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+V (Wor 2) in association with (heavy-flavour) jets or hadrons production:

+ Precise test of perturbative QCD (pQCD)
= test state-of-art predictions

+ Sensitive to Parton Distribution Functions (PDFs)

4+ Tune predictions and improve Monte Carlo (MC) simulations
= packground to other physics processes | |
. . . Standard Model Production Cross Section Measurements
= reduce modelling/theoretical uncertainty T o %;;;:::? =R~ %

Status: October 2023
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pp collisions at Vs = 13 TeV arXiv:2403.02793 -

Measurement of prmiss + jets Tiom: Submitted to JHEP s

Unfolded differential measurements of pr™iss produced In association with jets

+ Two types of measurements:
+ Z(—vv) + jets “process-specific” - after subtraction of all sub-dominant processes

+ ptmiss + jets “final state driven”- only fakes are subtracted from data
—highly re-interpretable in various Beyond-SM (BSM) searches (i.e. Dark Matter)

+ Differential cross sections measurements in two phase-spaces:
4+ Inclusive: pymiss
+ Vector Boson Fusion (VBF) - enhanced: ptmiss, Adjj and m;

Inclusive VBF

=2 jets
=1 jet * lead-jet pT> 80 GeV

* lead-jet pr> 120 GeV * sub-lead jet pt> 50 GeV
* mjj > 200 GeV
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pp collisions;z'lt Vs = 13 TeV arXiv:2403.02793

"_I\,Ieasu rement Of meISS + jets £ =140 tb 1 Subrr}ittedtoJHEP |

+ Measurements performed in:
» Signal Region (SR): ptmiss + jets

* 5 Auxiliary Regions (AR):
1 lepton+jets, 2 Ieptons+jetm
+ Measure regions individually and as ratios
R .. =0(SR)/6(AR)

miss

+ R, . . allow cancellation of systematics and

modelling effect

Repi
eslons Phase-spaces Observables
L e
T

Aux: e + jets Aux: 24 + jets _ .
VBF, >= 2 jets P, m, and ACDJ.J.
Aux: 2e + jets Aux: y + jets
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I a1 ARV E==in

" Measurement of prMiss + jets

pp collisions
L =140 fb1

E;lt Vs = 13 TeV
l
l

arXiv:2403.02793 .

Submitted to JHEP

4+ Background contributions:

4+ Non collision background: removed by jet identification + data-driven approach using jet timing

+ QCD multijet: suppressed by Ag(jet, p;’i‘i“) + data-driven technique

+ SM processes: shape is taken from the MC simulation and normalisation is derived from fit to data in

specific control regions

Final-state event selection

miss , :

Production process pr > +jets  2e+jets  2utjets  et+jets  u+jets  y+jets
Z — Vv + jets 35% — — — — —

/Z — ee + jets = 94% = = = =
Z — uu + jets — = 95% = 2% =
W — ev + jets 6% — - 68% = =
W — uv + jets 9% = = = 67% -
W — 1v + jets 20% = = 3% 7% —
Y + jets — — — — - >99%

Top 7% 3% 2%  25% 21% —
Multi-boson 3% 3% 3% 2% 3%  <1%
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"‘ " | | pp collisions i'lt Vs =13 TeV arXiv:2403.02793 -

PTmISS - lets ReSUIts ..' £ = 140 fb | Submitted to JHEP -

prmiss 4 jets mcluswe Tm'SS + jets VBF

— 10° AT[_ AS —e— Data Stat %E — 10° - ATL AISI lllllllll —o— |I:)al.'[éll Sltalt llllll %
ol > /////, Data (Stat. + Syst) 3 L@ /////, Data (Stat. + Syst.) A :
W 1100 pﬁslfllivi“?efb wesomo 3 IS0 Fﬂn;lfjggvvg‘;’ o' Miiséim ™ 4 4 Reasonable agreement with
o8 —— NNLO Rew. = 5 1 T ! = e
e ] state-of-art SM predictions backup
10
107"
10° % 10 + m;jj not well described in VBF
i 3 :
L S— R 107 i ST : phase-space (=2 jets)
10°* , , . é 107 =
1.4 MEPS@NLOI(Stat.+Syst) ~— NNLO Rew. (Stat.+Syst.) —; A -
© D e _: - _
cD‘B' ’ //‘// S / .............. /7 §
< 0.8 e T R '_:—-—u ....................................................................... _: =
O e ER: prmiss 4 jets VBF
% | ;Z:I-jet'S ' '—W+Jlets' ' lTo'p T _EWK '—ES|bdsoﬁ o ? 10° T T T T T T T T T T LI
- 1 %g___ ........................................................................................................................... ? - g ; A TLAS ) e Data (Stat) //// Data (Stat. + Syst) ;
§§ I E—__ ____________________ . = gg é - gl +}2ts-!-,e\\//Bl1:4O ' erseNlo -
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&) 3 10°° : r r ' é ECE S 10 ' r r r ' ' r ' -% A
500 1000 1500 2000 _ 2500 1000 2000 3000 4000 5000 6000 7000 8000 é _ 10 = ’ '
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c f -
+ R ... benefit from the partial cancellation of both s e -
systematics and discrepancies in modelling  *backup 8
+ Most noticeable example from m;; in VBF

1000 2000 3000 4000 5000 _ 6000 7000 8000
m; [GeV]
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- = - W L = pp collisions at Vs = 13 TeV arXilvzz403.0279'3
ITDT""SS + Jets Interpretations ... | Submitted to JHEP
e — e ' . -

+ Interpretation of the unfolded data in DM-searches - 2 models tested!

+ Measured R . . are used to test axial-vector mediator Dirac DM model

+ comparable sensitivity with dedicated DM-searches [Phys. Rev. D 103 (2021) 112006]

+ Limits also on 2HDM+a model, where the Higgs doublets and a pseudo-scalar couple with DM

1200

IIIIIIIIIIIIIIIIIIIIIII

%‘ B . % 'l/7 """"""""" """" l """"""
5 : ATLAS é)bserve(;i : -'(E 2 /m, > 20%
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- B e | -0 cions N ML 2
Z + HF-jets measurements 2705 "%

Inclusive and differential Z+=1 b-jet, Z+=2 b-jets, Z+=1 c-jet cross-sections

+ Precise test of pQCD predictions (NNLO available)

4+ Unique access to b-, c-quark and gluon PDFs

4+ Explore possible sensitivity to Intrinsic Charm (/C)
component

+ Sensitive to different Flavour number Schemes (FS)
In the predictions

4+ Inputs for MC modelling tuning
+ Z+HF background in VHbb analyses and BSM searches

* Z+=1 b-jet and Z+=2 b-jets: update 36 fb-1 results with
larger statistics, new b-tagging algorithm and optimised
strategy

*Z+=1 c-jet: first time in ATLAS!

JHEP 07 (2020) 044

IIIII
ATLAS

-~ 10.90 + 0.03 + 1.08 + 0.23 pb

II|III|III|III|III

's=13 TeV, 35.6 fb™
Z(—ll) + > 1 b-jet

Data (stat.) l Data (stat.+syst.)

m Sherpa 5SFNS (NLO)

A MGaMC+Py8 Zbb 4FNS (NLO)

v MGaMC+Py8 5FNS (NLO)

O Sherpa Zbb 4FNS (NLO)

O Sherpa Fusing 4FNS+5FNS (NLO)
A Alpgen+Py6 4FNS (LO)

¢ Alpgen+Py6 (rew. NNPDF3.0lo)

@ MGaMC+Py8 5FNS (LO)

II8III1O 12III14III16

18 20 22 24
6(Z + =1 b-jet) [pDb]
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https://link.springer.com/article/10.1007/JHEP07(2020)044

e
pp collisions !Jt \/ s =13 TeV arXiv:2403.15093 -

L+ HF-jets anaIyS|s strategy o TR Submitted to EPIC [0

+ Select Z(— uy, ee) + 1 or 2 flavour-tagged jets, with 85% DL1r (30% efficiency on c-jets)
Define 2 Signal Regions (SR):

: : > ] —

1-tag: Z+=1 b-jet and Z+=1 c-jet measurements 310 amas o o E

. 2] 105?e Ut + > 2 tagged jets inale-to E

2-tag: Z+22 b-JetS measurement I%104: E\Eor?—top::rocesses :
N\ MC Stat. ® Syst. Unc.

+ data-driven tt background in ey CR  “backup
— avoid large modelling uncertainties

+ Z+jets background with bin-wise “flavour fit” of flavour S A T AN
sensitive observable B 0.8 t

: . o 20 30 102 2x10° 10°

— correct shape and normalisation m,, [GeV]

+ Correct detector level distributions to particle level in fiducial phase space (unfolding) Zbackup

+ Fwd/central ratio of Z ptin Z+=1 c-jet events:
* keep correlations and migrations into account

Camilla Vittori DIS2024 9
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I a1

F N =i i '
: . Ve P e 1ve
" Z+ HF-jets Flavour-fit o

+ Z+jet with flavour different from the one measured is the largest source of background

1-tag SR 2-tag SR
E “backup
Analysis Z+=1 b-jet g Z+=1 c-jet Z+=2 b-jets
Z+jets bkg Z+c, Z+ Z+b, Z+| Z+1b, Z+c, Z+]
= Correct Z+jets flavour components and constrain systematics with “flavour-fit”
Maximum-likelihood fit to data based on flavour sensitive distribution
+ fit performed in individual (optimised) bins of each measured observable
%0.35>:<106ATLAS ! ! e Data — ATLAS [z +bjets []Z+cets []Z +light jets
Example for 1_tag SR: L% 0_33_ Vs = 13 TeV, 140 b %é:g::tt: _E Vs=13TeV, 140fb" [JTop [ Other backgrounds
| | . . ) 255_ Z(l) + > 1 tagged jet % 1Z_O+plightjets _E Z(—ll) + > 1 tagged jet
* Fit of flavour-tagging score (DL1r) In I i O s s,
calibrated bins o1 ERELA I
» 3 free parameters corresponding to o : ERAI2 B
Z+=1 b-jet, Z+=1 c-jet and Z+=light *0%E | - = 5 %
jEtS normalisation F 1 05E T Preit MG FXFX Y PostfitMGFxFx 4 PostfitSherpa ser=srsrrms=rsse2 10°
S =N NN NUTUUEUN:
Boest S e E !
~ 1 2 | 3 4 "ant bin 10° Leadi™o 100

b-tagging discriminant bin
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HE. T =||‘|l ;.' ", | ,‘ . N
L ‘ pp collisions gt Vs = 13 TeV arXiv:2403.15093
Z + H F-l ets Res u Its E : ! £ =140 b+ nj | Submitted to EPJC_-

Source of uncertainty | Z(— ) + > 1 b-jet | Z(— €€) + > 2 b-jets | Z(— ) + > 1 c-jet
. = = . o] [Y0]
+ Factor 2 improved precision with respect to e — [36 = —
) avour taggin : . :
previous 36 fb-1 Z+b results Jet 2.4 13 6.5
Lepton 0.3 0.3 0.4
: : : : . Emiss 0.4 0.5 0.3
+ Dominant uncertainty contributions from: 7515 backeround 0 s e
flavour-tagging, jet energy scale anc Top background 0.1 0.3 <0.1
: : . Other backgrounds <0.1 0.2 0.1
resolution and unfolding  *backup Pileu 0 06 0
| Unfolding 3.3 5.8 5.0 |

Luminosity 0.8 0.9 0.7
Total [Y] 5.6 9.4 13.2

Inclusive cross-sections:

Results consistent with previous 36 fb-1 T T T T T T T T T T T T T T T T

¢+ 5FS better describes data measurement ?ET:?:? TeV, 140 fb’!
""" ATLas Z(—ll) + =1 c-jet

4+ Large underestimation from:
* 4FS of Z+1 b-jet
* 3FS of Z+1 c-jet

— lack of log-resummation in
PDF evolution

Vs =13 TeV, 140 fb’’
Z(—=ll) + > 1 b-jet

--10.49 +£0.02 +0.59 pb
Data (stat.)

- Data (stat. ® syst.)

A MGaMC+Py8 FxFx 5FS (NLO)
v Sherpa 5FS (NLO)

O MGaMC+Py8 Zbb 4FS (NLO)
O MGaMC+Py8 5FS (NLO)

- 20.89+0.07£2.77 pb
Data (stat.) - Data (stat.+syst.)

2L MGaMC+Py8 FxFx 5FS (NLO)
B Sherpa 5FS (NLO)

A MGaMC+Py8 4FS (NLO)

v MGaMC+Py8 Zcc 3FS (NLO)
O NNPDF40 (pch)

0 NNPDF40 (LHCbZc + EMC)

A CT14NNLO

¢ BHPST (<x> _=0.6%)

£ BHPS2 (x>~ =2.1%)
| | I I | | I I | | L1 1 1 | I I | | I I |
25 30 35 40 45 50

6(Z + > 1 c-jets) [pb]

ln(Qz/mg) 6(Z + > 1 b-jet) [pb]
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ﬁ-— T A || S . Mt\/ —_— "F";ﬂ——ﬂ
_ — , - ' pp collisions atvs =13 le arXxiv:2403.15093
z + HF lets ReSUItS ;i : £ =140 fb ‘l Submitted to EPJC |
+ 5FS: good description of data by both MGAMC+PY8 FxFX and SHERPA 2.2.11

+ 4FS: MGAMC+PY8 underestimates data in the full spectra - no log-term resummation in PDF evolution!

+ Fixed-order: NLO discrepancies are improved with NNLO
Large uncertainty on NNLO due to correction for different flavour jet classification
— importance of using IRC-safe jet flavour algorithm already in measurements

+ Mmpp: none of the predictions in agreement with data in the full spectrum

*
backup
|>- I | 1 I I I I 1 | | I % '>' 102 ; I I I I I I I I I I IQ— ; E T T T T T T T | T T | E
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- ——— Sherpa 5FS (NLO) — - 4L ——— Sherpa 5FS (NLO) = Q — Z(>ll) + > 2 b-jets ——a— Sherpa 5FS (NLO) ]
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o _ o Y | = Qi
~ o R e ~ e -6
A ‘m—aw._ L = =
g F T e e SN ™ o0 F e T
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. z H F 1.'t- R It “: "-‘ | pp collisions ;:t Vs =13 TeV arXi'\'7:2403.15093 -
+ -le S esu L £ =1401b* | Submitted to EPJC -

o
— 2 I

+ Larger experimental uncertainties in Z+=1 c-jet measurement due mostly to flavour-tagging

+ 5FS:.: soft pr spectra well described by MGAMC+PY8 FxFx and SHERPA 2.2.11, not true for pt>100 GeV
+ 4FS: reasonable pt modelling by MGAMC+PY8

+ 3FS: MGAMC+PY8 underestimates data by a factor ~3 - no log-term resummation in PDF evolution!
+ Fixed-order: NLO predicts softer pt spectra, small improvement with NNLO

*
backup
l>l E I I I I I I I I I E ;‘ 102 EI_I I T T T T T T T T I T
S 10 ATLAS QN Data - S E ATLAS NN Data
= = Vs=13TeV, 140 b’ = < 10L Vs=13TeV, 140 fo’
Re) 10 . MGaMC-+Py8 FxFx 5FS (NLO) Re) = . MGaMC+Py8 FxFx 5FS (NLO)
0.5 o 10 z(=ll) + 21 cet E 2 E Z(l)+=1cjet
_B, -IJ[ ' I R ' ' L I I ] — B ———— Sherpa 5FS (NLO) - — 1:_ ~———— Sherpa 5FS (NLO)
c F ATLAS ] R E 5 |
Y — - — = \ = O — \aaaanam.
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> - 7] © = | | } ———— } } | } — —— © H— ! } } } 1 ! } } } ]
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pp collisions at Vs = 13 TeV arXiv:2403.15093

I

£ = 140 tb1 | Submitted to EPJC -

L Z+ HF-je-t-é-IEl:sults

+ Experimental and theoretical systematics reduced in Fwd/central ratio of Z pt (~8%)

+ Similar trend with respect to data by all /C models from NNPDF, CT14 and CT18

+ The measurement has small sensitivity to IC

+ BHPS2 (with <xc>~2%) improves the description of data

+ In more realistic scenarios (BHPS1, NNPDF and CT18) the improvement is still marginal

g g —— - T e L
2 106: ATLAS Qe Data - E 09— ATLAS e Data —
5 = {s=13TeV, 140 fb' —=— NNPDF40 (pch) = 3 — Vs=13TeV, 140 b’ —=— NNPDF40 (pch) .
s 105?2(%”) +> 1 crjet —=— CT14NNLO = g 0.8—Z(=ll) +2 1 c-jet —=— CT14NNLO o
10* = =#= CT18NNLO — 2 B —&— CT18NNLO .
= = S 0.7 —
— - u L
10, = MGAMC+PY8 with & SN -
2_ e ] = Q 06 =~
e - E different PDF sets g F N\
10 - ~a = , 0.5— N
E o E testing several I
% N\ e % 04— SN
101 Xp=2p /\/E —= == IC-models (PDF i -
_2: Z N . - I —
0% e reweighting) 03—
S 14 — == NNPDF40 (pch) =¥= NNPDF31 =¥= NNPDF40 =&~ NNPDF40 (LHCb+EMC) /7 © 14 — == NNPDF40 (pch) =v= NNPDF31 =¥= NNPDF40 =#&= NNPDF40 (LHCb+ EMC)
£ 1o % T 1.2
g : ﬁ&%ﬁﬁw‘mﬁ% D
O O
0-8M4'++-v—'1==¥==§= % s 08
= 06l | = 0.6/ | .
o :Il.g——E—CTMNNLO —e—BHPS1 & BHPS2 IC iS a “Valence'like” % :11.421-——E—CT14NNLO —e—BHPS1 —#— BHPS2 ;
(] L~ .
S ngﬁé_—é\ \Xx contribution expected S oa NN
= O ‘ . . = : S
?.2—_+CT18NNLO —I—CT1SBHP83 —V—CT18MCME - at hlgh Bjorken-x ?.2;.;&—CT18I\.INLO. —I— CI)T.18IBi-|IPSS I—V—CIT18I\I/ICI;/IEI | __
(4] . © .
s 1.2 © 1.2 <
Q SR ; Q 1 Mﬂﬂm E
= 05 B S Q oa8F : NN
0.6 | | . \F = 0.6 | o . ===
1072 10— 10 102 10°
Leading c-jet x_ p.(Z) [GeV]
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 Conclusions =

+ V+jets and V+HF jets represent an
essential ingredient of Standard
Model, with very complex
phenomenology

+ The interplay between theoretical
and experimental effort allows to
reach high precision and high
sensitivity

+Improved knowledge of proton
PDF is crucial to progress further in
many precision analyses

THANKS:EOR"YOUR-ATFENTION!
ANY QUESTIONS?

<
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L s L

- pp collisions at Vs = 13 #LV

Measurement of W+D = :"..». H

+ Motivations:

S W-
\N\M + W + charmed mesons as probe of s-quark PDF
> + constraints for future PDF fits
M T~ + Comparison with state-of-art NLO MCs
g C

4+ Probe S — S quark asymmetry with Rc

el
Phys. Rev. D 108 (2023) 032012

+ Measurement of integrated cross-sections

+ Differential W+D(") cross sections 500
+ with binned profile likelihood fit of m(D) in pt(D) and n'er bins

m Multijet

+ W+D() with D= K7n7r and D" Dor—>Knrx > SROALRIPALLLAL AAAAL AR A T ha .
- © 3000 /s =13 TeV, 140 fb” %% SM tot. -
+ Secondary vertex fit to reconstruct D-decays 8 psoof V(M) + DK, OSSS Wi g
_ _ _ _ = - inclusive, post-fi .\

+ W and D with opposite sign (OS), while background charge S0 =&§ §Elﬂ z& E
symmetric (SS) : 1 - Wao
+ OS-SS event correlation to suppress background 1500 —
10003_ t(t);;]single top

| er

@) s LR A -

- . = et oottt ettt =
simultaneously in SS and OS S5 B o 5

_ _ o 17: VP~ 777 ‘* z 2

+ Cross section ratio Re: . _ G OS=S5(W+D ™) | -
¢ 5OS—SS(W—- D)+ 1 7"1"7'5"1"8"1'8'5'1"9"1'9'5"'é"2'6'5'2'1'2"1'5"2.2

ol > (W=D()F) m(D’) [GeV
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. W+DResults

pp collisions at Vs = 13 ’I!LV |
£ =140 fb1

e g
| 1] Phys. Rev. D 108 (2023) 032012

I | | I | I | | | | I_ | I I I | _| I | | | I I I
W*+D (—=Knr) ATLAS

Vs =13 TeV, 140 fb -

G,y = 50.0 +0.4 (stat.)+1 9 (syst.) pb -

- Data [ Stat. Unc. Syst. ® Stat. _:
Pred.. aMC@NLO, full CKM, NNLO PDF

I | | | | I
ATLAS
Vs =13 TeV, 140 fb -
Oyg = 48.5 +0.2 (stat.)’> (syst.) pb -

- Data [ Stat. Unc. Syst. @ Stat. _:
Pred.: aMC@NLO, full CKM, NNLO PDF

E WD (5(Kmm) 3

(0] ABMP16_5 - (0] ABMP16_5 Z
{} ATLASpdf21_T3 ] {} ATLASpdf21_T3 _
O CT18A u m| CT18A -
171 CT18 —] 171 CT18 —]
¢ MSHT20 ] ¢ MSHT20 ]
8 PDF4LHC21_40 — P34 PDF4LHC21_40 —
A NNPDF31 - A NNPDF31 -
A NNPDF31_str — A NNPDF31_str —
v NNPDF40 . v NNPDF40 .

PDF Unc. — PDF Unc. —

:I ] | | 1 ] | ] | | ] _'— PDF G? QCD @ Oiiher UnC 5
40 50 60 70 80 90 100

o (W™+D) [pb]

L s s PDF@QCD@OliherUnc N
60 70 80 90 100

61 W*+D*) [pb]

+ Rc:

+ %-level exp. precision

+ NNPDF40 NNLO in tension with measured data
+ ABMP16 and CT18 impose s = §

+ NNPDF and MSHT allow s and s to differ

+ Measurements are more in agreement with ABMP16
and CT18

4+ S — S asymmetry small in the Bjorken-x region
probed by this measurement

+ Integrated cross-sections:

+ 5% exp. precision (syst. dominated)
— comparable with PDF-syst

+ Great agreement with all PDF sets!

| | | | | | | | 1 | | I | | | | I 1 | | | 1 |

ATLAS W++D+(%K7Ut)
\s=13TeV, 140 fb' W*+D* (—(Kn)r)
R, =0.971+0.006 (stat.) £0.011 (syst.)

- Data [ Stat. Unc. Syst. @ Stat.

Pred.: aMC@NLO, full CKM, NNLO PDF—
ABMP16_5

II|III|III|III|III|III|IIIIII|III|II

'®) _

4} ATLASpdf21 T3 —

O CT18A _

171 CT18 —

O MSHT?20 .

8 PDF4LHC21 40 —

A NNPDF31 .

A NNPDF31_str —

\ 4 NNPDF40 _

PDF Unc. ]

. e PDF@QCD@OtherUnc _
0.9 1 1.05 1.1 1.15 1.2

R (W*+D%)
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. W+D Results

+ pT
4+ n'ep with small systs provide good sensitivity to PDF variations
+ broader n'er in Data than predictions - discrepancy reduced if considering PDF unc.

s ol

U
n oy,

\.. o )

me -
-"

pp collisions at Vs = 13 ']?LV |
= 140 fb- I

Phys. Rev.

e
D 108 (2023) 032012

o el

) distributions not sensitive to PDFs

— measurements provide useful constraints for global PDF fits

~ Pred.: aMC@NLO

& PDFALHC21_40 ma NNPDF31
201 Fuil CKM, NNLO PDF =NNPDF31 i—

o) 30 afias — Data mm Stat. Unc. -
s C Vs =13 TeV, 140 b Syst. @ Stat. e ABMP16 57
- 23 WD (oK) ¥ ATLASpdf21_T3 @] CT18A  —
s CT18 o] MSHT20 A
©

O
—

v ] NNPDF4O -

10 | =
5 | =
B 028 =
o 0.1 i i e =
o f A R
=3 1.7 :
3|8 1M
I [
=12 0.9

=1 ATLASpdf21_T3 @] CT18A =

" mmm Stat. Unc.
e ABMP16 57
] MSHT20 —]

pa NNPDF31 4
- NNPDF40 -

Lol b b oo b ™o b oo L

g OFafas ' —baa
g - Vs=13TeV, 140 fb” Syst. © Stat.
< 40~ W +D"(=>(Kn)r) CT18
= — Pred.. aMC@NLO g PDF4LHC21 40
S - Full CKM, NNLO PDF -NNPDF31 str
@) 30 .
© | : | :
20 ; E
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:\-; 0.5Ee80Rogmny! 5
2 04f g —
© : :
1—|b 0.3__ I I
= 1.1
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S
Phys. Rev. D 108 (2023) 032012

o el

pp collisions at Vs = 13 ']#fV |
£ =140 fb1 I

" Measurement of W4+D

Channel D7 n(f)|

p-value for PDF [%] Exp. Only | & QCD Scale | @ Had. and Matching | @ PDF
ABMP16_5 nnlo 7.1 11.8 12.9 19.8
ATLASpdf21_T3 9.0 9.7 11.5 84.7
CT18ANNLO 0.7 1.0 1.1 76.0
CT18NNLO 1.4 6.1 6.3 87.6
MSHT20nnlo _asl18 2.7 2.9 3.3 45.6
PDF4L.HC21 40 3.9 5.3 5.6 75.8
NNPDF31 nnlo as 0118 hessian 1.5 2.6 2.8 50.7
NNPDF31_nnlo_as_0118_strange 0.1 14.7 15.2 59.9
NNPDF40 nnlo as 01180 hessian 9.9 10.2 10.2 43.7
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arXiv:2403.02793 .

| pp collisionsli'\t Vs =13 TeV

: o - W T O ". .S'"' ::
. Prmiss+jets - Selection =

1 L =140 tb1 I Submitted to JHEP
——————————————— e v s— ===y |
Attribute prTniSS+jets e+jets | 2e+jets | u+jets ‘ 2u+jets y+jets
Lepton or photon ly| < 1.37 or vl < 2.5 ly| < 1.37 or
rapidity 1.52 < |y| <2.47 yh=< 1.52 < |y| <2.47
Leading lepton or
bhoton pr [GeV] — > 30 > 80 > 7 > 80 > 160
Sub-leading
lepton pt [GeV] B B > - > B
Dilepton mass, ~ ~ Mee € ~ Mmee € ~
mee [GeV] (66,116) (66,116)
(Additional) muons None with pt > 7 GeV, |n| < 2.5
(Additional) electrons None with pt > 7 GeV, |n| < 1.37 or 1.52 < |n| < 2.47
mt [GeV] B mr € B B B B
(30, 100)
PP [GeV] > 200 > 60 _ - _ -
precor [GeV] > 200 > 200 >200 | >200 | >200 > 200
Attribute > 1jet | VBF

Ag (jet, p%ﬁss)

> (.4 for four leading p jets

Hadronic 7-lepton

None with pt > 20 GeV,
7| < 1.37 or 1.52 < || < 2.47

Leading jet pt [GeV] > 120 > 80
Sub-leading jet pt [GeV] = > 50
Leading jet |y| <2.4 <4.4
Sub-leading jet |y| — <44
Dijet invariant mass m j; [GeV] — > 200
Ayl — > 1
In-gap jets = None with pt > 30 GeV
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ﬁ- HEHET MY L SSALLERN 1 p\ TeV —X° - |
\ , pp collisions at s =13 1e arxiv:2403.02793
Tm'ss+je Uncertalntles ! =140t Submitted to JHEP [

—_ 5 ) 3 -z
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- = ATLAS — Total Exp. (Sym) - Data Stat. —#—JES = > - A TL A S — Total Exp. (Sym.)  -%- Data Stat. Fake lep. 3
= " Vs 1 . = C {s=13TeV. 140 fbo -®- Electron Eff. —~-JES E/y scale _
© - \s=13TeV, 140 fb JER 43 Luminosity -g¢- Unfolding ~ e B = | ]
< - pMssyiets, > 1 jet . ) Te+jets, > 1 jet JER —-Pile-up % Unfolding
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- T arXivi2403.02793 B
d pp collisions llt Vs = 13 TeV arxiv:2403.02793
) ' .
. Tm'ss+19t5 Results £=140fb7 | Submitted to JHEP
;___-_—
5 r 1 1~ 1 v+ 1 1 r T r [ rrrrrrryrrr[rrr[rrrrrrp g
— 10 ATLAS —e— Data (Stat.) —= 5000 ATLAS —e— Data (Stat.) -
l_%l ? pmiss+jets, VBF MEPS@NLO 1_1—4000 — pmiss+jetS, VBF MEPS@NLO T
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107 1000 ~
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PTmiSS.|.

jets - Results Z(—vv)+jets

= EE

o 1) N

L S~
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pp collisions
L =140 fb1

1
%'1t Vs = 13 TeV
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dm

Pred./Data

arXiv:2403.02793 -
| Submitted to JHEP -
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Z+ HF - Samples

—_—_l__

la:t Vs = 13 TeV

|

"

pp collisions arXiv:2403

L =140 fb1

+ Data
 full Run-2, L = 140 fb-1

+ MC samples

» State of art MCs for signal and Z+jets bkg:

* MGAMC@NLO+PY8 with FXFXx merging - up to 3 partons in NLO ME (nominal)
* SHERPA 2.2.11 - up to 2 partons in NLO ME (alternative)

Process

Signal & Z+jets bkg

Generator Order of pQCD in ME (ENS)

Order oproq calculation

POWHEG+PY&

NLO NNLO+NNLL
single top (s/t/Wt-channel) POWHEG+PYS8 NLO NLO
diboson 98&/99 —=VV — tl/tv/vv+qq SHERPA 2.2.1 Ip NLO, 2-3p LO NLO
pqT gq — ZH — (l|vv + bb POWHEG+PYS8 NLO NNLO(QCD),NLO(EW)
gg — ZH — tl/vv +bb POWHEG+PYS8 NLO NLO+NLL

Camilla Vittori

DIS2024 26

.15093 -

Submitted to EPJC -


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-43/

I s i'_ l‘| :; - | v. .l' ﬂ
- pp collisions at Vs = 13 TeV arXiv:2403.15093
Z + H F tt bﬂCkg round i | £ =140 b1 | Submitted to EPJC -

+ Dileptonic ¢t events represent the second largest background

+ Data-driven determination in exy* CR in 71 GeV=m;=111 GeV
+ avoid large (up to 70% in Z pt) modelling uncertainty on MC samples

—
o
»

T T ] ' L AL L I g
?ATLAS ® Data =
= (s=13TeV, 140 fb” [ -

= e"u’ + > 2tagged jets Single-top IE

—_i —_i
o o
~ (&)}
|

I Non-top processes
N\ MC Stat. ® Syst. Unc.

Events / GeV

ar = Dat: ’ Transfer Factor (TF)
n eu CF correction from CR to SR

|k CR—SR 10
tthark = ttbarDam

tthar SR(ee/;t,u)

—
S 2

TFCR—)SR

Pred. / Data
o —_
(@) —_ N

CR( )
ttbary;~"

+ Detector-level systematics propagated through TFCR=SR

+ CR— SR extrapolation uncertainty

+ validation region (VR): Etmiss = 60 GeV in 71 GeV<m; <76 GeV or 106 GeV< mi<111GeV
4+ difference between ¢t estimates from CR—VR and Data-MC in VR
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Z + HF - Flavour Flt

pp collisions
L =140 fb1 |

I

I

at Vs = 13 TeV

arxXiv:2403.15093 -

Submitted to EPJC -

6
_.CB 01 2X1 O | | I I [ | b ’[I [ |
( } ata
© — ATLAS 1 C— Z+>2bjets ”
o 0.4 Vs=13TeV, 140 fo =3 2+ 1 bjet —
T . [ Z+cHets — -
- Z(—ll) + > 2 tagged jet ] Z + light jets - 2-tag S R n
B T _
0.08— 30 GeV<m, <220 GeV — O(t)r?er backgrounds ]
: O\ MC Stat. ® Syst. Unc. _|
0.06— D
0.04— =
0.02 EI_—:
©
5 1k
a
~ 1
o)
® 09F
o

Scale Factor

N

—i
Ol

0.5

6 7 8 9 10

b-tagging discriminant bin

ATLAS -+ Z + b-jets

~ Vs=13TeV, 140 fb” =Z+cjets -
- Z(—ll) + > 1 tagged jet Z +lightjets
B ' )}
B . N I
- .
30 40 102 2x10% - 10°
leading tagged jet P

* Fit of combination of leading and sub-leading flavour-tagged jet

* 4 free parameters corresponding to Z+=2 b-jets, Z+1 b-jet, Z+=1 c-jet
and Z+zlight jets normalisation

e ' ' ' L
..8 — ATLAS +Z + 2> 2 b'jetS n
q; I p -+ Z + 1 b-jet ]
wor Vs = 13 TeV, 140 fb = Z + c-jets _
= b Z(=l) +>2tagged jets Z +lightjets -
B L ]
1.5 ! -
i | -
: ¥ 1r :
1_ —
n T _
0.5 e — .
20 30 102 2x10? 10°

mass of two leading tagged jets
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 Z+HF - Detector level -

S
~— “ h
N T
me -

et

, pp collisions ‘!fl‘t Vs = 13 TeV
L =140 fb1 I

B
arXiv:2403.15093
Submitted to EPJC -

+ Z+jets background are scaled by the scale factors from flavour-fit

%107;,41'1_,4'5 - o Dat'a. . Ilé
O ™" = s=13Tev, 140 10" [JZ+biets (signal) 3
@ 10° £ Z(>l) + > 1 tagged jet %g N ﬁéﬁﬁ’ets =
o 105% ) Top -
> = | o— @ Other backgrounds 3
LU 104k N\ MC Stat. ® Syst. Unc.
10° L o -
102 —@— E;
10 Lo _ E;
1 Lo
10™ =
] .
¢
3 NURS QQ‘”’”"‘X’Y =
D 0.8 YMGFXFx A Sherpa . ... |
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e

W_2+ HF

T 1F @ 7

-_Un-i:olcﬁng st

pp collisions at Vs = 13 TeV
L =140 fb1

| )
arxiv:2403.15093
| Submitted to EPJC

Object Selection

Acceptance cuts

Z+=1 b-jet, Z+=1 c-jet and £+=2 b-jets cross sections
measured at particle level in fiducial phase space —p

Lepton

b-jet
c-jet

pt > 27 GeV, |n| < 2.5

2 same flavour and opposite charge, 76 GeV < mgp < 106 GeV
pt > 20 GeV, |y| < 2.5, AR(b-jet,£) > 0.4

pt > 20 GeV, |y| < 2.5, AR(c-jet,£) > 0.4

+ (Data-Bkg) corrected for selection efficiency,

Event Selection

Acceptance cuts

resolution effects and differences between detector
level and fiducial phase spaces

Z+ > 1 b-jet
Z+ > 2 b-jets
Z+ > 1 cet

Z + > 1 b-jet and a b-jet 1s the leading heavy-flavour jet
Z + > 2 b-jets and a b-jet 1s the leading heavy-flavour jets
Z+ > 1 c-jet and a c-jet 1s the leading heavy-flavour jet

Rapidity regions

Acceptance cuts

+ Differential cross sections corrected to particle
level with iterative Bayesian unfolding

Central rapidity
Forward rapidity

Z boson rapidity |y(Z)| < 1.2
Z boson rapidity |y(Z)| > 1.2

+ For Z+=1 c-jet events: central and fwd Z pt are unfolded simultaneously (unrolled distribution). The
fwd/central Z pr ratio is then evaluated from the unfolded unrolled distribution.

4+ Inclusive fiducial cross sections measured in 1-bin observables and corrected to particle level

by dividing for Ndetector-level /[N particle-level

+ Measurements are performed separately in the electron and muon channels and then combined

(agreement within 10/20 in 1-tag/2-tag SRs).
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Lz

I T A V- ‘i l| i
. - - " pp collisions at Vs = 13 TeV arXiv:2403.15093
+ H F U ncertal ntles 'f | L =140 tb1 Submitted to EPJC
+ b-jet tagging, /et Lepton, Etmiss, Pile-up and Luminosity
+ . (i) post-fit MGAMC+PY8 FXFX vs SHERPA 2.2.11 difference and (ii) MGAMC+PY8 FxFx QCD scale
+ 11 bkg: extrapolation from ey-CR to SR
+ : QCD scale for diboson and overall normalisation for ZH, single-top and Z—tt

+ Unfolding: (i) MGAMC+PY8 FXFX statistics, (ii) data-driven unfolding-bias and (iii) modelling from comparison with SHERPA
+ Statistical uncertainty on data from 1000 pseudo-experiments (<1%)

Differential distributions: total systematic uncertainties <5% in Z+=1 b-jet (except some bins in Zpr), ~10-15% In
Z+=2 b-jets and Z+=1 c-jet (except some bins at the edges)
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- Tl T n ;l | | ,’ e

z + H F . Predictions . - - ! pp collisions !c}t Vs = 13 TeV arXiv:2403.15093 -

B | : .-sjn | L =140 tb I: Subn}itted to EPJC -
+ Measured cross-sections compared with several predictions, test sensitivity to:

e different FS in ME

* [C-component in proton PDFs

* higher order in QCD

‘ Generator/settings | Flav. scheme | PDF | LHAPDF ID
. . Main MC samples
ATLAS official ME+PS samples | yigamvcspys Bxbx SFS NNPDF3.1 (NNLO) LuxQED 325100
SHERPA 2.2.11 SFS NNPDF3.0 (NNLO) 303200
Predictions to test various flavour schemes
: : MGAMC+Py8 SFS NNPDF2.3 (NLO 229800
Z+bb and Z+cc MGAMC+PY8 with 2 partons in NLO ME | \civicepes 75 ol i ENLoi e 321500
MGAMC+PY8 Zcc 3FS NNPDF3.1 (NLO) pcH 321300
Intrinsic charm (IC) predictions
NNPDF4.0 (NNLO) pcH (no IC) 332100
NNPDF4.0 (NNLO) 331100
_ _ | NNPDF4.0 (NNLO) EMC+LHCbZc -
MGAMC+PY8 with different PDF sets testing several CT18 (NNLO) (20 10) 12000
IC-models (PDF reweighting) | MoAMcPvs i CT18FC — CT18 BHPS3 14087

CT18FC - CT18 MCM-E 14093

CT14 (NNLO) (no IC) 13000
CT14 (NNLO)IC — BHPS1 13082
CT14 (NNLO)IC — BHPS2 13083

Fixed-order predictions with jet flavour dressing

Fixed-order predictions

2 corrections applied: (i) parton—hadron level and 5FS PDFALHC21

SFS PDF4LHC21

(i1) different jet flavour classifications
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P
p collisions Ht Vs =13 TeV arxXiv:2403.15093

. |
z + H F Resu Its M ‘ = 140 fb “ Subn}itted to EPJCt -

+ 5FS good description of data by both MGAI\/IC+PY8 FXFX and SHERPA 2.2.11
MGAMC+PY8 with higher AR(Z, b-jet)~m production (back-to-back)

+ Fixed-order: Large uncertainty on NNLO due to correction for different flavour jet classification

+ Adbb: good description of data by all predictions
4FS MGAMC+PY8 slightly underestimates collinear and back-to-back b-jets
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171" TE————
. Z+H F Resu Its ;“ \' PP collisions !-},t Vs = 13 TeV arXiv:2403.15093
= 140 fb1 I' Submitted to EPJ C -

+ 5FS good description of data by both MGAI\/IC+PY8 FXFX and SHERPA 2.2.11
MGAMC+PY8 with higher AR(Z, b-jet)~m production (back-to-back)

+ Fixed-order: Large uncertainty on NNLO due to correction for different flavour jet classification

+ Adbb: good description of data by all predictions
4FS MGAMC+PY8 slightly underestimates collinear and back-to-back b-jets
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Z 3 H F Re-;u ItS “ ‘ \' pp collisions !at Vs = 13 TeV arXiv: 2403 150903
— , = 140 fb1 “ Submitted to EPJC -

+ 5FS: soft pt spectra well described by I\/IGAIVIC+PY8 FxFx and SHERPA 2.2.11, which underestimate data for
p>100 GeV. Reasonable agreement with data for xr.

+ 4FS: reasonable pr and xr modelling by MGAMC+PY8

+ 3FS: MGAMC+PY8 underestimates data by a factor ~3 - lack of logarithmic resummation in PDF evolution

+ Fixed-order: NLO predicts softer pr spectra, small improvement with NNLO. Reasonable description of xr.
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