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https://arxiv.org/abs/2405.05078
https://indico.cern.ch/event/1339555/contributions/6041066/
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Nuclear PDFs

HP 2024 B. Gilbert

<> Top quarks provide novel probes of

e UPC dijets 5.02 TeV
(arXiv:2409.11060), by B. Gilbert 102

ige - < 108 -
nuclear modifications to parton randl 3 e
distribution functions (nPDF). O [ | comsmos ]
I 5 L «  nADrell-Yan CMS 5 TeV pPb Dijets _]
+%* World data constraining nPDFs are shown o 10 E e
on the (x, @2) plane. C E—
10%s
% Recent ATLAS measurements cover B
a large phase-space region: ol
10°¢

o dijets 8.16 TeV p+Pb Poster 10/ / i Ji
(PRL 132 (2024) 102301), : / W /
_ 17 L \HHH‘ L \H/H L \HHH‘ _A_LJ_u_TIJ__L; L
o 1t8.16 TeV p+Pb 10° 10% 10° 102 10 1

(arXiv:2405.05078). X
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https://doi.org/10.48550/arXiv.2409.11060
https://indico.cern.ch/event/1339555/contributions/6040924/
https://doi.org/10.1103/PhysRevLett.132.102301
https://indico.cern.ch/event/1339555/contributions/6040971/
https://arxiv.org/abs/2405.05078
https://indico.cern.ch/event/1339555/contributions/6040924/
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Gluon PDF

* The gluon nPDF is important QM 2022 P. Paakkinen
for perturbative calculations in )

QCDat LHC energles 1-8 T TTTTmm T H??\O/O\C:I\_\HHHI‘S\ T TTTTIT T 1T
o - 1'6;pr=7fgb 7
%* Large uncertainties for gluon 141 9 ZfJ+Nf] -

nPDFs at high Bjorken-x
values.

1.2
1
0.8

K/ iy
%* Top quarks are sensitive

_ 2
RPP(x, Q2 =10GeV?)

to gluon nPDFs in the high 0.6 = EPPS21 1
Bjorken-x region. 04 | u RQ'IIEIEPQDE\'/\(I)ZSIH N
0'3 i TUJU21NLO |’
‘:‘ An enhancement in t? _5\ | \HHH_4\ | \HHH_3\ | \HHH_Z\ | \HHH_l\ IR VN
production is expected 10 10 10 X 10 10 1
compared to pp collisions.
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https://indico.cern.ch/event/895086/contributions/4615173/attachments/2424454/4150484/QM2022_Paakkinen.pdf
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Top-quark pair production

%* The top-quark pair ({f) production is studied
in p+Pb collisions.

%* The tf cross section is measured in the
combined ¢+jets and dilepton channel.

** The first measurement of the nuc_lear
modification factor R, for the tf process.

e+el%
H+u1%
T+T1%

=
E] e +p2%

e+12%

*®* Measurements by CMS:

\H+TZ%
p+Pb (PRL 119, 242001 (2017)),
Pb+Pb (PRL 125, 222001 (2020)).
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https://doi.org/10.1103/PhysRevLett.119.242001
https://doi.org/10.1103/PhysRevLett.125.222001
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p+Pb data in ATLAS

** p+Pb data at \/Sxy = 8.16 TeV
collected in 2016 by ATLAS.

®* The luminosity of 165 nb™,
split into 57 nb™! (p+Pb)
and 108 nb™' (Pb+p).

*®* Final luminosity calibration with
a relative uncertainty of 2.4%.

Event display of a p+Pb collision containing a tt candidate.
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MC simulation

% MC samples produced using Powheg+Pythia 8 4—@2
and Sherpa generators.
P P
% Two isospin configurations: £,
proton-proton (pp), proton-neutron (pn). — < ®
¢ Two beam configurations: P P

® o -
» «

proton-lead (p+Pb), lead-proton (Pb+p). @

¢ Events embedded into real p+Pb data forming
overlay samples.

P
o, - %—V —)
%* Signal: tt,

n

Background: single top, W, Z, diboson. P
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Event selection

L+jets Background
e+jets u+jets e Single top,
e 1 electron, e 1 muon, o Wijets,
e 0 muons, e 0 electrons, o W+b,
o atleast 4 jets. o atleast 4 jets. o W+c,
o Wilight,
Dilepton o ZHjets,
o Z+b,
ee 278 eu o Z+c,
e 2 electrons, e 2 muons, e 1 electron, o Z-+light,
e 0 muons, e 0 electrons, e 1 muon, e Diboson,

e opposite sign leptons, e opposite sign leptons, e opposite sign leptons, ¢ Fake lepton.

o my > 45 GeV and o my > 45 GeV and e My > 15 GeV,
mye ¢ (80—100) GeV, mye ¢ (80—100) GeV,
e atleast 2 jets. e atleast 2 jets. e atleast 2 jets.

Patrycja Potgpa Hard Probes 2024 8
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Lepton reconstruction

*®* Electrons must have pr > 18 GeV
and || < 2.47, pass Medium

oL . e+jets dilepton
identification and be isolated. ] P
3 LI R I I N R < LA R R R R R R
Q2 < 5 AILQSS =8.16 TeV, 165 nb™ ha ] S o AIIF:;\SS =8.16 TeV, 165 nb™ & o E
%* Muons must have pr > 18 GeV L T B eon § B[ o T =
and || < 2.5, pass Medium § o o W ] o P mzo o
. D, ! We E [Ez+c 3
requirements and be isolated. NG I = P
10° EzZ+c E [l Fake lepton E
o Eéfb'igm ] } 77, Uncertainty
%* Low-pileup egamma calibration Wrackpon 3 .
. 77 Uncertainty 1 ]
and dedicated electron and muon " i 4
scale factors are applied 1t w
(EGAM-2022-01). - 13
[ PO fll by &1'2546,5+11,1+lf t1r
%0.75' e Ifll; Tl §0.75 LIRS J;I
0:0 Fal'(e_lepton backgrou-nd iS S 05574060 80 100 120 140Le:'i(:‘ pﬁgev] S 0554660 80 100 120 140Le;'t;(:‘ pﬁgev]
estimated from data using the
matrix-method technique.
Patrycja Potgpa Hard Probes 2024 9


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2022-01/
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Jet reconstruction

** Jets are required to have
pr > 20 GeV and |n| < 2.5.

Mean jet response Jet pr resolution

% Jets are reconstructed using the e ﬁlt’ﬁpf'i;"i?'ﬁm o o] 3 QEE‘FPT'ELEWM s
anti-k; algorithm with jet radius of & t*u,ess,i«,,91\mfz%,,,,,,,,,,,S,y,sf,u,n,c,eil ,,,,,,, f O Brieter =04, ni<25 ot E
R=0.4. N 18 %

;f 0.9] *:g,;é:ﬁ: O'Sfﬁ 7

% Jet calibration uses simulaton £ + R S ]
and in-situ measurements of the Y e
absolute energy scale ¢ TS g gy
(JETM-2023-001). il P — e S m—

0.9} .8

b b b b b L] [ e e e e e .
%* Jets with b-hadrons are tagged Pree Price
using the 85% efficiency working ) i
point of the DL1r algorithm JETM-2023-001
(EPJ C 79 (2019) 970).

S
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2023-001/
https://doi.org/10.1140/epjc/s10052-019-7450-8
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2023-001/
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Signal regions

7
%
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Signal regions
are defined using
H distributions.

H:/ is the scalar sum
of lepton and jet pr.

Six signal regions:

101b e+jets,
1/2bincl e+jets,
1/1b p+jets,
1/2bincl u+jets,
201b,

2¢2bincl.

Measurem

[e]e]e]e]e] lele)

e+jets

Results
000

u+jets

dilepton

3 T T T 3 T T 3 T LA
8 ATLAS ~+-Data S ATLAS ~+-Data E 8 gof ATLAS --Data
3 800 p+pb (5, =816 Tev, 165 b mm 3 p+Pb |5, =8.16 TeV, 165 b i 2 p+Pb 5., =8.16 TeV, 165 nb” T
§ 700 110 etets [Msingletop 3 H 101 pjets [Msingletop § 70F 210 [@single top
@ Post-Fit [ @ Post-Fit a Post-Fit Wz
600) e E| 60 Wz+c
Wz -ight —_
500] = 50} [piboson
WFake lepon 3 O~
400 Wz Wz+ight 49 7 Uncertainty T
[CJbiboson [Coiboson ] M , ‘—CD .
300] WFake lepton WFake lepton
200) 7/ Uncertainty 77 Uncertainty 20
10|
of o
1. 1 1
< < < 3
2 o | B ] e a
S o o émﬁ% ¢ ! éom‘?q ¢ 1
S %305 7300 300 400 500 600 700 800 900 1000 & °foo 200 300 400 500 600 700 800 900 1000 & *f00 700 300 400 500 600 700 800 900 1000
Hy' [Gev) HY (GeV] 1Y (Gev)
3 BAMALALALA AR aA LA Al AR 3 BAMALAMA AR LR R AR 3 LASLARAR RN AN AR AR
& 350l ATLAS —-Data 8 ATLAS —+-Data 8 gofF ATLAS 4-Data
b p+Pb (5= 8.16 TeV, 165 nb” I G 250 p+Pb |5, =8.16 TeV, 165 b [t 2 p+Pb |5, =816 TeV, 165 nb*
5 a00f 126nc) evjets [ESingle top H 1126incl priets [Single top 2 80 2126incl [ Single top
H Post.Fit H PostFit & F Postrt Wb
250f 200 Wz+c
| W +light 60| Wz +light | \/
? [CIiboson
200
150 50 WFake lepion 3 N\)
Wz +ight Iz +light 4o} 7 Uncertainty
150 [CIbiboson 10| [Coiboson o
Fake lepton WFake lepton 30 T
100| 7/ Uncertainty 77 Uncertainty -
. 20
50) . 1o
of
5.1 g L g L
g 125E f L ] 8 125 T ] 8 125 j T
S ¥ Lo 4 S L3 4 < S S
S 0.75 T T S o7t T S 075
g g 5
S %60 200 300 400 500 600 700 800 900 1000 O Cf0o 200 300 400 500 600 700 800 900 1000 O *f00 700 300 400 500 600 700 800 900 1000
Hy' [Gev] HY [Gev] H [Gev]
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Fitting procedure

o . . S
9,0 . 2 10 T T T T T =
#* Signal strength definition: B .
s g a n?etaseredgt thg)re;/ tio § ATLAS ¢ Data Wit [Single top
g = 0 ured /o g i p+Pb Vs = 8.16 TeV, 165 nb-! Ew+  @W+c W +light
Post-Fit Wz+b Wz +c Wz +ight

[JDiboson [ Fake lepton 7/ Uncertainty

% gz is determined by a
profile-likelihood fit to
H/ data distributions.

** The highest signal statistics
in the /+jets regions with
>2 b-jets.

*®* The cleanest signal region

in the dilepton channel with : - - - -
>2 b'JetS 1£1b etjets 101b u+jets  1£2bincl e+jets  1£2bincl p+jets 201b 202bincl

Data / Pred.
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Systematic uncertainties

Pre-fit impact on p: Dm
o ) ) o 0=0+0 [ 16=0A8 02  -0.1 0 0.1 0.2
** Main systematic uncertainties: Postfit impact on jt: A
. t I . I d ” 6=0+0 0="08-n0 ATLAS
jet energy scale, signal modelling. e oo, pararm. ol | p+Pb Ve =816 TeV, 165 i
o, . .
** The total systematic uncertainty: 8%. Fekeieptonseeigrouna e 10 =
Fake-lepton background e+jets 16 -
A / 1t acc. PhH7
It/ 0t Luminosity
Source unc. up [%] unc. down [%)] ff modelling FSR
Jet energy scale +4.6 -41 JES
tt generator +4.5 -4.0 JES Pra
Fake-lepton background +3.1 -2.8 e b":agg'"zf: =
Background +3.1 2.6 B
Luminosity o +2.8 -2.5 Muon identification SF
Muon uncertainties +2.3 -2.0 Electron identification SF
W+jets +2.2 -2.0 JES flavour response
b-tagging +2.1 -1.9 Wb background 2b
Electron uncertainties +1.8 -1.5 Single top DS
MC statistical uncertainties +1.1 -1.0 Fakerepton b;“i’:’“?"ﬁ“:‘es‘z
Jet energy resolution +0.4 -0.4 i
tt PDF +0.1 -0.1 Electron reconstruction SF
Systematic uncertainty | +8.3 -7.6 N R R T
(0-6,)/00
Patrycja Potgpa Probes 2024 13
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Cross-section measurement

** Signal strength is translated to the
cross section:

L B B BN UL NUNLLALE B
o = Wi App - ag’ . ATLAS p+Pb |5 = 8.16 TeV, 165 nb™*
e e
N _ 1£1b etjets —-o-— |th =114 5% 012
o ion- "
#* Measured tt cross section: 11b wriets| e b =069 02 wou
- +4.8 )
og = 58.1+2.0 (stat.) 745 (syst.) mb. 000 evjets HeH ho=0987%1 0%
1£2bincl p+jets Ko M, =100 oo oo
*, . . 3 . H
** The first observation of tt production 201b ——e—m u =123 nEoon
in the dilepton channel in p+Pb o5 incl - bo=12379% 0
collisions. T e BT e
Combined | l".'l ‘ ‘“K = l-‘04 <009 -003

. 05 1 15 2 25 3 35

** The total uncertainty amounts to 9%,
the most precise tt measurement in
heavy-ion collisions.

Patrycja Potgpa Hard Probes 2024 14
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Measurement
00000000

Results
(o] le}

Comparison to theory and other measurements

+®* Consistent with the CMS result in p+Pb
collisions (PRL 119, 242001 (2017)).

% Consistent with the cross section in
pp collisions (JHEP 07 (2023) 213),
scaled by Ap, = 208 and extrapolated
to /s =8.16 TeV.

*®* Good agreement with NNLO+nPDFs
predictions.

Patrycja Potgpa

ATLAS

MCFM TuJu21

MCFM nNNPDF30

MCFM nCTEQ15HQ

MCFM EPPS21

CMS 8.16TeV p+Pb

ATLAS+CMS 8TeV pp (extrap.)

————TT——
p+Pb s =8.16 TeV
165 nb™

I Data total unc.

| Data stat. unc.

PRL 119 (2017) 242001

JHEP 07 (2023) 213

0 20 40
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https://doi.org/10.1103/PhysRevLett.119.242001
https://doi.org/10.1007/JHEP07%282023%29213
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Nuclear modification factor

+%* Nuclear modification factor definition:
p-+Pb
Ron = —t
P Apy - thqtp

+* Measured nuclear modification factor:
Rpa = 1.090+0.039 (stat.) T4 (syst.).

*® The largest difference for the
NNNPDF30 prediction.

MCFM TUJU21

MCFM nNNPDF30

MCFM nCTEQ15HQ

MCFM EPPS21

Results
[efe] ]

——T T
p+Pb |Sy, = 8.16 TeV
165 nb™

I Data total unc.

| Data stat. unc.
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Summary

Observation of tt production in lepton-+jets
and dilepton channels in p+Pb collisions

e Measured tt cross section:
o7 =58.1+2.0 (stat.) J_rf{:i (syst.) nb.

e Measured nuclear modification factor:
Roa = 1.090 + 0.039 (stat.) 75557 (syst.).

e The first tt observation in the dilepton
channel in p+Pb collisions at the LHC.

e The most precise tt cross-section
measurement in heavy-ion collisions.

Patrycja Potgpa Hard Probes 2024

Results
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ATLAS HI public results

T T
ATLAS p+Pb |5, = 8.16 TeV

165 nb”
[l Data total unc.
MCFM TUJU21 | Data stat. unc.
MCFM nNNPDF30
MCFM nCTEQ15HQ

MCFM EPPS21

CMS 8.16TeV p+Pb o PRL 119 (2017) 242001

ATLASHCMS 8TeV pp (extrap.) JHEP 07 (2023) 213

20 40

«
3

80 100
O, [nb]

—
p+Pb Sy = 8.16 TeV

165 nb™

[l Data total unc.

| Data stat. unc.

MCFM TUJU2L

MCFM nNNPDF30

MCFM nCTEQISHQ

MCFM EPPS21



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavyIonsPublicResults
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