO 0.34608(7)f§:§§ 0.29915(6)izj§§
NLO 0.24552(5)1;735 0-19599(4)%;%2
NLO'+gg 0.25374(7)3;2;3 0.20773(5)21));%2
1.3% .270
NNLO 0.2378(4) *13% 0.1907(3) “ogn




Differential diboson results:WWWV at NNLy

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates

fiducial rates (WW cuts)

o [fb] 8 TeV 13 TeV 8 TeV 13 TeV
8% % %o o
LO | 425.41(4) %g% ),,477 778.99 (8) +§ % )+55% 147.23(2 )E; gg +49 233.04(2) ig EZ
NLO | 623.47(6) "5 oo )+5 - 1205.11(12) 7375 )+6 . 153.07(2) 1 sor ) 87 236 19(2) 7550
NLO'+gg | 655.83(8) T35 1286.81(13) F35% 166.41(3) ? gg % 267. 31(4 ? zg
NNLO | 690.4(5) 2% *5.3% 1370.9(11) 257 D+6.5% 164.1 (1) 7} 87(’)-'-44 261.5(2) T19%

+1.3%
D+13%
: )-2.2%

' NLO'+gg = NLO+gg BOTH with NNLO PDFs

== acceptances (WW cuts)

A — O.cuts / O.inclusive 8 TeV 13TeV
LO O.34608(7)f8:§§ 0-29915(6)fzj§§
4.4% <270
NLO 024552(5)?4.7;5 0-19599(4)%%}
NLO'+gg 0.25374(7)3;2;3 0.20773(5)21));%2
1.3% .270
NNLO 0.2378(4) *13% 0.1907(3) “ogn




Differential diboson results:WWWV at NNLy

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates fiducial rates (WW cuts)

o [fb] 8 TeV 13 TeV 8 TeV 13 TeV

LO | 425.41(4) 728% ),,477 778.99 (8) f2T% )+55% 147.23(2) 7398 Y igq0,  233.04(2) T8N L) 39
NLO | 623.47(6) +3:5% )+ ., 1205.11(12) +§$§)+ 4o, 193:07(2) % ) vg 79, 236:19(2 ) t28% ) ‘139
NLO'+gg | 655.83(8) T55% 1286.81(13) F35% °166.41(3) T13% % 267 31(4) 1257 ’
NNLO | 690.4(5) t2'2%)+5-3/> 1370.9(11) j26%)+6-5%164.1 (1)

+1.3% _ <) +1.9% o
1.9% 2.3% ! 08‘7) 4% 261.5(2 12‘7) 2.2%

' NLO'+gg = NLO+gg BOTH with NNLO PDFs |

== acceptances (WW cuts)

A = O.cuts/O.inclusive 8 TeV 13 TeV
LO 0.34608(7) "0 259) +29%  0.29915(6)5% Y 1349
NLO 0.24552(5) 1% () +3.3% 0.19599(4) 1% veo,
NLO'+gg 0.25374(7) T35 " 0.20773(5) 2% ’
NNLO 0.2378(4) jgg;g) -6.3%  0.1907(3) tl2% )-8-2%




Differential diboson results:WWWV at NNLy

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive WW cuts
do/dmyw [fo/GeV] K7€V V e(inclusive) @LHC 8 TeV do/dm, [fb/GeV] K€V Y o(WW-cuts) @LHC 8 TeV
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WLZ tully differential at NNLO y

[Grazzini, Kallweit, MW]

d Z/ A d 7/~ it

\‘\t\/\/\< . ” .
d A

W+ Vl, W—I_ I/l/

U /'/‘\/\/\.< [+ U a3

no loop-induced gg component at NNLO
Large QCD corrections due to radiation zero [Baur, Han, Ohnemus '94]
— Large (~10%) NINLO corrections found for inclusive cross section
[Grazzini, Kallweit Rathlev, MW '| 6]
access to trilinear gauge coupling = relevance for BSM physics

Diboson processes at NNLO completed!

M. Wiesemann  (CERN) VV production at NNLO March 23 2017 31



WLZ tully differential at NNLO y

[Grazzini, Kallweit, MW]
various channels: SM measurements

different-flavor (DF) channels
pp |,l+vlJ e'e’, pp—e Ve M (identical for massless fermions)
PP — MV, e'e, pp—eVeU U (identical for massless fermions)
same-flavor (SF) channels
pp— e Veee, pp— |,I+VlJ W'Y (identical for massless fermions)
PP~ eVeee, pp— Vv, WU (identical for massless fermions)
fiducial phase space (ATLAS/CMS) for pp = I'vell (LI' € {e,u})

Z/W reconstruction: trivial for DF; CMS: Z=lepton pair closest to mz, ATLAS: "resonant shape" for SF
[arXiv:1603.02151]

for all possible combinations of pairs W=(I',vi) and Z=(I*,) compute
2 2
1 1
P = X

2 2
2 _ (..,PDG . -PDG . PDG 2 _ (..,PDG . -PDG . PDG
Mpr oy (mZ ) + 1 FZ m., m(f,,vfl) (mW ) + 1 FW my,

and identify W and Z bosons by combination with highest estimator value P

M. Wiesemann  (CERN) VV production at NNLO March 23 2017 | 32



WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]
various channels: SM measurements

different-flavor (DF) channels
pp |,l+vu e'e’, pp—e Ve M (identical for massless fermions)
PP — MV, e'e, pp—eVeU U (identical for massless fermions)
same-flavor (SF) channels
pp— e Veee, pp— U+Vu W'Y (identical for massless fermions)
PP~ eVeee, pp— Vv, WU (identical for massless fermions)
fiducial phase space (ATLAS/CMS) for pp = I'vell (LI' € {e,u})

Z/W reconstruction: trivial for DF; CMS: Z=lepton pair closest to mz, ATLAS: "resonant shape" for SF

w'Z 7z )

definition of the fiducial volume for pp — ¢Zv, 050, 0,0y, 0, € {e, p}

ARgzgw > 0.3

ATLAS 8/13 TeV pre, > 15GeV,  pp, > 20GeV, 1, < 2.5,
(Cf. Ref. [5,6]) |mgzgz — mz‘ < 10 Ge\/, mrw > 30 Ge\/, ARgzgz > (.2,
CMS 13 TeV pre,, > 20GeV,  prg,, >10GeV,  pr,, > 20GeV,
(Cf. Ref. [7]) 60 GeV< my, e, < 120 GeV, my+,- > 4GeV

My < 2.9,

M. Wiesemann  (CERN) VV production at NNLO

March 23 2017

32



WL fully differential at NNLO [Grazzini, Kaliweit, Mw]

SM measurements

+ o4 o—
e 18.32(0) 237
et
+ ot o
ATLAS (8 TEV): e:j 18.37(0)+23%
e

N 355321

32.76(1) " 1o

+5.4% 35.64(2)+1'8%

32.85(1) " 1o

36.3 £+ 5.4%(stat) & 2.6%(syst) £ 2.2% (lumi

stat) + 4.5%

38.1 £ 6.2% syst

)
35.7 £+ 5.3%(stat) £ 3.7%(syst
)
—1.9%
)

( (
( (
( (
( (

33.3 £ 4.7%(stat) = 2.5%(syst

) 2.3%
combined 18.35(0)F 555

32.81(1)

A% 35.59(2)T18% 351 4 2.7%(stat) £ 2.4%(syst) £ 2.2%(lumi)

—-1.9%

prete 5.4%
. 28.83(0) 5%
+ ot -

ATLAS (13 TeV): " o
it

57.69(1)

57.84(1)

55.1 + 11.1%(stat) = 5.1%(syst) = 2.4% (lumi)
75.2 +9.5%(stat) 4+ 5.3%(syst) £ 2.3%(lumi)
50.5 £ 14.2%(stat) + 10.6%(syst) £ 2.4%(lumi)
63.6 + 8.9%(stat) + 4.1%(syst) £ 2.3%(lumi)

A% 63.93(3) 123

i 64.00(3) 757

4.3%

. 5.4%
combined 28.86(0) ),

57.76(1)

A% 64.01(3)725%  63.2 £ 5.2%(stat) £ 4.1%(syst) £ 2.4%(lumi)

—2.1%

channel OL0 [fb] ONLO [fb] ONNLO [fb] oCMS [fb]
combined 148.4(0)*34%  301.4(1)*35% 334.3(2)723% 258 4+ 8.1%(stat) T2 (syst) & 3.1(lumi)

CMS (I3 TeV):




WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]

10
1.4
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SM measurements

WZ@LHC 8 TeV (ATLAS data)
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produced with MATRIX
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]
SM measurements

do/bin [fb] WZ@LHC 8 TeV (ATLAS data) 10 do/bin [fb] WZ@LHC 8 TeV (ATLAS data)

1 IR e SRR i LY e - — : ; ; b e .
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WLZ tully differential at NNLO y

[Grazzini, Kallweit, MW]
SM measurements

8 TeV (ATLAS data)

dao/bin [fb]
| | | l | |

W-Z@LHC 8 TeV (ATLAS data) do/bin [fo] W+Z@LHC
I I I I I I I I I I I I 1 1 1 | 1 1 1 1 1 1 | 1 1 1

produced with MATRIX

| I I I - | | | N I I I |
produced with MATRIX
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]

dﬁw+z/d Ow-z

SM measurements

WZ@LHC 8 TeV (ATLAS data

L1111 N~

7 - I I I | I I I I I I | I I I | I I I | I I I | I
6 L T LO -
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produced with MATRIX

ratio to NLO

T

20 40 60

pmiss
T

80

100

dcw+z/dcw-z

WZ@LHC 8 TeV (ATLAS data)

--------- LO

..................................................................

produced with MATRIX

ratio to NLO

0

100 200 300 400 500

mT,WZ

600

3



WLZ tully differential at NNLO y

[Grazzini, Kallweit, MW]

New-physics searches
inspired by [CMS-PAS-SUS-16-024]

definition of the selection cuts for pp — (Zv, 030, £, 4,0y € {e,u}

w 'z “Z )

CMS 13 TeV | pre, > 25(20) GeV if 64 = e(u), pre, > 25GeV if {1 = pand l>5 #
(cf. Ref. [63]) Pries, > 15(10) GeV if £y = e(p), me < 2.5, 1, <24,

‘mgg — m2’ > 15GeV, my+p- > 12GeV

Category I: no additional cut
Category II: priss > 200 GeV

Category 1I1I: mrw > 120 GeV
Category 1V: My, e, > 105 GeV

M. Wiesemann  (CERN) VV production at NNLO March 23 2017 38



New-physics searches = 7™ ol owoll mwoino mwofmo B

Category I

Category I: no additional cut (e 494500 0412(2)T%  105.9(1)F2%  90.3% 12.6%

Category II: p?iss < 200 GeV Crerem 48.97(0)TEER 93.13(2)TA8% 104.7(1)23% 90.2% 12.4%

Cat - 190 GV C=0re= 32.04(0)723%  63.68(3)"5 %% 71.89(4)*33%  98.7% 12.9%

ategor ; m > e

gory w et 31740157 63.002)F30%  71.13(4) 2% 98.5% 12.9%

Category 1V: my,e, > 105 GeV combined 162.2(0)*20%  313.9(1)*49%  353.7(3)722%  93.5% 12.7%
Category 11

CHere 0.3482(0)135%  1456(0) T 179910 318% 23.6%

(O 0.3486(0)728%  1.452(0)*1% 1.780(1)F51% 316% 23.2%

C=er0 0.1644(0)725%  0.5546(1)3%%  0.6631(4)153%  237% 19.6%

(=06~ 0.1645(0)725%  0.5535(1)112%  0.6600(3)742¢  237% 19.2%

combined 1.026(0)"37%¢  4.015(1)T13%  4.911(3)719%  292% 22.3%
Category III

(e 0.3642(0) 5% 0.5909(1) 55%  0.6373(16) 11 5% 62.3% 7.86%

cretes o 1.090(0)3 7 1.904(0)T5 5 2.071(2)T100 A% 8.79%

Ot 0.2055(0) 0% 0.3447(1)F55% 0.3731(9)115%  67.8% 8.22%

0T 0.6463(1) 2% 1.136(0)T55L  1.232(1)1ITE 75.8% 8.42%

combined  2.306(0)"2%%  3.976(1)T3T%  4.313(6)T18%  72.4% 8.50%
Category IV

Ot 250000)50%  4.209(1) 5 4.682(2) 158 72.0% 8.92%

(R 2.063(0)T85% 3.740(1) T30k 4.160(2)5 0% 81.3% 11.2%

(=0 1.603(0) % 2.805(1)153%  3.058(1) gk 75.0% 9.01%

emetes 1373(0)555% 2.591(1) TR 2.904(1) 5 88.7% 12.1%

combined 7.540(1)"33%  13.44(0)*54r  14.80(1) 1% 78.2% 10.2%




New-physics searches

no additional cut
pRss > 200 GeV

mrw > 120 GeV
my, e, > 105 GeV

Category I:
Category II:
Category 1II:
Category IV:

QCD corrections VERY
different for various
Categories (cuts)

channel oLo [fb] onLo [fb] onnLo [fP] onLo/0Lo  ONnNLO/ONLO (D]
Category I
CHere 49.45(0)TH% 04.12(2)%58%  105.9(1)T33 90.3% 12.6%
Crerem 48.97(0)TEER 93.13(2)TA8% 104.7(1)23% 90.2% 12.4%
C=0re= 32.04(0)723%  63.68(3)"5 %% 71.89(4)*33%  98.7% 12.9%
et 3174(0)T55% 0 63.00(2)T30%  71.13(4)122% 98.5% 12.9%
combined 162.2(0)"50%  313.9(1)T9%  353.7(3)*22% | 93.5% 12.7%
Category 11
CHere 0.3482(0)725%  1.456(0)113%  1.799(1)TEAE 318% 23.6%
CHerem0.3486(0)725%  1.452(0)T13% 1.789(1)TILt 316% 23.2%
C=er0 0.1644(0)725%  0.5546(1)3%%  0.6631(4)153%  237% 19.6%
(=06~ 0.1645(0)725%  0.5535(1)112%  0.6600(3)742¢  237% 19.2%
combined 1.026(0)"37%¢  4.015(1)T13%  4.911(3)729% | 292% 22.3%
Category III
CHerem 0.3642(0)T55%  0.5909(1) 5% 0.6373(16) 7150 62.3% 7.86%
CHerem 1.090(0)T5I% 1.904(0)Ta8%  2.071(2) 0% T4.7% 8.79%
C=er0 0.2055(0)72%%  0.3447(1) 5% 0.3731(9) %% 67.8% 8.22%
0T 0.6463(1) 2% 1.136(0)T55L  1.232(1)1ITE 75.8% 8.42%
combined  2.306(0)"2%%  3.976(1)T3T%  4.313(6)T18% | 72.4% 8.50%
Category IV
CHere 2.5000)T3E 4.200(1) A% 4.682(2)T1 T 72.0% 8.92%
erere 2.063(0)T34%  3740(1) A% 4.160(2) 722 81.3% 11.2%
C=ere 1.603(0)T3% 2.805(1) 152 3.058(1)TT e 75.0% 9.01%
erem 1.373(0)T38% 2.501(1)TATE 2.904(1) 2% 88.7% 12.1%
combined 7.540(1)"33%  13.44(0)*54r  14.80(1)T1%e | 78.2% 10.2%




New-physics searches

Category I: no additional cut
Category II: priss > 200 GeV

mrw > 120 GeV
My, 0, > 105 GeV

Category 1II:
Category IV:

QCD corrections VERY
different for various
Categories (cuts)

SF and DF channels
different by factor of 3
for mtw>120 GeV

channel oLo [fb] onLo [fb] onnLo [fP] onLo/0Lo  ONnNLO/ONLO (D]
Category I
CHere 49.45(0)TH% 04.12(2)%58%  105.9(1)T33 90.3% 12.6%
Crerem 48.97(0)TEER 93.13(2)TA8% 104.7(1)23% 90.2% 12.4%
C=erem 32.04(0)725%  63.68(3)T00%  71.89(4)T2%%  98.7% 12.9%
et 3174(0)T55% 0 63.00(2)T30%  71.13(4)122% 98.5% 12.9%
combined 162.2(0)"50%  313.9(1)T9%  353.7(3)*22% | 93.5% 12.7%
Category I1
CHere 0.3482(0)725%  1.456(0)113%  1.799(1)TEAE 318% 23.6%
CHerem0.3486(0)725%  1.452(0)T13% 1.789(1)TILt 316% 23.2%
(=0t 0.1644(0)725%  0.5546(1) %% 0.6631(4)1)3%  237% 19.6%
(=06~ 0.1645(0)725%  0.5535(1)112%  0.6600(3)742¢  237% 19.2%
combined 1.026(0)"37%¢  4.015(1)T13%  4.911(3)729% | 292% 22.3%
Category III
CHerem | 0.3642(0) 758 0.5909(1) A% 0.6373(16) 150 | 62.3% 7.86%
CHere | 1.090(0)T5 0% 1.904(0)Ta8%  2.071(2) % | 74.7% 8.79%
C=er0= | 0.2055(0) 2% 0.3447(1) 5% 0.3731(9) 7% | 67.8% 8.22%
=0t | 0.6463(1) 2% 1.136(0)T55%  1.232(1)1 1% | 75.8% 8.42%
combined  2.306(0)"2%%  3.976(1)T3T%  4.313(6)T18% | 72.4% 8.50%
Category IV
CHere 2.5000)T3E 4.200(1) A% 4.682(2)T1 T 72.0% 8.92%
erere 2.063(0)T34%  3740(1) A% 4.160(2) 722 81.3% 11.2%
C=ere 1.603(0)T3% 2.805(1) 152 3.058(1)TT e 75.0% 9.01%
erem 1.373(0)T38% 2.501(1)TATE 2.904(1) 2% 88.7% 12.1%
combined 7.540(1)"33%  13.44(0)*54r  14.80(1)T1%e | 78.2% 10.2%




WLZ tully differential at NNLO )

[Grazzini, Kallweit, MW]

New-physics searches

Category |: no additional cuts

dao/bin [fb] WZ(SF)@LHC 13 TeV (Category I) do/bin [fb] WZ(DF)@LHC 13 TeV (Category |) dao/bin [fb] WZ(SF)@LHC 13 TeV (Category |)
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produced with MATRIX
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SF and DF channels
different by factor of 3
for mtw>120 GeV




WLZ tully differential at NNLO )

[Grazzini, Kallweit, MW]

New-physics searches

Category |: no additional cuts

dao/bin [fb] WZ(SF)@LHC 13 TeV (Category I) do/bin [fb] WZ(DF)@LHC 13 TeV (Category |) dao/bin [fb] WZ(SF)@LHC 13 TeV (Category |)
T T T T | T T T [ T T T T T T T T [ T T T T T T T T I T T T . T T T T T T T T . T T T T T T T T | T T T ‘ T T T T T T T T T T T T

| i L L 1Li L1 Iii L1 Lii L1 LLii
produced with MATRIX
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]

WZ(DF)@LHC 13 TeV (Category 1)

New-physics searches
Category lll: mtw>120 GeV
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WLZ tully differential at NNLO

N/
[Grazzini, Kallweit, MW]
New-physics searches
Category |: no additional cuts
do/bin [fb] WZ@LHC 13 TeV (Category |) do/bin [fb] WZ@LHC 13 TeV (Category |) do/bin [fb] WZ@LHC 13 TeV (Category |)
ntol | niol |

produced with MATRIX
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Summary Y

N/
MATRIX:
tool for fully-differential NNLO(+NNLL) computations -- flexible, powerful and simple!

currently: closed beta
large list of 2— |,2—2 Higgs and vector-boson processes
includes: EVV decays, with: all topologies, off-shell effects, spin correlations

== realistic computation of cross section in the fiducial phase space

Physics applications:

evident: importance of NNLO for precision and accuracy (to describe data)

WLZ: finalizes diboson processes at NNLO (both: inclusive & differentially)
NNLO agrees well with data for 2v2£€ (SF)+£'v'2£ (DF) (both: normalization & shapes)

NP searches: large corrections on relevant observables; SF: strong dependence on identification

Outlook

soon: public version of MATRIX
NNLO corrections to ZZ with neutrino decay; mixed ZZ/WW — £v£@v channel

many things to do, include: pt resummation, loop-induced gg, NLO EW, ...
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Thank You !






Status of NNLO processes Y

All vector-boson pair production processes completed (fully-differential)

All essential 2— 1, 2—2 process with H, Y, Z,WV included (only HZ/HW missing)

More precisely: We consider the full process with leptonic final states (decays)

all leptonic decays with £ and v

all resonant and non-resonant structures that lead to the respective final state
spin correlations
off-shell effects

loop-induced gg component for electrically neutral processes consistently included
up to NNLO (effectively LO accurate)

M. Wiesemann  (CERN) VV production at NNLO March 23 2017 47



run
PS <<MATRIX-INFO>> New Run folder created: /home/wiesemann/munich-
http/MATRIX/run/ppeeexexQ4_ MATRIX/run_my_first_ZZ.
<<MATRIX-INFO>> Using LHAPDF version 5.9.1...
<<MATRIX-INFO>> Now it's time for running...
<<MATRIX-INFO>> Running in multicore mode...
<<MATRIX-INFO>> Starting grid setup (warmup)...

<<MATRIX-JOBS>> | 2017-03-04 09:52:10 | Queued: 2 | Running: © Finished: ©
<<MATRIX-JOBS>> | 2017-03-04 ©09:52:15 | Queued: @ | Running: 2 Finished: ©
v M M ° <<MATRIX-JOBS>> | 2017-03-04 09:54:50 | Queued: © | Running: 1 Finished: 1
The runnlng IS Separated INto thl‘ee <<MATRIX-JOBS>> | 2017-03-04 ©9:54:55 | Queued: | Running: © | Finished: 2
<<MATRIX-JOBS>> | 2017-03-04 09:54:55 | Queued: © | Running: © Finished: 2
M M <<MATRIX-INFO>> Starting runs to extrapolate runtimes from accuracy (pre run)...
main phases, which can be accessed CCHATRIX. J0BS»> | 20176304 89 54:55 | Queued: 2 | Running. 8 | Finished: 0
<<MATRIX-JOBS>> | 2017-03-04 09:55:00 | Queued: © | Running: 2 Finished: 0
indiVidua” b t in <<MATRIX-JOBS>> | 2017-03-04 ©9:55:15 | Queued: © | Running: © | Finished: 2
)/ )/ ),F) E; <<MATRIX-JOBS>> | 2017-03-04 ©09:55:15 | Queued: O | Running: © Finished: 2
" "/" "/1| " <<MATRIX-INFO>> A1l runs successfully finished.
- - <<MATRIX-INFO>> Extrapolating runtimes...
run_grld run Pre run_maln <<MATRIX-JOBS>> | 2017-03-04 ©09:55:15 | Queued: Running: Finished:
o n n <<MATRIX-JOBS>> 2017-03-04 09:55:20 | Queued: Running: Finished:
|nstead Of run <<MATRIX-JOBS>> 2017-03-04 09:55:20 | Queued: Running: Finished:
* <<MATRIX-JOBS>> 2017-03-04 09:55:20 | Queued: Running: Finished:
E h h I h I Preliminary (inaccurate) result for:
ach phase requires the previous result for:

phases to be successfully done!

<MATRIX-RESULT> PDF: NNPDF30_lo_as_0118
<MATRIX-RESULT> Total rate (possibly within cuts):
<MATRIX-RESULT> LO: 3.558 fb +/- 0.018 fb (muR, muF unc.: +2.9% -3.9%)

<MATRIX-RESULT> This result is very inaccurate and only a rough estimate!
<MATRIX-RESULT> Wait until the main run finishes to get the final result!

<<MATRIX-INFO>> Starting cross section computation (main run)...
<<MATRIX-JOBS>> | 2017-03-04 09:55:20 | Queued: 2 | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:25 | Queued: O | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
<<MATRIX-INFO>> A1l runs successfully finished.

<<MATRIX-INFO>> Collecting and combining results...

<<MATRIX-JOBS>> | 2017-03-04 ©09:55:40 | Queued: Running: Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:45 | Queued: Running: Finished:
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:45 | Queued: Running: Finished:
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:45 | Queued: Running: Finished:
<<MATRIX-INFO>> Plotting results with gnuplot...

<<MATRIX-INFO>> Trying to plot: pT_lepl_lep2__LO

<<MATRIX-INFO>> Running gnuplot...

<<MATRIX-INFO>> Plot successfully generated.

<<MATRIX-INFO>> Trying to plot: pT_epl__LO

<<MATRIX-INFO>> Running gnuplot...

<<MATRIX-INFO>> Plot successfully generated.

<<MATRIX-INFO>> Trying to plot: pT_lepl__LO

<<MATRIX-INFO>> Running gnuplot...

<<MATRIX-INFO>> Plot successfully generated.

<<MATRIX-INFO>> Trying to plot: m_lepl_lep2__LO

<<MATRIX-INFO>> Running gnuplot...

<<MATRIX-INFO>> Plot successfully generated.

<<MATRIX-INFO>> Trying to plot: dR_eml_epl__ LO

<<MATRIX-INFO>> Running gnuplot...

<<MATRIX-INFO>> Plot successfully generated.

<<MATRIX-INFO>> Trying to plot: pT_lep2__LO

<<MATRIX-INFO>> Running gnuplot...

<<MATRIX-INFO>> Plot successfully generated.

<<MATRIX-INFO>> Trying to plot: pT_eml_ LO




[] run
PS <<MATRIX-INFO>> New Run folder created: /home/wiesemann/munich-
http/MATRIX/run/ppeeexexQ4_ MATRIX/run_my_first_ZZ.
<<MATRIX-INFO>> Using LHAPDF version 5.9.1...
<<MATRIX-INFO>> Now it's time for running...
<<MATRIX-INFO>> Running in multicore mode...
<<MATRIX-INFO>> Starting grid setup (warmup)...

<<MATRIX-JOBS>> | 2017-03-04 09:52:10 | Queued: 2 | Running: © Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:52:15 | Queued: @ | Running: 2 Finished:
° M ° <<MATRIX-JOBS>> | 2017-03-04 09:54:50 | Queued: © | Running: 1 Finished:
The runnlng IS Separated INto thl"ee <<MATRIX-JOBS>> | 2017-03-04 09:54:55 | Queued: © | Running: © | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:54:55 | Queued: © | Running: © Finished:
M M <<MATRIX-INFO>> Starting runs to extrapolate runtimes from accuracy (pre run)...

main phases, which can be accessed CCHATRIX. J0BS»> | 20176304 89 54:55 | Queued: 2 | Running. 8 | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:00 | Queued: © | Running: 2 Finished:
1 7t 1 <<MATRIX-JOBS>> | 2017-03-04 09:55:15 | Queued: @ | Running: © | Finished:
IndIVIdua”y by typlng <<MATRIX-JOBS>> | 2017-03-04 ©09:55:15 | Queued: O | Running: © Finished:

" nwmm "w/n " <<MATRIX-INFO>> A1l runs successfully finished.

- - <<MATRIX-INFO>> Extrapolating runtimes...
run_grld / run_pre / run_maln <<MATRIX-JOBS>> | 2017-03-04 09:55:15 | Queued: Running: Finished:
. (j f-|| n <<MATRIX-JOBS>> 2017-03-04 09:55:20 | Queued: Running: Finished:
<<MATRIX-JOBS>> 2017-03-04 09:55:20 | Queued: Running: Finished:
InStea O run ¢ <<MATRIX-JOBS>> 2017-03-04 09:55:20 | Queued: Running: Finished:
E h h I h I Preliminary (inaccurate) result for:
aCh pnase requires the previous ey one
phases to be successfully done!
n . n <MATRIX-RESULT> PDF: NNPDF30_lo_as_0118
Wa_l”mup ( run grld ) <MATRIX-RESULT> Total rate (possibly within cuts):
— <MATRIX-RESULT> LO: 3.558 fb +/- 0.018 fb (muR, muF unc.: +2.9% -3.9%)

. . . <MATRIX-RESULT> This result is very inaccurate and only a rough estimate!
generates the Integratlon gl"ldS <MATRIX-RESULT> Wait until the main run finishes to get the final result!

(j (j .f (j . <<MATRIX-INFO>> Starting cross section computation (main run)...

nee e OI" Pre an maln run. <<MATRIX-JOBS>> | 2017-03-04 09:55:20 | Queued: 2 | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:25 | Queued: O | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:40 | Queued: 0 | | Finished:
<<MATRIX-INFO>> A1l runs successfully finished.
<<MATRIX-INFO>> Collecting and combining results...
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:40 | Queued: Running: Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:45 | Queued: Running: Finished:
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:45 | Queued: Running: Finished:
<<MATRIX-JOBS>> | 2017-03-04 ©09:55:45 | Queued: Running: Finished:
<<MATRIX-INFO>> Plotting results with gnuplot...
<<MATRIX-INFO>> Trying to plot: pT_lepl_lep2__LO
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: pT_epl__LO
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: pT_lepl__LO
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: m_lepl_lep2__LO
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: dR_eml_epl__ LO
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: pT_lep2__LO
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: pT_eml__LO

Running:




Running phases

The running is separated into three
main phases, which can be accessed
individually by typing
"run grid"/"run pre"/'run main"
instead of "run".

Each phase requires the previous
phases to be successfully done!

warmup ("run_grid")
> generates the integration grids
needed for pre and main run.

runtime extrapolation ("run_pre")
short test runs to estimate runtime

> prints preliminary result at the end

L
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>

<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>

<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>

run
New Run folder created: /home/wiesemann/munich-
http/MATRIX/run/ppeeexexQ4_ MATRIX/run_my_first_ZZ.
Using LHAPDF version 5.9.1...
Now it's time for running...
Running in multicore mode...
Starting grid setup (warmup)...
| 2017-03-04 09:52:10 | Queued:
2017-03-04 09:52:15 | Queued:
2017-03-04 09:54:50 | Queued:
2017-03-04 09:54:55 | Queued:
2017-03-04 09:54:55 | Queued:
Starting runs to extrapolate run
| 2017-03-04 09:54:55 | Queued:
| 2017-03-04 09:55:00 | Queued:
| 2017-03-04 09:55:15 | Queued:
| 2017-03-04 09:55:15 | Queued:
All runs successfully finished.
Extrapolating runtimes...
| 2017-03-04 09:55:15 | Queued: Running: Finished:
2017-03-04 09:55:20 | Queued: Running: Finished:
2017-03-04 09:55:20 | Queued: Running: Finished:
2017-03-04 09:55:20 | Queued: Running: Finished:

Finished:
Finished:
Finished:
Finished:
Finished:
uracy (pre ru
Finished:
Finished:
Finished:
Finished:

| Running:
| Running:
| Running:
| Running:
| Running:
imes from ac )
| Running:
| Running:
| Running:
| Running:

OCOONTOOOON
OONONOOLNG®
NNOOI NNRFRFOO®

Preliminary (inaccurate) result for:
pp -->et et et et @ 8 TeV LHC

PDF: NNPDF30_lo_as_0118

Total rate (possibly within cuts):

Los 3.558 fb +/- 0.018 fb (muR, muF unc.: +2.9% -3.9%)
This result is very inaccurate and only a rough estimate!

Wait until the main run finishes to get the final result!

Starting cross section computation (main run)...

| 2017-03-04 09:55:20 | Queued: 2 | Running: | Finished:
| 2017-03-04 ©09:55:25 | Queued: O | Running: | Finished:
| 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
| 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
All runs successfully finished.

Collecting and combining results...

2017-03-04 09:55:40 | Queued:
2017-03-04 09:55:45 | Queued:
2017-03-04 09:55:45 | Queued:
2017-03-04 09:55:45 | Queued:

Running:
Running:
Running:
Running:

Finished:
Finished:
Finished:
Finished:

Plotting results with gnuplot...
Trying to plot: pT_lepl_lep2__LO
Running gnuplot...

Plot successfully generated.
Trying to plot: pT_epl__LO
Running gnuplot...

Plot successfully generated.
Trying to plot: pT_lepl__LO
Running gnuplot...

Plot successfully generated.
Trying to plot: m_lepl_lep2__LO
Running gnuplot...

Plot successfully generated.
Trying to plot: dR_eml_epl_LO
Running gnuplot...

Plot successfully generated.
Trying to plot: pT_lep2__LO
Running gnuplot...

Plot successfully generated.
Trying to plot: pT_eml__LO




Running phases

The running is separated into three
main phases, which can be accessed
individually by typing

n - nm/m m/m - n
run_grid /'run pre/'run main

instead of "run".

Each phase requires the previous
phases to be successfully done!

warmup ("run_grid")
> generates the integration grids
needed for pre and main run.

runtime extrapolation ("run_pre")
short test runs to estimate runtime

> prints preliminary result at the end

x-section computation ("run main")

> parallelized by runtime from pre run,
max_ time per job and accuracy

starts result combination+gnuplot

<<MATRIX-INFO>>

<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>

<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>
<MATRIX-RESULT>

<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-JOBS>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO>>
<<MATRIX-INFO0>>

run

New Run folder created: /home/wiesemann/munich-
http/MATRIX/run/ppeeexex04_ MATRIX/run_my_ first_ZZ.

Using LHAPDF version 5.9.1...
Now it's time for running...
Running in multicore mode...
Starting grid setup (warmup)...
| 2017-03-04 09:52:10 | Queued:
2017-03-04 09:52:15 | Queued:
2017-03-04 09:54:50 | Queued:
2017-03-04 09:54:55 | Queued:
2017-03-04 09:54:55 | Queued:
Starting runs to extrapolate run
| 2017-03-04 09:54:55 | Queued:
| 2017-03-04 09:55:00 | Queued:
| 2017-03-04 09:55:15 | Queued:
| 2017-03-04 ©09:55:15 | Queued:
All runs successfully finished.
Extrapolating runtimes...
| 2017-03-04 09:55:15 | Queued:
| 2017-03-04 ©09:55:20 | Queued:
| 2017-03-04 09:55:20 | Queued:
| 2017-03-04 09:55:20 | Queued:

OCOONTOOOON

I
I
|
|
|
imes from accuracy (pre run)...
I
|
I
I

Finished:
Finished:

Running: | |
Running: | |
Running: | Finished: |
| |

|

Running: Finished:

Running: | Finished:

Running: © | Finished: 0 |
Running: | Finished: 0 |
Running: | Finished: |
Running: | Finished: |

Running: Finished:
Running: Finished:
Running: Finished:
Running: Finished:

Preliminary (inaccurate) result for:

PDF: NNPDF30_lo_as_0118
Total rate (possibly within cuts):

@ 8 TeV LHC

LO: 3.558 fb +/- 0.018 fb (muR, muF unc.: +2.9% -3.9%)
This result is very inaccurate and only a rough estimate!
Wait until the main run finishes to get the final result!

Starting cross section computation (main run)...

| 2017-03-04 09:55:20 | Queued: 2
| 2017-03-04 09:55:25 | Queued: O
| 2017-03-04 09:55:40 | Queued: ©
| 2017-03-04 09:55:40 | Queued: O
All runs successfully finished.

| Running: | Finished:
| Running: | Finished:
| Running: | Finished:
| Running: | Finished:

Collecting and combining results...

| 2017-03-04 09:55:40 | Queued:
| 2017-03-04 09:55:45 | Queued:
| 2017-03-04 ©09:55:45 | Queued:
| 2017-03-04 09:55:45 | Queued:
Plotting results with gnuplot...
Trying to plot: pT_lepl_lep2_ LO
Running gnuplot...

Plot successfully generated.
TEUE e [(DieEs o ol [
Running gnuplot...

Plot successfully generated.
inviinzgStoRpiliotEa e pI S0
Running gnuplot...

Plot successfully generated.
nviiin et oRpiliott:aninitienislen 2
Running gnuplot...

Plot successfully generated.
Trying to plot: dR_eml_epl_ LO
Running gnuplot...

Plot successfully generated.
inviingstoRpiliotEaDiEaliep2 st 0
Running gnuplot...

Plot successfully generated.
inviingRtoRpiliotpiemiss=0

Running: Finished:
Running: Finished:
Running: Finished:
Running: Finished:




Preliminary (inaccurate) result for:
pp-->er et et e @ 8 TeV LHC

<MATRIX-RESULT> PDF: NNPDF30_lo_as_0118
<MATRIX-RESULT> Total rate (possibly within cuts):

R . h
<MATRIX-RESULT> LO: 3.558 fb +/- 0.018 fb (muR, muF unc.: +2.9% -3.9%)

The running iS Separated intO three <MATRIX-RESULT> This result is very inaccurate and only a rough estimate!

<MATRIX-RESULT> Wait until the main run finishes to get the final result!

main PhaseS, WhiCh Can be accessed <<MATRIX-INFO>> Starting cross section computation (main run)...

. . . . <<MATRIX-JOBS>> | 2017-03-04 09:55:20 | Queued: 2 | Running: | Finished:
<<MATRIX-JOBS>> | 2017-03-04 09:55:25 | Queued: © | Running: | Finished:
IndIVIdua”y by typlng <<MATRIX-JOBS>> | 2017-03-04 ©09:55:40 | Queued: O | Running: | Finished:
" "/" "/" " <<MATRIX-JOBS>> | 2017-03-04 09:55:40 | Queued: O | Running: | Finished:
. 1 <<MATRIX-INF0>> All runs successfully finished.
run_grld run_pre run_maln <<MATRIX-INFO>> Collecting and combining results...
o n n <<MATRIX-JOBS>> | 2017-03-04 ©09:55:40 | Queued: 2 Runn1:ng: F1:n1:shed:
instead of "run”. Sl | Sl ek | o O s O e
<<MATRIX-JOBS>> | 2017-03-04 09:55:45 | Queued: © Running: Finished:
- o o <<MATRIX-INFO>> Plotting results with gnuplot...
Each phase requires the previous <<HATRIX-INFO>> Trying to plot: pT_lepl lep2_L0
R unning gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
|
phases to be successfully done! <<HATRIX-INFO>> Trying to plot: pT_epl L0
<<MATRIX-INFO>> Running gnuplot...
<<MATRIX-INFO>> Plot successfully generated.
" . n <<MATRIX-INFO>> Trying to plot: pT_lepl_ LO
Wa_l"mup ( run grld ) <<MATRIX-INFO>> Running gnuplot...
— <<MATRIX-INFO>> Plot successfully generated.
By enerates the inte ration rids <<MATRIX-INFO>> Trying to plot: m_lepl lep2_LO
v <<MATRIX-INFO>> Running gnuplot...
g g g <<MATRIX-INFO>> Plot successfully generated.
: <<MATRIX-INFO>> Trying to plot: dR_eml_epl_LO
needed for pre and main run. C<HATRIX-INFO>> Running gnupiot. ..
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: pT_lep2_ LO
runtime extrapolation ("run_pre") e e AL
<<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: pT_eml_ LO
1 1 <<MATRIX-INFO>> Running gnuplot...
Short teSt runs to eStImate runtlme <<MATRIX-INFO>> Plot successfully generated.
<<MATRIX-INFO>> Trying to plot: n_jets_ LO
<<MATRIX-INFO>> Running gnuplot...

Prints Preliminary reSUIt at the end <<MATRIX-INFO>> Plot successfully generated.

x-section computation ("run_main") Final resuit for:

P p -->et et et et @ 8 TeV LHC

» parallelized by runtime from pre run,
max_ time per job and accuracy

<MATRIX-RESULT>

1 1 <MATRIX-RESULT> PDF: NNPDF30_lo_as_0118
Starts reSUIt Comblnatlon+gnuP|Ot <MATRIX-RESULT> Total rate (possibly within cuts):
<MATRIX-RESULT> LO: 3.554 fb +/- 0.013 fb (muR, muF unc.: +2.9% -3.9%)
I 'F | I h d <MATRIX-RESULT> A1l results (including the distributions) can be found in:
Prlnts Ina resu t at t e en <MATRIX-RESULT> /home/wiesemann/munich-http/MATRIX/run/ppeeexex04_MATRIX/result/run_my_fi
[wiesemann:~ n/ppeeexex04 MATRIX]




process folder:
S{process_id} MATRIX

l-- no need to be touched

—P| failed temporary folders =P | summary various summary information
indicating status of
=P successful current jobs =P | gnuplot plots (*.pdf and *.gnu files)
‘ input (*.dat) { P|orid_run log files for each job{ [P|Lo-run result files for ((N)N)LO run:
‘ i P|pre_main_run|} various run phases; } [P|NLO-run| |- distributions (separate folder)
A each contains also - additional combinations with
- model.dat =P | main_run "failed"/"successful” { [ |NNLO-run Lloop-induced component
t = distribution.dat § PP»|saved_tog_xx|| ifindicated in input | [|input_of_run corresponding input
” : previous logs are
°ee saved before rerun =P saved_result_xx| | if indicated in input
- - : previous results are
°e saved before rerun




Additional information

MATRIX v1.0.0/config/Matrix configuration
handles configuration, like: mode to choose local/cluster running,
cluster name to choose cluster (LSE slurm, ...)
(soft link in each $ {process id} MATRIX/input/Matrix configuration)

RURHHRHHRHRRE BB RH SRR RSB SR A

# MATRIX configuration file #

AR A A A A A A A

# This file contains all parameters to configure MATRIX

# In the run_folders this is the link to the central configuration file

# in MATRIX/config/; you can replace the link by a copy to have individual
# configurations for the different processes

# Editor to be used to edit input files from MATRIX shell
# (default: use the one specified under environmental variable EDITOR)
#default_editor = emacs # eg, emacs, vi, nano,

# runmode of MATRIX: O -- multicore (default)
1 -- cluster

# Name of cluster currently supported:
# slurm, LSF (eg, lxplus), condor, qsub (Torque/OpenPBS tested+working; PBS, SGE not tested)
cluster_name = LSF

# Queue/Partition of cluster to be used for running
cluster_queue = 2nw

# Maximal runtime for a single process on a single node,
# too low values may lead failure of the code
#cluster_runtime = 2-00:00:00

# add customizable lines at the beginning of cluster submission file

# this allows to add certain cluster-specific requirements as options to the submission
# eg: cluster_submit_linel = #SBATCH --mem-per-cpu=4000

# to increase the memory of a slurm job on certain clusters

#cluster_submit_linel

#cluster_submit_line2

#cluster_submit_line3
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Additional information Y

MATRIX v1.0.0/config/Matrix configuration
handles configuration, like: mode to choose local/cluster running,
cluster name to choose cluster (LSE slurm, ...)
(soft link in each $ {process id} MATRIX/input/Matrix configuration)

many additional command-line options, use "-h" to show all options:
./matrix -h
./bin/run process -h
eg, continue a previous run (all finished jobs will be kept) with "--continue"
this way you can use the code completely without using the shells, eg:
./matrix ppeeexex04
./bin/run process run my first ZZ --run mode run
nohup ./bin/run process run my first ZZ --run mode run > f.out &
automatic renormalization and factorization scale variations

creation of citation file for each run
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matching: FO+resummation

f.o.+1.a.

do/dpH [pb]
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matching: FO+resummation

f.o.+1.a.

do/dpH [pb]

fixed order

M. Wiesemann

(CERN)

VV production at NNLO

March 23 2017

55



matching: FO+resummation
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matching: FO+resummation

N/
f.o.+l.a.
do/dpf [pb]
I I ?l I I ‘ I I I I

fixed order

- -- logs

—-— | f.o.-logs |
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matching: FO+resummation

2
f.o.+1.a. _de_

do/dpH [pb]

[ T ‘ T T T T

.
|
.
[
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.
o
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.

\

fixed order
- -- logs
—-— | f.o.-logs |
—-.- resummed logs
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matching: FO+resummation

f.o.+1.a.

dpT

do/dpH [pb]

\

.
|
.
[
o
.
o
)
.

I

fixed order
- -- logs
—-— | f.o.-logs |
—-.- resummed logs
—— matched
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matching: FO+resummation

N
2 _ tot
f.o.
f.o.+l.a.
do/dpf [pb]
e
—— matched
= total
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WWV fully differential at NNLO

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]
stability of Fcut dependence
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Theoretical status of WWV production Y

N/

fixed-order:

NINLO corrections to inclusive [Gehrmann, Grazzini, Kallweit, P. Maierhofer,

von Manteuffel, Pozzorini, Rathlev, Tancredi '14]

and differential cross sections [Grazzini, Kallweit, Pozzorini, Rathlev, MW 'l 6]
NLO corrections to gg channel
[Caola, Melnikov, Rontsch, Tancredi '15], second one for Higgs interference?

NLO EW corrections
[Biedermann, Billoni, Denner, Dittmaier, Hofer, Jager, Salfelder 'l 6]

resummation:

NNLO+NNLL pT resummation of WW pair
[Grazzini, Kallweit, Rathlev, MW 'l 5]

NNLO+NNLL jet-veto resummation
[Dawson, Jaiswal, Li, Ramani, Zeng '| 6]
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WWV tully differential at NNLO y

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

all pp—=? WW =2V £'V" processes, including:
double-resonant W decays

single-resonant Z/y* decays (Pp—Z/Y* > WW*/0vW —0v £°V")
double(single)-resonant pp—=ZZ/ZY*—2vev(pp—Z/Y*—=LveV) in SF

Dl/ q Dl, q Dl,

'~ '~

V] Vi

l—l—

Ui/ Ui/
q YA l q > l
I/l/ l_ ]/Z/
q
Z[y 1~ Z [y 1~
q [t q [T
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WWV tully differential at NNLO y

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

all pp—=? WW =2V £'V" processes, including:
double-resonant W decays

single-resonant Z/y* decays (Pp—Z/Y* > WW*/0vW —0v £°V")
double(single)-resonant pp—=ZZ/ZY*—2vev(pp—Z/Y*—=LveV) in SF
HERE: different-flavour channel pp—=WW —eve UV, (for simplicity):

inclusive results

WWV signal cuts:

my > 10GeV, AR,y > 0.1, p&s > 15 GeV, pr™ ™ > 20GeV
jet veto (anti-kr, R = 0.4, pr,; > 25GeV, |y;| < 4.5)
lepton cuts (pr;, > 25GeV, pry, > 20GeV, |y,| < 2.4, |y.| < 1.37 or 1.52 < |y.| < 2.47)
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WWV tully differential at NNLO y

NS
[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

top-quark contamination

how to avoid tt/Wt contributions in computation:

four-flavour scheme (4FS)

q
diagrams with final-state b-quarks finite subgroup (b massive)
~ remove top-quark contamination by dropping such diagrams
q
default choice in our computation
Wt: five-flavour scheme (5FS)

b-quark contributions not finite (b massless, clustered in jets)

use resonance structure with respect to top-quark width:

1 1
oc=A +B-—+C

I‘_% o

fit coefficients for different I'; ==» (': top-subtracted c.s.

used as cross check (agreement for fiducial rates ~1%)
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WW fully differential at NNLO y

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates fiducial rates (WW cuts)
o [fb] 8 TeV 13 TeV 8 TeV 13 TeV
LO | 425.41(4) T35 778.99 (8) T3 T% 147.23(2) +24% 233.04(2) 567
NLO | 623.47(6) F3:6% 1205.11(12) F3:9% 153.07(2) 9% 236.19(2) 125%
NLO'+gg | 655.83(8) +43% 1286.81(13) +48% 166.41(3) fggj 267.31(4) f%;zg
NNLO | 690.4(5) +22% 1370.9(11) +25% 164.1 (1) "yaer 261.5(2) o5

'NLO'+gg = NLO+gg BOTH with NNLO PDFs |

== acceptances (WW cuts)

A — O.cuts / O.inclusive 8 TeV 13TeV
LO 0.34608(7)0:8% 0.29915(6) 1007
NLO 0.24552(5) 2% 0.19599(4) * 7
NLO'+gg 0.25374(7)357% 0.20773(5)*33%
NNLO 0.2378(4) Ti3% 0.1907(3) Fiaor




WW fully differential at NNLO y

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates fiducial rates (WW cuts)
o [fb] 8 TeV 13 TeV 8 TeV 13 TeV
LO | 425.41(4) F355 )+47% 778.99 (8) +g;;§; )+55% 147.23(2) j%jg% 233.04(2) j;;’gg
NLO | 623.47(6) "3 ) %1205.11(12)+§;§%§) 8%153.07(2) e 236.19(2) 754
NLO'+gg | 655.83(8) T334 = ~1286.81(13) iy S o 166.41(3) jgg 267.31(4) j%;z%;
NNLO | 690.4(5) t§;§§)+5-34 1370.9(11) j§;§§§)+6-54164.1 (1) Toren 261.5(2) T

' NLO'+gg = NLO+gg BOTH with NNLO PDFs

== acceptances (WW cuts)

A — O.cuts / O.inclusive 8 TeV 13TeV
LO O.34608(7)f8:§§ 0-29915(6)fzj§§
4.4% <270
NLO 024552(5)?4.7;5 0-19599(4)%%}
NLO'+gg 0.25374(7)3;2;3 0.20773(5)21));%2
1.3% .270
NNLO 0.2378(4) *13% 0.1907(3) “ogn




WW fully differential at NNLO y

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates fiducial rates (WW cuts)
o [fb] 8 TeV 13 TeV 8 TeV 13 TeV
LO | 425.41(4) 755 )+47<7 778.99 (8) ol )+55% 147.23(2) 398 Vg,  233.04(2) T0F VY4 39
—|—2 8%

(

NLO | 623.47(6) T55% ) o, 1205 11(12)+§§§)+ 59, 153.07(2) 9% ) 15,79, 236-19(2) g ) 139
NLO'+gg | 655.83(8) T35 ° 1286.81(13) H15% °166.41(3) T13% % 267. 31(4 +; o °
(1)

NNLO | 690.4(5) t§;§§)+5-34 1370.9(11) jg.g§)+6-5%164.1 1) T13% )-IA% 261.5(2) Tt gg) 2.2%

' NLO'+gg = NLO+gg BOTH with NNLO PDFs |

== acceptances (WW cuts)

A — O.cuts / O.inclusive 8 TeV 13TeV
LO 0.34608(7)f§:§§ 0.29915(6)fzj§§
NLO 0.24552(5)%%5 0.19599(4)%1%2
NLO'+gg 0.25374(7)37;3 0.20773(5)%1%2
1.3% 270
NNLO 0.2378(4) *13% 0.1907(3) “ogn




WWV tully differential at NNLO y

NS
[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive rates fiducial rates (WW cuts)

o [fb] 8 TeV 13 TeV 8 TeV 13 TeV

LO | 425.41(4) 728% ),,477 778.99 (8) f2T% )+55% 147.23(2) 7398 Y igq0,  233.04(2) T8N L) 39
NLO | 623.47(6) +3:5% )+ ., 1205.11(12) +§$§)+ 4o, 193:07(2) % ) vg 79, 236:19(2 ) t28% ) ‘139
NLO'+gg | 655.83(8) T55% 1286.81(13) F35% °166.41(3) T13% % 267 31(4) 1257 ’
NNLO | 690.4(5) t2'2%)+5-3/> 1370.9(11) j26%)+6-5%164.1 (1)

+1.3% _ <) +1.9% o
1.9% 2.3% ! 08‘7) 4% 261.5(2 12‘7) 2.2%

' NLO'+gg = NLO+gg BOTH with NNLO PDFs |

== acceptances (WW cuts)

A = O.cuts/O.inclusive 8 TeV 13 TeV
LO 0.34608(7) "0 259) +29%  0.29915(6)5% Y 1349
NLO 0.24552(5) 1% () +3.3% 0.19599(4) 1% veo,
NLO'+gg 0.25374(7) T35 " 0.20773(5) 2% ’
NNLO 0.2378(4) jgg;j) -6.3%  0.1907(3) tl2% )-8-2%




WWV fully differential at NNLO

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

dO'/deW [fb/GeV]

inclusive
Wl e'\)“\_) (mcluswe)@LHC 8 TeV
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Illllli
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produced with MATRIX
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produced with MATRIX
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WWV fully differential at NNLO

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]

inclusive: distributions (8 TeV)

do/deW [fb/GeV] I e'\)u\‘) (mcluswe)@LHC 8 TeV

i
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<
LI IIIIIII

B B . EE R T L R R T e I S LT
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produced with MATRIX
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— NNLO 7
EIE-L." ................................................................................................................ _=
Z‘! ]
2_1 ......................................................................... =
i 3
_3:_1 e =
-
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WL fully differential at NNLO [Grazzini, Kaliweit, Mw]

ATLAS (8 TeV):

SM measurements

channel 01,0 [fb] ONLO [fb] ONNLO [fb] O ATLAS [fb]

+ ot o -
ptete LE0(0122%  20.49(0) 5% 99 11(1)F1E 23.9 £ 6.5%(stat) £ 2.5%(syst) £ 2.2%(lumi)
oL 59(0) 550 20.42(0)T 5 22.11(1) 7 gy .
etutp 19.9 + 7.2%(stat) £ 3.5%(syst) + 2.2%(lumi)
+ ot o= :
etete 16200122 20.48(0)F55% 99 17(1)F18% 22.6 + 8.0%(stat) + 4.4%(syst) £ 2.2%(lumi)
P 62(0) 2550 20.48(0) 155 22.17(1) 15 gy _
wt 19.8 + 6.0%(stat) 4+ 2.5%(syst) £ 2.2%(lumi)
combined 11.60(0)*22% 20.45(0)735% 22.14(1)*18% 21.2 4 3.4%(stat) £ 2.3%(syst) & 2.2%(lumi)
— + — .
nete 6 730 1YF2A% 1935015 T% 13 49(1)H10% 12.4 £ 9.5%(stat) + 3.1%(syst) £ 2.3%(lumi)
T )l 12350703 18.420) 5 |
et 15.7 £ 7.5%(stat) £+ 2.8%(syst) £ 2.3%(lumi)
— + — .

e ete 6750/ 1) 24%  19.38(014 5% 13.47(1)HLO% 15.4 +9.8%(stat) 4+ 5.0%(syst) £ 2.3%(lumi)
L ()5 12.38(0)5 50 13.47(1) 15 _
ot 13.4 + 7.5%(stat) 4+ 2.8%(syst) £ 2.3%(lumi)
combined 6.741(1)*24% 12.36(0)*27% 13.45(1)*19% 14.0 £ 4.3%(stat) £ 2.8%(syst) =+ 2.3%(lumi)
+ ot - .
prete 18.39(0)123% 39 76(1)F5A% a5 5300 FLA 36.3 £ 5.4%(stat) £ 2.6%(syst) £ 2.2%(lumi)
Lo 32(0) I35 32.76(1) 155 35.53(2) 1 4y .
et 35.7 £+ 5.3%(stat) £ 3.7%(syst) £ 2.2%(lumi)
+ ot - :
erete 18.37(0)23% 39 85 (1) F5A% a5 a9 1A 38.1 £ 6.2%(stat) £ 4.5%(syst) £ 2.2%(lumi)
Lo 3T(0)155%  32.85(1)7 g 35.64(2)7 gy .
[ Tan" 33.3 + 4.7%(stat) £ 2.5%(syst) £ 2.2%(lumi)
combined 18.35(0)723% 32.81(1)"24% 35.59(2)*18%  35.1 4 2.7%(stat) & 2.4% (syst) & 2.2% (lumi)

-3.2%

—4.1%

-1.9%




WL fully differential at NNLO [Grazzini, Kaliweit, Mw]

CMS I 3 T Channel OL,0 [fb] ONLO [fb] ONNLO [fb] ocMS [fb]
( eV):
combined 148.4(0)*34%  301.4(1)*35% 334.3(2)*23% 258 4 8.1%(stat) T2 (syst) & 3.1(lumi)
Channel 01,0 [fb] ONLO [fb] ONNLO [fb] O ATLAS [fb]
prete” 32.2 + 14.4%(stat) + 5.0%(syst) + 2.4%(lumi
17.33(0)*33%  34.12(1)*23%  37.75(2) 1237 (stat) (8yst) (fumi)
+t - 270 570 0% ,
et utu 45.0 £+ 12.1%(stat) + 4.6%(syst) £ 2.3%(lumi)
etete” s 50 s 50, oy 280 E 19.2%(stat) 4+ 11.2%(syst) £ 2.4%(lumi)
O 1737(0)F 5 34.21(1) 15 37.84(2)F3 0% |
pt it 36.5 + 11.6%(stat) &+ 4.1%(syst) £ 2.3%(lumi)
combined 17.35(0)"5%% 34.16(1)"33% 37.80(2)122%  36.7 & 6.7%(stat) & 3.9%(syst) £ 2.3%(lumi)
pete” s . Laay 229 % 17.5%(stat) = 5.8%(syst) £ 2.4%(lumi)
11.50(0)"57%  23.57(1)55%  26.18(1)F25%
et 30.2 £ 15.2%(stat) + 6.9%(syst) £ 2.3%(lumi)
(]
AT LAS ( I 3 Tev)' e ete” s 55 ooy 225 % 21.0%(stat) £ 10.5%(syst) £ 2.4%(lumi)
11.53(0) 55 23.63(0)125%  26.25(1)F22%
ot 27.1 £ 13.7%(stat) + 5.0%(syst) £ 2.4%(lumi)
combined 11.51(0)"57% 23.60(1)"55% 26.22(1)123%  26.1 4 8.1%(stat) & 4.7%(syst) £ 2.4%(lumi)
ptetes o o o D0-1 E 1L1%(stat) = 5.1%(syst) £ 2.4%(lumi)
28.83(0)21% 57.69(1)"34%  63.93(3)T23%
£+, 070 070 1% ,
et 75.2 +9.5%(stat) 4+ 5.3%(syst) £ 2.3%(lumi)
etete” I I Logy D05 E 14.2%(stat) £ 10.6%(syst) = 2.4%(lumi)
28.90(0)21% 57.84(1)F34%  64.09(3)T2%%
pEpt 63.6 & 8.9%(stat) £ 4.1%(syst) £ 2.3% (lumi)
combined 28.86(0)"54%  57.76(1)"34% 64.01(3)123%  63.2 & 5.2%(stat) + 4.1%(syst) £ 2.4%(lumi)

—6.5%

—4.3%




WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]

New-physics searches
Category Il: pt™s>200 GeV
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]

New-physics searches
Category lll: mtw>120 GeV

WZ@LHC 13 TeV (
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]

WZ(DF)@LHC 13 TeV (Category 1)

New-physics searches
Category lll: mtw>120 GeV
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WLZ tully differential at NNLO

[Grazzini, Kallweit, MW]
New-physics searches
Category IV: mi>105 GeV
o do/bin [fb] WZ@LHC 13 TeV (Category V) o do/bin [fb] WZ@LHC 13 TeV (Category 1V)
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WWV fully differential at NNLO

[Grazzini, Kallweit, Pozzorini, Rathlev, MWV 'l 6]
WW signal cuts: distributions (8 TeV)

do/dAcI)” WY [fb] p*e "u‘) (WW cuts)@LHC 8 TeV do/dm, [fb/GeV] K€V Y o(WW-cuts) @LHC 8 TeV
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