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W and Z production in Drell-Yan processes

Drell-Yan di-lepton production of W and Z bosons offer
clear signature, large statistics, and small background

Benchmark for understanding of QCD processes

Test of state-of-the-art theory predictions: fixed-order
perturbative QCD and parton shower models

Probe of proton structure (sensitivity to PDFs)
High precision SM tests and extraction of SM parameters

q

Background for other measurements and searches (BSM, Higgs, top,...)

/ Today’s presentation:

> Z double differential (p;, | y|) cross section at 8 TeV
> p% and p}” at 5 and 13 TeV with low pile-up data

\ > W/Z cross sections at 13.6 TeV

Eur. Phys. J. C 84, 315 (2024)

arXiv:2404.06204

> Reanalysis of 7 TeV data for the 7 mass determination arXiv:2403.15085

Phys.Lett.B854 (2024) 138725 /

~



https://link.springer.com/article/10.1140/epjc/s10052-024-12438-w

Z double differential (p;, | y|) cross section

5D differential cross section decomposed as a Angles defined in the  / (R Qi 4%
sum of harmonic polynomials P(cos0,p) times Collins-Soper Frame

>

polarization coefficients 4, -(p,4 )% mZ). / o P/

/ - T aoUL \ . 20.8 fbl, /s = 8 TeV, i ~ 20
dpZ dyZ dm” dcos6 dp  167\gpZ dyZ dm?  Analysis derived from JHEP 08 (2016) 159
« Three Z — ¢~ channels: eecc, puucc, eecr
« C:|n?| <24; F:|n’|>24
* 80 <my,, < 100 GeV (Z pole)
+% A, sin? @ cos2¢ + Az fin6 cos ¢ + Ay cos @ Main Backgrounds:

S e Physics: tf, Wt, Dibosons, Z — 7 (from MC)
QAs sin“ @ sin2¢ + Ag sin 26 sin¢ + A7 sin6 sinﬂ/ « Multi-jet and W+jet (CC~0.1%, CF~1.0%):

/ estimated with data-driven methods

1
{(l +c0529)+;A0(1 —3cos‘/H) + Ay sin26 cos ¢

. Unpolarizeé cross sections and A; from profile likelihood fit to truth-to-reco templates
obtained in the full lepton phase space
* Measurement of 4; consistent with 2016 publication (update in the forward region)

2
. 2D differential at the Z pole, up to |y|<3.6 thanks to forward leptons

dprd|y|
* Precise measurement of o, ( arXiv2309.12986, see talk by E.Conroy on Tuesday)



https://arxiv.org/abs/2309.12986
https://agenda.infn.it/event/37243/contributions/231283/attachments/122030/178144/atlas-QCD@Work_talk.pdf

Z double differential (p, | y|) cross section

« Joint fit of the cross section and angular coefficients

bkgs
Nip(A, eV B,y) = {Z o X Lx } X"+ Z T (B)

« n:(cos, @) bin; i: (pr, |y|) bin. Fitting parameters: o U+L , A, and nuisance parms (f and y)

15 () + Z Aij X 15(B)

Ji°
Absolute 2D differential cross section Cross section ratio to most central |y| bin
* Statistical uncertainty dominates « pp distribution softer at higher rapidities

- From 0.6 -> 1% for CC; 3% for CF

- Expected and well reproduced by MC
- Overall 1.8% uncert. from luminosity not included
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Comparison with predictions EiSEICUDER

1 do
——— integrated over |y[<1.6 integrated over p
o dp T
r . . . d|y|
* Compared to various gy resummation calculations at . gmajer experimental and theoretical uncertainties
N4LL, matched with N3LO pQCD MCFM/NNLOJET . No dependence on gy resummation (after p; integration)
S SRR T N ——  Default simulation uses DY tursotMCFM+ aN3LO
g%fo.oel —e-Data ] 1’ PDF set
- r* stat. @ syst. — .
b T - ] * -0.4% correction due to ISR QED and NLO EW
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e 0o T e ] 3 = s o=8TeV, 20210" + 1+ Comparison between
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I A . - ) i ] sets
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< 11 == RadISH © == SCETIib ]
s - S e e 095 L -1 for MSH20 and CT18A
: B " ool ] 7 NNLO QCD + NLO EW 1« Some shape deviations
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» Agreement within theory uncertainties T B TR R TR R

 2-3% difference in the p; peak region

Total cross section (for |y|<3.6):
o, = 1055.3 = 0.7(stat.) £ 2.2(syst.) = 19.0(Jlum.) pb




Measurement of W and Z pr at s = 5.02 and 13 TeV
© Data from 2017 and 2018 dedicated runs at low pile-up (n~2)

e 255pblatVs=5.02TeV; 338 pblatVs=13.0 TeV

e Measured: p; for W, W—, W*, Z and their ratios WH/W~, W/Z

e Event selection:
o pL>25GeV, |n,.l<24
o W:my;>50GeV; EM*S > 25GeV; 2 lepton vetoed
e Z: 66 <my; < 116GeV

| W—ev W—ouw Z—ee Z — up
Vs=13TeV | 22x10° 22x10° 1.7x10° 2.1 x10°
Vs=5.02TeV | 7.1 x10° 7.5x10°> 52x10* 7.0 x 10*
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® Backgrounds:

e EW (single-, di-bosons, top,..)
from MC

e QCD multi-jet: data driven

® Spectra unfolded using Iterative
Bayesian Unfolding method



Results: p, distributions [arxiv:2404.06204]

DY Turbo + PDFs Parton showers e .y
N Distributions compared to predictions:

Z [ L aAmas 3 2 e amas
p o) V/$=5.02TeV, 255 pb—' ] O, V/5=5.02TeV, 255 pb~' 7
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W+/ W ratio at 13 TeV
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W+/ W~ ratlo at 13 TeV
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Results: p, ratios

W+/Z ratlo at 13 TeV
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arXiv:2404.06204

Z ratio “13/5” TeV

\
E ATLAS
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 Ratios take advantage of systematic uncertainties

cancellation

* More stringent tests of model predictions
» All models agree with data within ~5%

* Good agreement with AZNLO tune also for ratios

D@Wo 024




Measurement of the W-boson mass and width [DXGEENBEIE
e my, value precisely predicted by global EW fit of the SM

parameters, with an uncertainty Amg,w ~ 6 MeV ,  mg Adror
, mi=—=2 |1+ [1———— (147
e A precise measurement (Amve‘fp <10 MeV) would allow to 2 G, \/5 m3
probe SM consistency and seek for New Physics effects NP would hide here

e Measurement performed by fitting pf and mf” :

e Then combine the two results (combine also e and i samples)
e p.: more precise for my, but more sensitive to p, and PDF details
o m.”: better for measuring I'yy,

= (ve)

This analysis:
- ~4.5fb~1 at 7 TeV (same as previous analysis [EPJC 78 (2018) 10])
- Use of profile likelihood fits

- Include uncertainties as nuisance parameters
- Systematics uncert. on PDF, PS, and A; significantly improved

Unc. [MeV | | Total Stat. Syst. | PDF A; Backg. EW e u wupr Lumi Iy PS

p% 162 11.1 11.8 | 49 35 1.7 56 59 54 09 I - S
244 114 21.6 | 11.7 4.7 4.1 49 6.7 60 114 .25 .02 24
QR8s lheS sl 3] 2.0 54 .6.0. .54 22 ‘




Measurement of the W-boson mass and width

® A dependence on PDF choice is seen PDFset | Combined my [MeV]
5 CT14 80363.6 = 15.9
® CT18 chosen as the baseline cT18 8036654159 ) > -
5 1 . CT18A 80357.2 £ 15.6 2 ()
e Combined result: MMHT2014 | 803662+158 ¢ = S
_ MSHT20 80359.3 + 14.6 — N
my, = 80366.5 = 9.8(stat.) £ 12.5(syst.) MeV  ,ucoar1 | sosersx 166 N o
e Consistent with superseded measurement. NNPDF31 80349.6 £15.3 Largest deviations
NNPDF40 80345.6 = 14.9
o Total rtaint d dbv ~3 MeV from NNPDFxx
otal uncertainty reduce ~3 MeV. . :
Ovenviow o mzmsmm 2l First measurement of I'y, in ATLAS
| cromeen,  [ATLAS | aleess : 4 2
I TERE ot aant e Same strategy as for my,: profile LH fits to p; and m;”.

e my, nuisance parameter (fixed value from EW global fit)

e Strong dependence on myy, value: Al'y, = — 1.25Amy,
I'yy = 2202 + 32(stat.) £ 34(syst.) MeV

Overview of ', measurements

: ik ATLAS '
EEE Rz | @Measuomen f A V57 TeV, 4.6 "
Slal, Unc. :
ATLAS 2024 [l Total unc.
e 50887 4 16 MoV .SM Prediction : f
AAAAAAAAAAAAAAAAAAAA 80200 80300 80400
myMevl | fEEER. | TS e
® Consistent with previous measurements, ‘
: 1 5 P 100 (2008) 071801 .Stat. Unc. H
the exception of CDF result R i I . -
C— .is M Predicton
O111 | l‘\ een 777777777777777777777 1500

r,, [MeV]



Vector boson production at 13.6 TeV

« 29.1 fbl, \/E = 13.6 TeV, collected in 2022 (initial RUN 3 data set)

 Test theory predictions at a new center-of-mass energy
e Early validation of detector performances and software

e Measurements:

 Inclusive fiducial&total cross sections: o” and 6%
* Ratios: V16" 6V 6%, and 67 IV
 ¢'" from ATLAS PLB 848.138376 (test the proton’s parton content)
» Comparison to theory (NNLO + NNLL QCD and NLO EW accuracy), with different PDF sets

+ —
WGW

ATLAS
Vs=13.6 TeV, 29 fo"! - Total uncertainty (w/o luminosity)

- Total uncertainty

@ CTi8
@ CT18A

A MSHT20
¥ NNPDF4.0

A ABMP16

O PDF4LHC21 1
O ATLASpdf21 -

nner uncert.: PDF only) ]

Fiducial cross section extracted with a binned profile likelihood fit
e Total cross section: 6" = ¢/1¢/A, where A is the acceptance

e Dominant source of uncertainties:
e W=: luminosity, multijet background
e Z: luminosity, lepton efficiency

Good agreement with predictions, though
ATLASpdf21 and NNPDF4.0 tend to give higher
cross sections in all cases




Vector boson production at 13.6 TeV

Cross-section ratios

LAAT4 W=*/Z tTIW*
TYVY‘TTTY‘YTYT{TTYT T TTTT‘TTTT‘TTTT{TTTT{TTTT ‘TTTT‘TTTT‘TTTT
ATLAS ATLAS ATLAS
(s =13.6 TeV, 29 fb’ /s = 13.6 TeV, 29 fb" (s =13.6 TeV, 29 fb™!
. Data (stat.® syst.)
. Data (stat.® syst.) . Data (stat.® syst.) o CT18
u CT18A
®CT18 e CT18 A MSHT20
m CT18A u CT18A v NNPDF4.0
4 MSHT20 A MSHT20 o PDF4LHC21 (mt=171 .5 GeV)
¥ NNPDF4.0 v NNPDF4.0 o PDF4LHC21 (m‘=172.5 GeV)
© PDF4LHC21 o PDF4LHC21 « PDF4LHC21 (m!=173.5 GeV)
0 ATLASpdf21 o ATLASpdf21 o ATLASpdf21
4 ABMP16 & ABMP16 & ABMP16
L v b L L I T N T (Inner uncert.: PDF only)
1.35 14 1.45 11.5 12 12.5 13 v b by

—ofid | fid
Ry =0w: / o

_ fid fid
R,.- = w*loz

W*/Z

0.13 0.14 0.15 0.16

— fid fid
Rﬁ/w* =04 / Ow-

» Ratios benefits from cancellations of some systematic uncertainties

* Good agreement with SM predictions for the W/Z ratios

« Slightly lower than predictions for t7/W ratios —
« important uncertainties from ¢7 modelling

T ————

Fabio Anulli - Drell-Yan processes at ATEAS — QCD@Work 2024



Summary

The high quality of collected data allows for precise measurements of SM processes

Drell-Yan processes are a powerful tools to:
test state-of-the-art theory predictions
study the proton structure

measure precisely SM constants to probe the consistency of global EW fits and of
different BSM scenarios

We’ve presented a variety of measurements with different data sets
Revised W-mass measurement with 7-TeV data
2D differential cross sections with the Run2 at 8 TeV (also A, sin 0y, and a,, not shown here)
Dedicated low-pileup Runs at 5 and 13 TeV, for p}/ measurements
Study of vector boson production in association to HF jets at 13 TeV
First studies with RUN3 data at 13.6 TeV
Many more results from ATLAS on the way!
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Angular coefficients in Z-boson production

Motivations:

* Spin correlation between initial quarks and decay leptons

Probe fixed-order QCD predictions
* Probe parton-shower approach
* Ingredient for future precision EW measurements

5-dimension differential cross section decomposed
as a sum of harmonic polynomials P(cos6,¢) times
polarization coefficients A, ,(p,%,y% m?).

Unpolarized cross section

\ﬂ
do 3 doU+L \

dpZ dy? dm? dcos6 dg  16n dpZ dy? dm?

1
{(l +c0529)+5A0(1 —3c0529)+A1 sin 260 cos ¢

1 . .
+- A, sin? 0 cos2¢ + A; sin® cosd + Ay cosb

—_

QAS sin2@ sin 2¢ + Ag sin26 sing + A7 siné sinw

27 September 2016, Urbana F. Anulli

Angles defined in the
Collins-Soper Frame

* A, Transverse polarization

* 4, Longitudinal polarization

* A, interference between T and L
polarizations

* A; and A, sensitive to the Weinberg
angle

* LO: only 4, different from zero
* NLO: A4,-A4, non zero,
* A,=A, (Lam-Tung relation)
* NNLO: also As,Aq, A slightly
different from zero at large p*
*AgF A,

13




Measurement of the W-boson mass  [ESEZZENETEE

e A dependence on PDF choice is seen PDFset | Combined my [MeV]

e CT18 chosen as the baseline g :g ggggggi}gg > _

e Final result: CT18A 80357.2 + 15.6 S é)

my, = 80366.5 + 9.8(stat.) = 12.5(syst.) MeV m"HHTTZZOOM Sgggggiﬁg = R

e Consistent with superseded measurement. Aaopdizl | 303676268 L clviations
Total uncertainty reduced by ~3 MeV. NNPDF40 80345.6 & 14.9 from NNPDFxx

Overview of m,, measurements

7777777777777 T [ T — T — T T T T T T T T T T T T
SE, | ATLAS = S Fatds [ e eener ]
! {s=7TeV, 461" ¢ 80.5— B m, =17252 = 0.33 GeV ]
B oomrms | l_.g - - my=125.11=0.11 GeV -
Phys. Rev. Lett. 108 (2012) 151804 o . s 68/95% CL of m,, and m, N
m,, = 80375 = 23 M E —Thls w ' —
80.45 ]
- -~
CDF (Run 2) Cmeasurement m; LHC average _.--7
Science 376 (2022) 6589 ] - T2 —
m,, =80434 =9 MeV h| . LN -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 1% 80.4F -
S e - X I
m, =80354+32Mev. | oyt PEesemememmeo o me oo T P - < - - - - ---------------------7

80.35

ATLAS 2017 r ]
Eur. Phys. ). C78 2018) 10 @ Measurement C ; a
[stat. unc. 80.3 - f 68/95% CL of Electroweak ]
ATLAS 2024 W otal unc. e Fit w/o m,, and m, B
e 280567 2 16 MoV [ sM Prediction r (Eur. Phys. J. C 74 (2014) 3046) .
,,,,,,,,,,,,,,,,,,,,,,,,, H 80 2 5 Co v v b oy ]

80200 80300 80400 165 170 175 180 185
m,, [MeV] m; [GeV]
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Measurement of the W-boson width

e First measurement of I'y, in ATLAS

PDF set Combined I'yy [Me
e Same strategy as my;: 1 | — iv:; i

e profile LH fits to pl'f and mf”. Then, the two results are combined. cT18 2202 + 47

: : CT18A 2184 + 47

e my, nuisance parameter, set to its value from the EW global fit MIMHT2014 2182 + 47

e Strong dependence on my, value: Al'y, = — 1.25Amy, / MSHT20 2181 + 47

o . . ATLASpdf21 2193 + 46

e Several PDF sets tesj[ed.. A 10@ maximum variation observed NNPDF31 9182 4 46

e As for myy, the baseline is provided by CT18 NNPDF40 2184 + 46

I'yy, = 2202 % 32(stat.) £ 34(syst.) MeV

e Simultaneous determination of my, and I'y,

Overview of I' , measurements

7777777777777777777777777 F |
e [ATLAS — oy = 2198 £49 MeV; my, = 80354.8 = 16.1 MeV
oPAL (s=7TeV, 461" o .
‘g :ngygeJ 1047(2006)309 . '30 A) COITelatlon ;. T T T
3 2 ATLAS A Bestfit p=-0.30
E ch'ysoJ ‘047 (2006) 309 = e 4 -
S s=7TeV,46fb ¥ SM prediction
]%ALE;P‘y:J Cug7 (2006) 309 L‘ 2300_ B
En? Rev. Lett 103 12009) 231802 2200 —
=2028 = 72 M @ Measurement
CDF [Ostat. Unc.
Phy Rev. Lett. 100 (2008) 071801
7777777 s .TotalUnc””””””’””” P I
ATLAS [ SM Prediction L |
I Ty i @ 2100
1500 2000 2500 ! ! ! ! I
80320 80340 80360 80380 80400
ry, [MeV] m,, [MeV]
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Vector boson production at 13.6 TeV: Results 2 CBANET|

Fiducial cross sections

—_
\S]

ATLAS

e 6 TeV, 29 1 Good agreement with predictions, though

ATLASpdf21 and NNPDF4.0 tend to give
higher cross sections in all cases

- Total uncertainty (w/o luminosity)

- Total uncertainty

—_
Y
[$)]

fid fid
0pred / Omeas

—_
—

@ CTi8
B CTi8A

1.05 1 MSHT20
¥ NNPDF4.0
O PDF4LHC21
O ATLASpdi21 Channel 014 + 5oy esyst [P]  Acceptance A 0! + §07gar @ syst [Pb]
e o o oy, Z—ete” 740 + 22 0.374+0.011 1981 + 82
Z . Z -ty 747 + 23 0.374 +0.011 1997 + 82
. AR 744 + 20 0.374 +0.011 1989 + 77
W~ — e 7 3380 + 170 0.381 + 0.009 8880 + 490
W™ - pu v 3310 + 130 0.381 + 0.009 8680 + 390
Dominant source of uncertainties: W™ v 3310 + 120 0.381 + 0.009 8690 + 390
-+ . . .. + +
« W*: luminosity, multijet background W+ = ety 4350 + 200 0.366 + 0.009 11880 + 620
i e fFici Wt — uty 4240 + 160 0.365 + 0.010 11620 + 530
* Z: luminosity, lepton efficiency W+ — £ty 4250 + 150 0.366 + 0.009 11620 + 520
W — £ty 7560 + 270 0.372 + 0.009 20310890

Fabio Anulli - Drell-Yan processes at ATLAS




Vector boson production at 13.6 TeV

Cross-section ratios

[ T I
ATLAS
Vs=13.6 TeV, 29 fb™

. Data (stat.® syst.)

e CT18

= CT18A

4 MSHT20

v NNPDF4.0
O PDF4LHC21
o ATLASpdf21
4 ABMP16

_ fid
Ry =0

- Il I
1.25 1.3 1.35 1.4 1.45 1.

Vs=13.6 TeV, 29 fb™

. Data (stat.® syst.)

e CT18

= CT18A

4 MSHT20

v NNPDF4.0

o PDF4LHC21(m=171.5 GeV)
o PDFALHC21(m=172.5 GeV)
 PDF4LHC21(m=173.5 GeV)
o ATLASpdf21

& ABMP16

(Inner uncert.: PDF only)

0.15
= ofid fid
Ry =019 / ofid

Fabio Anulli -

T 1T ‘ L ‘ LI ‘ LI
ATLAS
Vs=13.6 TeV, 29 fb™

. Data (stat.® syst.)

e CT18

= CT18A

4 MSHT20

¥ NNPDF4.0
© PDF4LHC21
o ATLASpdf21

* Good agreement with SM

« Slightly lower than predictions for

» Ratios benefits from cancellations
of some systematic uncertainties

predictions for the W/Z ratios

tt/W ratios

BIEIE PR T
Ryz =00/ ofd
Ratio R + 0 Rgtat @ syst
W+ /W= | 1.286 +0.022
wW*/Z 10.17 £ 0.25
tt/W- 0.256 + 0.008
tt/W+ 0.199 + 0.006

0.112 +0.003

Dominant source of uncertainties:
« WH/W™: multi-jet bkgd

« W*/Z: jet-related uncertainties
 tt/W: ttf modelling, jet and
multi-jet bkg.




7 + Heavy Flavor jets BrXiv:2403.15093

 _Inclusive and differential Z + > 1 b-jet, Z + > 2 b-jets, Z + > 1 c-jet b/c —Pp—aA NS\ Z

o Access to b-quark, c-quark and gluon PDFs Y
o Potentially sensitive to the proton Intrinsic Charm (1C) g S S—
component TTT
o Precise test of pQCD predictions and MC modelling q—»—NNN\NZ
o Z+HF bkgd for VHbb analyses and various BSM searches
Y b
o Test predictions of different Flavor number Schemes (5/4/3 FS) ﬁ_b_\(fTT{
g b

« This analysis: 1/s = 13 TeV, 140 fb-! (full RUN2)
 supersedes [JHEP 07 (2020) 044] Z + > 1 b-jet and Z + > 2 b-jets
based on 36 fb-!
= * Z + > 1 c-jet first time in ATLAS
 Selected samples: z4M, ~0.3M, and z4M for 1b5-, 2b- and 1c-jet

Fabio Anulli - Drell-Yan processes at ATLAS — QCD@Work 2024 .



Z. + HF jets: Inclusive cross sections JiXiv2403.1509308

Source of uncertainty | Z(— €€) + > 1 b-jet | Z(— €€) + > 2 b-jets | Z(— €€) + > 1 c-jet

(%] %]  Large production rate:
Flavour tagging 3.6 57 103 « results dominated by systematic uncertainties
J 2.4 4.3 6.5 . . .
Eovion = = = X2 improved precision w.r.t. JHEP 07, 044 (2020)
Eiss 0.4 0.5 03 : G B a0
Zijets background 0.6 1.5 1.6 * Domlnant un?ertalntles'
Top background 0.1 0.3 <0.1 L4 ﬂaVOI' tagglng
Other backgrounds <0.1 0.2 0.1 f 1 .
| Pile-up 0.6 0.6 02 | * unio dlng
Unfolding 3.3 5.8 5.0 1 1
Timoes = > - * jetenergy scale .an.d resolution
[ o % | p | o4 ) | Statistical uncertainties very small

Inclusive cross sections: 74> 1 et : b vari
SFS describe data well both with MGaMC+Py8 and Sherpa + 2 | cjet: comparison with various

4FS underestimate data in 1 b-jet case (OK for 2bH-jet) })DE ;%SFtO test IdC co:nponenj[ tent with dat
3FS ~36 below data for Z + > 1 c-jet a S Provide Tates COnSIStent with data

- lack of log-resummation term (n(Q?/ mc2 )

ATLAS
Vs =13 TeV, 140 fb™'

ATLAS ?TL'?:T V, 140 fo” Alv=to
fs=13 TeV, 140 it s=1s1ev, 1 .
Z + Z 1 Ziol) + =1 bt 7 + > 2 Z(=ll) + = 2 brjets 20.89 + 0.07 = 2.77 pb
: —--10.49 £ 0.02 = 0.59 pb . ---1.394 £ 0.006 = 0.131 pb []pata stat) Dt (statvoyst)
b__] et . + 0. = 0. p b_J ets - = - 3¢ MGaMC+Py8 FxFx 5FS (NLO)
[ ] Data (stat.) [ ] Data (stat.) B Sherpa 5FS (NLO)

A MGaMC+Py8 4FS (NLO)
¥ MGaMC+Py8 Zcc 3FS (NLO)
O NNPDF40 (pch)

- Data (stat. ® syst.)
A MGaMC+Py8 FxFx 5FS (NLO)

- Data (stat. ® syst.)

—o—— A MGaMC+Py8 FxFx 5FS (NLO)
¥ Sherpa 5FS (NLO) v Sherpa 5FS (NLO) 0 NNPDF40 (LHCbZc + EMC)
O MGaMC+Py8 Zbb 4FS (NLO) A CT14NNLO
—— g MGaMC+Py8 5FS (NLO) O MGaMC+Py8 Zbb 4FS (NLO) Iy 2::2; EZ‘*Z'?Z";
& Zc =&l
. . | | |
s 10 13 ” 15 15 . 5 T Y

20. 25 3
O(Z + =1 brjet) [pb] o(Z + = 2 brets) [pb] o(Z + = 1 c-jets) [pb]
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Z + HF jets: Differential cross sections  [2SSZUSEIE

1D differential cross section vs Comparison with:
- (Z + > 1b-jet): pf, AR, jer» P of leading b-jet - 5/4 FS MGaMG+ Py8 and Sherpa
- (Z + =2 b-jet): p7, AR, jer» Pr of leading b-jet, my,,, Adhy, - 5FS fixed-order NLO and NNLO

- (Z+ > 1c-jet): p%, AR, . and x of leading c-jet - various PDF sets (charm-jet sample)
T Z,jet> FT F
e — e ———— T ]
®  © ATLAS \ paa E > ] § 10 ! N E
8 .oF ! AN B © ATLAS NN pata Q T E [5-13Tev, 140" E
%_ 10% g:”;i-r::/'bz (t) ! MGaMC+Py8 FxFx 5FS (NLO) ? g 1? Vs =13 TeV, 140 fb”' \—-— M(;aMC+F'y8 FxFx 5FS (NLO) o ﬁ. 10 Z?—»II) + :1 c-jet HOANCHEYS PP SFS (NLO) =
- 1% ! ———— Sherpa 5FS (NLO) = "é E Z(—ll) += 2b-jets ——— Sherpa 5FS (NLO) 3 o 1; Sherpa 57 (NLO) ;
§- ‘E ——p——_,_ 3 2107 MGaMC+Py8 Zbb 4FS (NLO) = % E el E
A T E § ] St T, 3
102k T = E 1072 ssSoE,, = 1072;— e —;
SC o N e . ] == E
107 . E 108 W 4 100 ) e =
oD I g S E e Z4+21cjet: ==
E _1ete E 4l X e B E . . == 3
wp £+ 2 1bjet: pr = T Z 4> 2bjetimy, ., 0'e prleding c-jet s
109 - 5L | 0t L | P
2 s [ T ——TITR R T —— 10 E a3 § 15 e w0 TR MemepRRRTs e -
8 o[ ] £ ) S
® sl Te——— JUF e 7 = os” ,
51— — © ;
s ok I syt e T e e 1.5 —8— MGaMC+PY8 FxFx 5FS (NLO)  —e— Sherpa SFS (NLO) —— MGaMC+Py8 Zbb 4FS (NLO) ]| E 15F ———— MGaMC+Py8 Zcc 3FS (NLO) ——— MGaMC+Py8 4FS (NLO)
Q- R ot AN, s B — EASNNANNN
g o ; SSSSSSSSSSS s S . N\ = 1 +-mm w g 05 Loy v—*w—'q—m—-“.—::“,_* ]
5 ‘ R —— _ = 450
g 151 MOFO. SRS NNLOFO, T i ____A___—?—i; § 1'5-: NLOFO ~— NNLOFO.
g ! e ] T RN - 58 Sosf ———
05F = s ‘
: : 20 30 10?2 2x10° 10° 30 40 50 *? 20 10°
8910 20 30 40 10° 2x10% b.2) o \1/]03 m,, [GeV] ° ! g Leading c-jet p, [GeV]
Best description by 5FS my,, shape not well reproduced SFS predictions starts to deviate from data
MGaMC+Py8 FxFx by any simulation above ~50 GeV

timate data at high pZ  Ad,, (not shown) instead Worst agreement F.O. predi
- Z e

OW [ generally well reproduced Shape look
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