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History top quark — at the start of LHC
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Top quark: now

April 2020 CMS Prellmlnary
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Top quark: now

April 2020 CMS Preliminary

—
-8_ 3 i @ 7 TeV CMS measurement (L<5.0 fb™")
—_— 10 = o B 8 TeV CMS measurement (L < 19.6 fb™") =
© = @ 13 TeV CMS measurement (L < 137 fb™) ]
- - . o a Theory prediction ]
- 102 —n jet(s) Z 2 Z CMS 95%CL limits at 7, 8 and 13 TeV |
9 = e @ o 3
O - ”’ 8 z i
10} g oo :
) - m % o -
2 B @ 0 .
o B i
&
c - -
o - ’
-1 L
S5107" €
o - i
— B i
al 1021
10°} beW\ hewn
e D15 g T3 4 e T, tw T, oty Ttzg otz Doty D otw T owH T otH ottt

All results at: http://cern.ch/go/pN;j7

VRIJE
UNIVERSITEIT

BRUSSEL 22 June 2020

Be.h annual meeting, freya.blekman@vub.be 6



VB

wnye

Standard model predicts
top kinematics

Top physics = SM cross
check

Deviations are signs of
new physics

This new physics is at
large mass scales, making

it a good candidate to fix
the holes in the SM
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Top pair production rate
Top mass
Single top production rate

B(t—Wb)

Vil

W helicity

Top polarization
Anomalous couplings
Spin correlations
Rare decays

Rare production mechanisms
Top width
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BSM signatures in the ttbar phase space

Top quark compositeness (t*)

sGluons etc. |3
)
5
g-g production, §—>tf§”¢? 2 — —
g g-g production, g—>tt)(1
o
Vector-like quarks (t'/b’) »| ttH

t=>tx, | | ttbar+DM
Single top+DM
Vg~ T
\I"5Ga\e 0
e HY — ttbar
H* — tb
/' — ttbar m(ttbar) >> TeV + high MET:
W — tb mostly unexplored territory

e also: Czakon et al. arXiv:1501.01112
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Use the top quark to break the standard model
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99 ways to examine the top quark
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News flash!
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Use top quark to constrain SM and learn more

Precision...what for?

Searching for new interactions with an EFT

The matter content of SM has been experimentally
verified and there is no evidence for light states. SM
measurements can be interpreted as searches for

2
deviations from the dim=4 SM Lagrangian A >S|Ci|/5
6) _ p(4) Z S
Loy =Lsy+ ) 330+ sl /A2 < 6
’ Vs <A

BSM goal of the precision LHC
programme: determination of the
couplings of the SMEFT lagrangian.

Source: Fabio Maltoni @LHCP2020
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Top pair branching fractions

W @ “alljets" 44%
= SiX Jets

ttjets 15%

B-quark identification
used to reduce background

0 L+jets 15%
Vi, Nk
e

et+jets 15% _
“dileptons™ "lepton+jets™

e = twojets, two leptons, MET = four jets, lepton, ME
UNIVERSITEIT IA
BRUSSEL Freya Blekman, freya.blekman@vub.be
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Top quark pair: both W bosons into leptons

CMS Experiment at the LHC, CERN
Data recorded: 2016-Jul-14 23:45:11.547328 GMT
Run / Event / LS: 276811 / 2968707874 / 1776
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Top quark pair: together with a Z boson

CMS Experiment at the LHC, CERN
4| Data recorded: 2016-Aug-15 01:00:30.361728 GMT
= | Run/Event/LS: 278822 /837399836 / 484
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Top quark pair together with a Higgs
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Top physics: decay channel choice

* Difficulty of isolation of top quark events inversely
proportional to the complexity of the mass
reconstruction

Relatively easy

Two neutrinos, ambiguities

Reasonable One neutrino, use missing
transverse energy

Very difficult Possibility to observe top as
‘peak’ in invariant mass
spectrum, no energetic
neutrinos
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Let’s take it up some steps:

more top quarks

CMS Experiment at the LHC, CERN
Data recorded: 2016-May-29 22:35:55.226560 GMT
Run / Event / LS: 274199 / 548714092 / 285
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tttt: theory and strategy

t
t
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Cross section ~1 order of magnitude smaller than ttH Y
Signatures: 4leptons4b - 3leptons4b2j — 2leptons4b4j -1lepton4b6j — 4b8;j 3 leptons

leptons _ 4%

9%

Cross section at NLO QCD+EWK calculation available that gives ~12 fb
Frederix, Pagani, Zaro arXiv:1711.02116

lepton

2016 data results use the previous NLO (QCD only) cross section at 9.2 fb =

easier to compare results. No influence on most limits/measurements

VRIJE
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Analysis strategy

* Depends on final state
* (similar ttH analysis: fewer leptons = more work)

4 tEet
3  leptons
leptons _, 4%
9%

Refs SS dileptons/multileptons:
ATLAS arxiv 1807.11883 (36 fb")
CMS arxiv 1908.06463 (137 fb')

lepton Dominant background:
39% ttbar+HF

Refs I+jets, OS dileptons:
ATLAS arxiv 1811.02305 (36 fb'")

VRIJE CMS arxiv 1906.02805 (36 fb™")
UNIVERSITEIT
BRUSSEL 22 June 2020 Be.h annual meeting, freya.blekman@vub.be 20




Different approaches to EFT

* ATLAS: BSM-like EFT looking for dramatic
changes in shape at high scale

* CMS: SM-like EFT trying to constrain small
changes cross section limit/uncertainties and

mapping fit cross section limits to Wilson
coefficients

* Both have pros and cons

VRIJE
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EFT interpretation

* Like many rare processes involving loop diagrams,
four-top production is extremely sensitive to new

physics
* SM effective field theory at order 6

1 1 1
cern = L5+ 5 £GT00 + 5 26000 +o (A_)

e ATLAS: use Ly - Eéﬂas signal model, constrain A

* CMS: constrain Lgpy /ﬁéﬂ with Ao/ Ow, fix A, constrain C

VRIJE
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CMS l+jets and OS dileptons: strategy

Ex: ep/eeﬂets BDT, split by jet multiplicity

35.8 b (13 TeV)

-.g ep -67,N" > | >8,N" = >8, N >
*  MC based simultaneous fit of a boosted g o oo e e
decision tree, using MC shapes including full b 10
theory uncertainties (source: Powheg) 10
*  BDT trained on kinematic, b-tagging and 1
resolved top tagging information 10
*  Lower tag multiplicity and jet multiplicity 7-8 102
jets used to constrain (large) systematic o 1
uncertainties during simultaneous fit 318 0 Bl f , 7
Sl v ' &
*  Strategy similar to simultaneous fits used for 8 °° ' _
ttbar cross section . CMmS 35.8 fo' (13 TeV)
. .. 2 ol % ylern .
*  Weakness: many systematic uncertainties g 10 N7 N = =0 N =2 =0 N =2
. . . Q 2
driven by theory uncertainties such as tt+HF 10
via gluon splitting (largest), renormalization 10
scale, etc 1
*  Conservative choice of systematic 107"
uncertainties creates weak limit when little 102
statistics in control region part of fit o aE
*  Plus: Method expected to gain precision with Ajg“f; - - OLWJ : wI B : B
larger datasets when more statistics in control gl—o-j | } 1
regions ) D
e Data I tt ST @ EW
o tt+H,Z tH+W,XY —titt ] Pre-fitunc.
885 Post-fit unc.
VRIJE CMS arxiv 1906.02805 (36 fb")
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CMS l+jets and OS dileptons: results

* OS dilepton analysis has lack
of tttt candidate events
creating O fb limit (single
lepton has some sensitivity)

* Refitting improves also result
2016 same-charge and
multilepton and gives CMS
grand combination for tttt

cross section limits interpreted in EFT
for separate Wilson parameters (also
2D) incl. marginalization over all other

physical free parameter values
Using EFT basis recommended by TOP
LHCWG arxiv:1802.07237

Operator Expected C;/A? (TeV~2) Observed (TeV~?)

oL [-2.0,1.9] [-2.2,2.1]
0o [—2.0,1.9] [—2.2,2.0]
01 [-3.4,3.3] [-3.7,3.5]

[—7.4,6.3] [-8.0,6.8]

Expected () | Observed (1) | Expected (fb) | Observed (fb) | Signal Signal
strength (p) strength (fb)

CMS 1L+0S2L

+2.2 +20
36 fb'L 52 fb 48 fb 0 0+20fb
CMS 2016
combination 2.2 3.6 20 fb 33fb 1.4+412 13+11, fb
36 fbl
ATLAS >=3L-
" $S2L 36 fbL 3.2 7.5 29 fb 69 fb

Uy UNIVERSITEIT
BRUSSEL
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ATLAS, |+jets and OS dileptons: method

Preselection requirements

*  Dominant background is
ttbar+bbbar+jets

* The additional jets are the main
difference with ttH analysis
strategies

* ATLAS derives tagging
efficiencies in ttbar+2 jet
dominated region, verifies in
ttbar+3-4 jet region

e extrapolates from ttbar+no
extra tags to ttbar+1/2 extra
tags

* Signal region in ttbar+5 or more
jets plus 1 or 2 extra b tags

* Includes category with top-
tagged large cone jets

* Misidentification leptons from
QCD background is small and
taken from data

VRIJE

EMS +myY > 60 GeV

Requirement Single-lepton Dilepton
Trigger Single-lepton triggers
Leptons 1 isolated 2 isolated, opposite-sign
>5 jets >4 jets
b-tagged jets >2 b-tagged jets
EMSS > 20 GeV mee > 50 GeV

Imee — 91 GeV| > 8 GeV

b-tags,

Single Lepton

>4bh

3b

2b

efficiency
extraction

-validation - signal- -

[

0J
1J
>2J 5

mass-tagged
RCLR jets

source | source

1 1
66 77 8§ 9 >10
Method identical in OS dileptons

jets

UNIVERSITEIT
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ATLAS, |+jets and OS dileptons: method

*  Dominant background is RS UG LI O ST 0o SOV
ttbar+bbbar+jets e RN o
° The additional jets are the main ~ »= ER :
difference with ttH analysis 10 e "

strategies g - T L ;

* ATLAS derives tagging 2 U I LT
efficiencies in ttbar+2 jet CeevERwTERANy CiseTa e RR
dominated region, verifies in " o B
ttbar+3-4 jet region

* extrapolates from ttbar+no EON T fcor NI B o S o U
extra tags to ttbar+1/2 extra Wrombwsgmns 31 =% et
t a g S o.e? _____ it via Gl f 0_6} ..... it via CI 7

 Signal region in ttbar+5 or more 1 o ]
jets plus 1 or 2 extra b tags ERL P ]

* Includes category with top- T R S S
taggEd |a rge Cone Jets ? ’ * ° Nu?nberofkj—jets ) ? ’ * ° Nu?nberoftj—jets

* Misidentification leptons from 1(CJQJ 7007 | S |_|-I—>
QCD background is small and A e el
taken from data - 5 6 0§ 9 210

mass-tagged Method identical in OS dileptons

RCLR jets
VRIJE ATLAS arxiv 1811.02305 (36 fb™')
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ATLAS, |+jets and OS dileptons: Results

* Data-driven backgrounds plus
binned simultaneous fit to H;

* Results are compared to NLO

QCD Oy = 9.2 %29, 4 (scale) +/-

0.5 (pdf) fb

* EFT interpretation set uppper
limits on scale of BSM

* Combination with SS/multilepton

result provided, lowers upper
limit o to 21 fb

ATLAS 1L-

OS2L 36 fb! 3:6

5.1

ATLAS Dilepton @ Data

2 W7 (SM) [T + jets (data-driven)
2 120F {5-13Tev, 36.1 5" Post-fit
g

@t + HV  [JNon-tf 7/ Uncertainty

[ F
a7 v/, 70.3b,0J 7j,24b,0J =8},3b,0J =8j,24b,0J
80 & Y 40} B Y
2
60 0 30
15 F
40F E F 7,
0 10F 20; I
20F s 1oj F

gwww%%% sy ///V// % 4%% %

059 500 1000 500 1000 500 1000 500 1000 7500
H [Ge v1 H™ [Ge v1 H™ [Ge v1 2 [GeV]

(@)

ATLAS Dilepton # Data

20F W (TtT (SM) [T + jets (data-driven)
{s=13TeV, 36.1 fb" Post-fit

@t + HV  [JNon-tf 7/ Uncertainty

Events / bin

7j24b,21J

28j,3b,21J % 8j,24b,21J
E 8f
E 6
20 E
E 4 }
107 E

P

.0

Q125 j ,

M iy / i
LA P W G

g 08 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000 0 500 TOOO 1500 2000 2500

H [GeV] I [GeV] HE [GeV]

Single lepton has analogue distributions

33 fb 47 fb 17 +1.9 1.7 15'6+17.5-15.6
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ATLAS, |+jets and OS dileptons: Results

Single lep. / OS dilep.

SS dilep. / trilep.

Combined

* Combination with SS/multilepton

—_—
ATLAS

L L L I B
{s=13TeV, 36.1 fb"

{ttt (SM)

E== Expected = 10
--- Expected = 20
—— Observed

e Expected (u 1)

6 8 10

95% CL limit on u = o™/ o™,

result provided, lowers upper

limit o to 21 fb

—_
ATLAS

UL L IR B L
{s=13TeV, 36.1 o™

— tot. {Ttt (SM)
—— stat.

tot (stat syst)

Single lep. / OS dilep.|  —ommm 1.7 95 (99 59
SS dilep. / trilep. o 44 TR (5 108
Combined O 3.1 05 (708 09)

e b by by s by by by by by

2 0 2 4 6 8 10 12 14 16

3 HI “

; Tl T
Best-fit u = o/ o™

<
£ o0s

K ek 2w
I 777 WW%%/%W%%

& °°0 500 1000 1500 2000 0 500 1000 1500 2
H™ [GeV] Hia

000 0 500 1000 1500 2000 0 500 1000 1500 2000 2500
“ [GeV] Hipd Hi* [GeV]

Single lepton has analogue distributions

SM tttt limits | Expected Observed Expected Observed NGE] Cross section
(O =9.2fb) [ limit (u) limit (p) limit (fb) limit (fb) strength (p) (fb)

ATLAS 1L-
OS2L 36 fb!

VRIJE
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33fb 47 fb

17+19 17 15. 6+175

ATLAS arxiv 1811.02305 (36 fb'")
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CMS SS/multi-

Ieptons strategy

* Analysis in same-charge and
multileptons

* So dominated by ttH, ttZ/ttW and

* Uses simultaneous fit in multiple )

misidentification backgrounds

lepton flavours and b-tag, jet
categories

Dominant uncertainties:
* modelling of SM backgrounds
* Data-driven charge-

137 fo~' (13 TeV)
% 103 Cut-basad (post-fit)
> { Data Nonprompt lep. N Charge misid.
w - WA N - Xy
SN mmm ttW e Rare - TV

-t
o

CO=NwW =

Data / Pred.

misidentification estimates W BOT (post)
o { Data Nonprompt lep. s Charge misid.
* knowledge heavy flavour tt+HF s — —
[ 174
* Boosted Decision tree to get
optimal sensitivity h
e Substantial improvement over 10°
cut-and-count approach but is o
available for recasting tools 59
CE(]).. 4 },,‘,,, PO S | ',,,,A,,,,‘ L//,‘,-//_/’ L
VRUE CMS arxiv 1908.06463 (137 fb") 8 jEPRigErEgeeizzeec:
UNIVERSITEIT
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CMS SS/multi-leptons: results

* Significance of BDT analysis has 2.6 standard
deviations significance (2.7 expected) over
background-only hypothesis!

* Combination with other channels planned — stay
tuned

* Although not “officially” significant yet, main result is
O With about 45% uncertainty

* Agrees well within uncertainties with NLO QCD+EWK
value of 0,,=12.0"22, . fb (Frederix et al arXiv:1711.02116)

CMS
SS2L+>=3L 22.5 fb 12.6 *58_.fb

137 fb!
VIKIVE N
UNIVERSITEIT
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CMS SS/multi-leptons: interpretation y,

* About 20% of tttt production g
diagrams contain H, and y,
has substantial influence on

Va|ue Ottt cms T — 137 b~ n?m‘.
* Oyy=12.6 7% _5 ,fb | e bpiaaaosons
measurement used il
according to Cao et al, :
arXiv:1602.01934 i /

* ttHis included in background
so scaling is not obvious

* Most conservative scenario
| yt/ytSM | < 17 at 95% C I— 00’0- o .0'5' o 'I'O.A- N '1'5.14.'.2'6'- --'2'5." ’

. SN
l)'l fye |

VRIJE CMS arxiv 1908.06463 (137 fb™
UNIVERSITEIT l !
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CMS SS/multi-leptons: interpretation other BSM

CMS 137 b7 (13 TeV)
95% CL observed exclusion regons
it Veclor Z7
15 AN Scalw ¢
'18; SOOONSONNNN
g LA Y
z 10
3
T
g
&
<05
0.0

50 100 150 200 250 300
mg or mz (GaV)

Treat SM tttt as background
see how BSM tttt Z’ (or ¢)
enhances gives competitive
limits at low masses

Complementary to high mass
ttbar resonance searches and
competitive to direct
searches sensitive to SM
interference/spectrum
modifications

VRIJE
UNIVERSITEIT

aipp = (L1W,5q) + H) x BR(H - 1) (1b)

e 2HDM (type ll) limits on scalar and pseudoscalar

CMS 137 17" {13 TeV) CMS 137 177 {13 TeV)
100 100

$5% CL upper limins 5% CL upper liminy

o~ Olrairved

a -~ Obtsarved
_ Madan eechd, =1 and 22 Ouervvent - _— Madan expachd, =7 and 22 0., ervvent
B0 — s zHOM, tang = 1) ’: 801 — Ofan % (2H0M, tanf = 1)
— QA (DM, 11y, = 600 GHV, Gasy ™ Jpme = 1) < —— Ol ¥ DM M, = 600 GeV. gou = gou = 1)
60 1 o 60 .
=3
+
g
z
=
t
(=8
S
)
- v ~ - v 1] - v - - v
400 450 B00 550 600 850 350 400 450 800 550 600 850
my (GeV) my (GeV)

CMS arxiv 1908.06463 (137 fb™’
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Other indirect y, measurements:
ttbar differential cross section

* Top quark pair production at roovoesuse) %
threshold is sensitive to A r LTI r
exchanges virtual particles gy &
including H > o i

* Precision differential R . B
measurements can indirectly 3 L
constrain top Yukawa this way ¢

* CMS uses full reconstruction of P,
top quark palr SyStem and | ;66 600 800 ‘1‘0‘0(')'1'20 100
interprets kinematics (rapidity, My GV
pT, invariant mass, jet - L owps_ smevliamey
multiplicity) of top quark pairs o b =,
in lepton+jets channel to s F Spsdoe
compare to vy, & eof Qi et

* Results: 20

SM| = +0.34
© yyeMI=1.074934 g 43 S5 18 —
. . 177777 77 %%
© Upper limit |y,/y"| < 1.67 AP
0 50 100 150 200 250 300 350 400 450 500
\/RIJE(95A) CL) CMS arxiv 1907.01590 (36 fb1) p,(th) [GeV]
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w_esh‘;f‘oi?fé"iee«sag" New ATLAS result:

* Basic selection
* 2 same sign charged leptons
*  OR>=3charged leptons
*  >=4 jets, >=1 b-jets
* Backgrounds come from top quark pair
production + extra objects

* Possible to gain extra leptons from jets

77 Uncertainty

> L L L B

G qpol- ATLAS Preliminary #-Data [ttt ]

-~ - - -1 ) 3

S [ (s=13TeV, 139 fb Otw ()74

- | CRttbarCO2| WtiH [JQ mis-id

E 100~ Post-Fit OHF e @ Mat. Conv. |

o N WHFy  Mlow-masse'e |
[ Others [ttt

mimicking leptons I
* "fake” background determined in side band EI s annsi St
* Shapes determined from simulation oo TeT 0w 0 e 03 0% o
* Free parameters: o BOOC T
*  Fake electron from HF g 180 BotoTev. toont Citw E s
* Fake muon from HF L ey R
* Material conversions @ 140 B MLowmass o]
* Internal conversions 77 Uncertainty E
* ttW production known to be poorly ttWCR: |
normalized in simulation so left free when fgg?o?]fm
fitting data
Parameter | NF,;w NFco NE,- NFyre NFyr,, E o
Value 1.6£03 1.6+0.5 09+04 08x04 1.0£04 & % s
100 150 200 250 300
=p! [GeV]
»y UNIVERSITEIT
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ﬁesh;ifli?fé’l«eewag° New ATLAS result:

Signal region, SS/ML plus:

2 140r T — T T
© >=6jets, >= b-jets, HT>500 GeV E of foatevimn Gin @z ]
I BDT>0 WttH []Q mis-id
H M [ Post-Fit [MHF e @Mat. Conv.
Train BDT to separate signal ' By Biovnessse]
- [ Others [ttt 4
70 —_— —— —_— —— — 80-— 7.Uncertainty .
from baCkg rou nd ‘aTLAS II=’reIiminary| +Data .tftfl I i ]
. . 60k Vs =13 TeV, 139 fb™! Otw th‘ A = i ]
Simultaneous fit to BDT and e Erre M com.
. 50— WHF u [l Low-mass e'e ]
control regions for backgrounds | moters Bt z
40~ ertainty 3
not-so-well modeled by : ;o
. . & 1.25F 3
simulation _
8 o0.75E E
05t 1 3
- 2 3 =24
o_ :l T | LB I 1T I T T ‘ T T | LI l T l7l7| T T ] T T Numberofb‘tagged]ets
= I ATLAS Preliminary - Data M tttt E
£ 10tk (s=13TeV, 139 1" [Jttw mtiz -
& = SR Mt []Q mis-id EQ
T Post-Fit [mHF e [l Mat. Conv. o
10% WHF n BMLow-mass e'e - &
E @ Others [ttt E ) ) ) . | L3
7/ Uncertainty ] 0932 14 16 18 20 22
102 Sum of b-tag scores
H L] +
* Cross section: 24 +7 . fb

* Significance: 4.3 o observed

L oo e ] = Significance: 2.4 o expected
: wﬁ»ﬂq 4ptt4ttage o Consistent with the SM prediction at 1.7 o

—%.8 06 04 02 0 02 04 06 08 1

BDT score
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What about four-tops in the future?

300 b1 5 s.d. signficance Stat uncertainty
4 s.d. significance
(deterioration with
syst uncertainties)

3abl Uncertainty xsec 11% Uncertainty xsec 9%
(dominated by (stat only) to 28%
stat.uncertainty) (current

syst.uncertainties)

CMS Projection 14 TeV

" tttt production at HL-LHC

B Stat. Uncert. only

- Run 2 Syst. Uncert.
10 —— YR18 Syst. Uncert.
[ eeeemenee YR18+ Syst. Uncert.

)

Expected Significance (s.d.

| L L L |

1o Integrated 1Loljminosity (o)
Projections SS dileptons/multileptons:
ATLAS ATL-PHYS-PUB-2018-047
CMS PAS FTR-18-031
See also the HL-LHC/HE-LHC Yellow Reports

VRIJE

ATLAS projection includes a full analysis for 3
ab1at HL-LHC (sqgrt(s)=14 TeV) in SS
dilepton/multileptons
* Includes simultaneous fit in multiple tag/jet
multiplicity categories, discriminating variable
Hr
CMS projection is scale-up of 2016 SS
dilepton/multilepton counting experiment
analysis for HL-LHC and HE-LHC
* Includes EFT projections and various scenarios
regarding systematic uncertainties also
expected cross section uncertainties at HE-
LHC

* 1% exp. uncert. on xsec with full HE-LHC
sample
General conclusion: need about 300 fb! to
get statistical significance up to 5 sigma
depending complexity analysis
Systematic uncertainties depend on
experiment
e ATLAS binned likelihood fit: not very
important

* CMS counting experiment: become important
at large integrated luminosities
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Summary

Production of four top quarks is being actively examined by ATLAS and CMS collaboration.
O iIn SM (NLO QCD+EWK) 12 fb, and very sensitive to modifications from BSM

fAbT_lLAS 11-0521 36 3.6 5.1 33 fb 47 fb 17419 4, 15.6"175 156 fb

ggﬂ be_clombmat.on 2.2 3.6 20 fb 33 fb 1412 14 1374 fb

CMS >=31-552L -
R 22.5 fb 12.6 %58 _g,fb

?;-;A_fz_?=3L_SSZL 2.0*12 1.0 ((Stat) +0.7 —05 (SySt) 24 +7_ 6 fb

« With large LHC Run 2 dataset, ATLAS sees first observation of production
of four top quarks!
« Evidence of 4.3 standard deviations observed
(2.4 standard deviations expected significance)
« With similar size dataset, CMS had 2.6 standard deviations excess in 2019
(2.7 standard deviations expected significance)
* measurement of Aoy /0~=45% means CMS could constrain |y/y;SM| < 1.7
at 95% C.L.
« Collaborations are interpreting oy beyond just the SM value, in EFT and various
BSM models
« HL-LHC: single channel observation possible at 5 standard deviations (in

VRIJE multilepton/SS dilepton channel) with 10%ish uncertainties on Oy
UNIVERSITEIT
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t at the LHC, CERN
2016-May-29 22:35:55.226560 GMT
: 274199 / 548714092 / 285

Thanks
for your
attention

Many more high multiplicity to

physics results in the future




