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Why again Zbb?

el

L

® NLO(+PS) predictions available since long time ago
Frederix et al, arXiv:1 106.6019, Campbell et al, 1 107.3714, Krauss et al, 1612.04640

® Not a rare process: measurements possible already at 7 TeV
CMS: arXiv:1310.1349, arXiv:1402.152 |, ATLAS: arXiv: 1407.3643
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UPMC

Motivation #1:
Try to improve data/theory agreement

® 4FS description is expected to capture mass effects in a more reliable way
than 5FS computations
® But the data/theory agreement is rather bad for the 4FS
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Lim, Maltoni, Ridolfi, Ubiali, arXiv:1605.0941 |
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Relative uncertainty [%]

L pr: run 1 measurements have already reached 0.5-17

Motivation #2:
precision

(normalised to fiducial Z cross section)
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UPMC

MOtivatiOn #2: )81 SORBONNE
precision

I
ATLAS ¢ my

® An excellent measurement of Z-pt distribution at
the LHC is crucial: Preliminary = s Uy
® Fundamental ingredient of MC tunes

80376433 MeV

®* The modelling of the W boson pr strongly relies
on the understanding of the Z pt — crucial for s PSR
the extraction of the VW mass e s
. o 80320 80340 80360 80380 80400 8042
® Z-pt measurements at Run-| already hit the 1% wall m, [MeV]
® Excellent predictions exist for Z+jet production PP Zr20let bfz20cel) ATLAS V=0TV
NLO —— NNLO — Data —— f}’!<2-4
(NNLO) ' ' T
Boughezal et al, 1512.01291, Gehrmann-de Ridder et al, arXiv:1605.04295 | :f
® Are the bottom-mass effects under control? : ”-!l-!Tlllil 1.0
66 .GeVl< nl1||<.1.16. C?e|v | | o : 82
50 100 500
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Gehrmann-de Ridder et al, arXiv:1605.04295
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Still, there are some issues...

® No single tune / tool able to describe simultaneously various
invariant-mass and rapidity bins
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UPMC

Motivation #3:
learning something for ttbb

— 1/4
® ttbb is a crucial background for i = ( ] ET) Comme= ol S B

2016
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® Theoretical uncertainties remain =
large at NLO, O(40%) :

® Sizeable spread in predictions from
different tools

* Differences mostly from g—bb
splittings from the shower
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UPMC

Motivation #3:
learning something for ttbb

Cascioli et al, arXiv:1309.5912

tth ttbb ttbb(my, > 100)
oro[fb) 26441 1L 110 463.3* 500, 100 1234330 +17%
onLolfb 32067 550 "5 o0 5601335 " s 1418100 e
O'NLQ/O'LQ 1.25 1.21 1.15
+32% +3.9% +24%4-2.0% +20%+8.1%

onmc |[fb] 3313 550, 15 9% 600550, "5 1% 181.0 509, 6 0%
oMC/ONLO 1.01 1.07 Gl | 28

With?}lt.g_’bb 025, [fb) 3299

splittings o
. o o 1.00
in the shower MG/ ONLO _

PS effects are 4x larger in the Higgs signal region than for the total
Cross section

Turning g—bb splittings off in the shower brings the effects in the
Higgs signal region to similar values as for the total cross section
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UPMC

Motivation #3:

learnine camethinc far tthh

Mass of first two b-jets (ttbb cuts)
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Motivation #3:
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learnine camethinc far tthh

Mass of first two b-jets (ttbb cuts)
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What we want to do

® Study Zbb and assess the impact of various sources of theoretical
uncertainties (scale/PDF, matching d la Powheg or MC@NLO,
parton shower, shower scale, ...)

® |nclude b-mass effects in inclusive Z production samples

® Assess the impact of b-mass effects on the Z pt distribution

® How do b-mass effects reflect on the extraction of the W mass!?

Marco Zaro, 22-03-2017 9
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o

Setup for the calculation

® Simulate the process p p = e* e" b b at fixed NLO or including

matching to PS
® Use Powheg and MG5_ aMC (Powheg results not ready yet)
® For MG5 aMC use both HW++ and PY8, with different shower

scales (~+/$ as in versions < 2.5.2, ~Ht/2 as in versions > 2.5.2)

® For renormalisation and factorisation scale, use 4 = mt(e*e’)/4
® Use 4FS PDFs (NNPDF 3.0)
® At generation, only impose m(e*e’) > 30 GeV; the analysis asks for

two hard and central leptons (pt(e*) > 20 GeV, |n(e*)|<2.5) and
close to the Z mass (Jm(e*e’) - mz| < |15 GeV)

Marco Zaro, 22-03-2017 10
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Zbb results: pt(Z)
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Zbb results: pt(Z)

101 2

O per bin |pb|

1071 |

Original Hsh (v/§ and H1/2)

e*e’bb production at the LHC, 13 TeV
pt(e*)>20 GeV, In(e*)l<2.5, IM(e*, e’)-mzl<15 GeV
NLO (+ PS)

PY8, ygp=8 —
HW-+, pgp=8 - -
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HW++, pgp=Hy/2 = =
fNLO ¢
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O per bin [pb]
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Reduced sk (+/§ and Hr/2)

e*ebb production at the LHC, 13 TeV
pt(e*)>20 GeV, In(e*)I<2.5, IM(e*, e’)-mzl<15 GeV
NLO (+ PS)
PY8, tgh=8 x0.25 —
HW-+, pgn=8 x0.25 - -
PY8, tgh=H1/2 x0.25 —
HW++, pgp=H7/2 x0.25 - -
fNLO

MadGraph5_aMC@NLO
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PY8, ush=H1/2: scale and PDF uncertainties
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UPMC

IAA1 SORBONNE

® |n all cases, the NLOPS spectra

are harder than fNLO.The
shower adds radiation



O per bin |pb|
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101

Original Hsh (v/§ and H1/2)

e*e’bb production at the LHC, 13 TeV

p1(e®)>20 GeV, In(e*)l<2.5, IM(e*, e’)-mzl<15 GeV

L NLO(+PS) i

. PY8, usn=8 — 7
HW-+, pgp=8 - -
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MadGraph5_aMC@NLO
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Zbb results: pt(Z)

Reduced sk (+/§ and Hr/2)

e*ebb production at the LHC, 13 TeV
p1(e®)>20 GeV, In(e*)I<2.5, IM(e*, e’)-mzl<15 GeV
i NLO (+ PS) 4
PY8, pn=8 x0.25 — ]
HW-+, pgn=8 x0.25 - -
PY8, ygh=H1/2 x0.25 — T
HW++, pgp=H7/2 x0.25 - -
fNLO

| PRI R R S NS S S R il

MadGraph5_aMC@NLO

- Ratio over fNLO

- PY8, leh=/S\ scale and PDF uncertainties 7]

N scale unc. PDF unc. = N
I L. I R

- PY8, ush=Ht/2: scale and PDF uncertainties 7]

» scale unc. PDF unc. === N
N N N N N N N N | N N N | N N N N N N N N

100 150 200
p1(2) [GeV]
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® |n all cases, the NLOPS spectra
are harder than fNLO.The
shower adds radiation

® This effect is the largest for PY8
with Psh=+/5 (up to 100 GeV)
and HW++ with Psh=+/%



O per bin |pb|
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Original Hsh (v/§ and H1/2)

e*e’bb production at the LHC, 13 TeV

p1(e®)>20 GeV, In(e*)l<2.5, IM(e*, e’)-mzl<15 GeV

L NLO(+PS) i

. PY8, usn=8 — 7
HW-+, pgp=8 - -
PY8, ygh=Hr/2 — 1

HW++, pgp=Hy/2 = =

fNLO +

MadGraph5_aMC@NLO

- PYS8, ush=’s\ scale and PDF uncertainties

scale unc. PDF unc. =
] [ L

PY8, psh=H1/2: scale and PDF uncertainties
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Zbb results: pt(Z)

Reduced sk (+/§ and Hr/2)

e*ebb production at the LHC, 13 TeV
p1(e®)>20 GeV, In(e*)I<2.5, IM(e*, e’)-mzl<15 GeV
- NLO (+ PS) __
PY8, pn=8 x0.25 — ]
HW-+, pgn=8 x0.25 - -
PY8, ygh=H1/2 x0.25 — T
HW++, pgp=H7/2 x0.25 - -
fNLO

| PRI R R S NS S S R il

MadGraph5_aMC@NLO

- Ratio over fNLO

- PY8, leh=/S\ scale and PDF uncertainties 7]

L scale unc. PDF unc. me=
l [ L

- PY8, ush=Ht/2: scale and PDF uncertainties

» scale unc. PDF unc. ===
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® |n all cases, the NLOPS spectra
are harder than fNLO.The
shower adds radiation

® This effect is the largest for PY8
with Psh=+/5 (up to 100 GeV)
and HW++ with Psh=+/%

® Predictions with lower values of
Ush (HT/2 or /§ x0.25) are very
similar

® Up to pt=100 GeV, PY8 with
Ush=-/8 and with Psh=+/§ x0.25
represent well the range of PS
effects



Original Hsh (v/§ and H1/2)

-y
o
o

e*e’bb production at the LHC, 13 TeV
pt(e¥)>20 GeV, In(e¥)I<2.5, IM(e*, e’)-mzl<15 GeV, =1 bjet
NLO (+ PS)

PY8, ygn=8 — 1
HW++, pgh=8 - -

PY8, pugn=Hr/2 —

HW++, pgh=Hr/2 = = 7

10"
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o
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Zbb results: pr(Z) with >1 b

(anti-kT, R=0.4, pt>30 GeV, |n|<2.5)

Reduced sk (+/§ and Hr/2)

e*e’bb production at the LHC, 13 TeV
pt(e¥)>20 GeV, In(e¥)l<2.5, IM(e*, e’)-mzl<15 GeV, =1 bjet
NLO (+ PS)

HW-+, ugh=8 x0.25 - -

HW++, pgn=Hy/2 x0.25 - -

PY8, tgh=8 x0.25 — |

PY8, pgh=H7/2 x0.25 —— -]
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jet

® Going more exclusive,
differences between showers /
shower scales grow as large as
(or larger than) scale
uncertainties

fNLO fNLO

® Effects both on shape and rate

O per bin [pb]
O per bin [pb]

—
<
—
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Original Hsh (v/§ and H1/2)

Zbb results: m(b;b>)

(anti-kr, R=0.4, pr>30 GeV, [n|<2.5)

MadGraph5_aMC@NLO
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[ ete’bb production at the LHC, 13 TeV
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o per bin [pb]

Reduced sk (+/§ and Hr/2)

109 ¢
etebb production at the LHC, 13 TeV
pt(e®)>20 GeV, In(e*)l<2.5, IM(e*, e’)-mzl<15 GeV
NLO (+ PS)
PY8, ygn=5 x0.25 —
HW-+, pgp=8 x0.25 - -
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® As for ttbb, very sensitive
observable w.r.t. the different
showers

® Large shower scales bring +40%
effect wrt fNLO at 150 GeV



@ Include b-mass effects Yo Me

in inclusive-Z samples

® Heavy quarks give distinctive contributions to Z-boson
production

® |n an inclusive (5F) Z-boson sample, two kind of
contributions lead b quarks / B hadrons in the final state:
® Backward evolution of the bb-initiated process —
® Final-state g—bb splitting

_«
® The description of both contributions can be improved by\Cmﬁ<

using the Zbb 4FS calculation, where they are described at
the ME-level 1

® Combination: take the 5FS computation, shower the ,\/\/\/\/\/
events and veto all events which have B hadrons in the /

final state. Then add the Zbb calculation in the 4FS
® A similar strategy has been proposed to generate an

unified sample for tt (+jets) and ttbb Moretti et al, arXiv:1510.08468
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The b-initiated contribution®
to the Z pr in various approximations

10° ¢

- e*e” production at the LHC, 13 TeV

[ p1(e%)>20 GeV, In(e®)I<2.5, IM(e*, €)-mzl<15 GeV ]

L, NLO + Pythia8 (b-only and 4FS rescaled x10) | Flavour decomposition of the 5FS cross section
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Ratio over 5FS

Bottom-mass effects
on the Z-boson pt

1.1

1.05

0.95

0.9

 +2%

" e*e” production at the LHC, 13 TeV
| pr(e®)>20 GeV, In(e®)I<2.5, IM(e*, &")-mzl<15 GeV
NLO + Pythia8

5FS,noB - -

5FS, no B + 5FS b PDF only - -

5FS, no B + 4FS, PY8, =812 —

5FS, no B + 4FS, PY8, yg,=5"2 x0.25 —
5FS, no B + 4FS, fNLO «

Effect of vetoir;g -
B hadrons in the
5FS_simuIation

MadGraph5_aMC@NLO
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B hadrons from
final state splittings

B hadrons from
PDFs backward
evolution

® Effects are rather small, but have impact on the small-pT shape
® fNLO has a flat, slightly negative effect

Marco Zaro, 22-03-2017

|6



UPMC

Bottom-mass effects =
in the m(e*e”) and nN(e*e’) bins

%pT(e*)>20 GeV, In(e¥)l<2.5, 66<M(e*,e’)<116, O<In(e*,e)l<0.4
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® b-mass effects remain very small in all bins
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D - . UPMC
Estimate of the impact on ™=

the extraction of mw

® Comparisons between Z-pt predictions and data are used to
extract non-perturbative parameters (NPPs), encoded e.g. in parton
showers or hadronization models

® These NPPs are also used for other processes like charged-current
Drell-Yan.

® The propagation of their uncertainties affects the extraction of
quantities like mw

® We assume that:
® the fit of NPPs is equally good when the standard (5FS) and our
‘imporved’ predictions are used
® the NPPs do not depend on the energy (at least they do not change
between mw and mgz)

® Under these assumptions, changes on the Z pr are reflected on the
W p1.What is the effect on the extraction of mw!

Marco Zaro, 22-03-2017 |8



UPMC

IAAR1 SORBONNE

Strategy:

1.1

| e*e production at the LHC, 13 TeV
pt(e*)>20 GeV, In(e*)l<2.5, IM(e*, e’)-mzl<15 GeV
5FS,noB - -
5FS, no B + 5FS b PDF only - -
5FS, no B + 4FS, PY8, g,=812 —
5FS, no B + 4FS, PY8, yg,=812 x0.25 —
5FS, no B + 4FS, fNLO

® Generate a sample of p p = e* ve events
® Reweight the p7(W) distribution using the wsf

improved p1(Z) predictions |
® Fit mw using the reweighted predictions by using

Ratio over 5FS

+ miss . e
pt(e’), Er™* and m1(WV) oss| Tt
1 1 : - . :§
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Results of the fit
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MadGraph5_aMC@NLO
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The transverse mass show the smallest sensitivity with no visible shift
The preferred values of pt(e*) / Et™ are shifted up to +7/10 MeV (NLO+PS with
the highest shower scale)
A ‘reasonable’ shower scale gives an effect of +4/5 MeV on pr(e*) / Ex™iss
The fNLO calculation, due to the lack of radiation, gives a shift which is even of the
opposite sign; PS effects are important

® Take these numbers as indicative ones, as inputs to perform a real analysis (e.g. with
true fits of NPPs using our ‘improved’ description)

® Some preliminary results with Powheg seem to confirm the trend
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Conclusions

® /bb remains a very interesting process to investigate at the LHC

® Sizeable spread in predictions from different tools and matching
techniques, often larger than TH uncertainties

® We have shown a technique to improve the description of inclusive
Z-boson production sample by including bottom quark mass effects

® Bottom mass effects on the Z pt spectrum remain small

® Their inclusion leads to a shift on the W mass of the order of ~5

MeV. Further studies (possibly taking into account charm effects)
are welcome!
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