Electroweak probes of small and large
systems with the ATLAS detector
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Why Do We Measure EW Boson Yields?

® p+p
— High precision test of pQCD
— Baseline for p+Pb & Pb+Pb
* pPb
— Study nuclear modification of PDF

e PbPb
— ‘Standard candle’ to gauge QGP effects
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Why Do We Measure EW Boson Yields?

® p+p
— High precision test of pQCD
— Baseline for p+Pb & Pb+Pb
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— Study nuclear modification of PDF

—_—
| ATLAS Preliminary
| pp, Vs=8 TeV, 19.4fb"
0.5<p?"<5.0 GeV
1.02— <Py < ©
2.0<lAn|<5.0
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* PbPb 2o
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'g [ § % inclusive jets 2.76 TeV
T 14 \\ v (0-10%)

— ‘Standard candle’ to gauge QGP effects o

L ATLAS Preliminary
08 0-30% Pb+Pb / pp
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Why Do We Measure EW Boson Yields?

This Talk!

e p+p:Z @ 5.02 TeV

— High precision test of pQCD

— Baseline for p+Pb & Pb+Pb : ( L
e pPb: Photons @ 8.16 TeV (and Z @ 5.02 TeV) ===

— Study nuclear modification of PDF
e PbPb: W&Z @ 5.02 TeV S o B

— ‘Standard candle’ to gauge QGP effects E

P
| ATLAS Preliminary
| pp, Vs=8 TeV, 19.4fb"
0.5<p?"<5.0 GeV
1.02— <y < ©
2.0<lAn|<5.0

ssssss

C(Ap)

L ATLAS Preliminary
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ATLAS at the LHC

e ATLAS has:

e Charged particle tracking = electrons and muons (photon veto)
e Calorimetery—2>electrons, muons, and photons

44m

* Muon Spectrometer — —

25m (\

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
.............. g Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiatfion tracker
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/ Bosons in p+p @ 5.02 TeV
(ATLAS-CONF-2016-107) \
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Event Selection
Z-> UM

> | E:

. 247 +1.3 pb- of data iof_ﬁprﬁiiifl'?v'”;? oo
* 14 GeV muon trigger % " e
» Opposite charge muons o o L :a:“ 3
* pr>20 GeV, |n|<2.4 Ly i"‘","" ".‘ E
« High quality muons 10 '”**{

Good ID and MS signals
* |solated muons 1“--—_ R

No close by energy in calorimeter (2319'_16 i =
- 66<m, <116 GeV : }::%H JFH* e "*+++H m E
« 7293 counts 08 }%
» Background = 0.3% L R
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Cross Section

Correct to fiducial volume:
¢ 66<m,<116 GeV
* yz|<2.5
* (all muon kinematics)
Correct for detector/trigger
efficiency
Dominant uncertainty from
luminosity — 5.4%
Other uncertainties = 2%

Gy X BE(ZIy*— Il) [nb]

10—2 I

Phys. Lett. B 759 (2016) 601

ATLAS Z/y*— 1l == Z/v* (pp)
CMS Z/'/*—) 1l — Z/y* (pp)
CDF Z/y*— ee/un
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Cross Section

 Correct to fiducial volume: Phys. Lett. B 759 (2016) 601
* 66<m;<116 GeV R S
= ETw
. |yZ|<2'5 T E ® UAT Zytse
* - O uA o e
* (all muon kinematics) N [ e m
. s |
» Correct for detector/trigger < 1L "
efficiency & ATLAS
. . i 13 TeV, 81 pb™
« Dominant uncertainty from
1021 CT14NNLD
luminosity — 5.4% - ’ ——

 Other uncertainties = 2% 's [TeV]

Measured cross section: 590 £9 (stat) £ 12 (sys) £ 32 (lumi) pb
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Rapidity Differential Cross Section

< 04— 1T ]
c = ATLAS Preliminary -
'\%0-35:— pp, Vs =5.02 TeV, 24.7 pb™’ -
S 03 -
0'253_’_';‘—0—‘_: _f
0.2- =
0.15F =
0.1 :_ —¢— data (statistical uncertainty) _:
g |:| systematic uncertainty g
005:_ Powheg+Pythia CT14 _:
0: 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I:

0 0.5 1 1.5 2 2.5
12

Good shape agreement in rapidity

Zvi Citron
21272 DNOOIVNR 19

Ben-Gurion University of the Negev

QM 2017 Venice, 16 May



Photons in p+Pb @ 8.16 TeV

(ATLAS-CONF-2017-072)
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Event Selection

e 162 nb™ of p+Pb data recorded (56 nb1/106 nb p+Pb/Pb+p)

e VsNN =8.16 TeV; Pb accelerated with 6.5TeV X Z/A per
nucleon = y =y@k+0.465

e Trigger on photon events selected in calorimeter, [n| < 2.37

e Offline select:

— E;¥>25 GeV

— Isolation selection tuned for this dataset: E;5°<4.8GeV +4.2 X103 E;”
e Correct for background with ‘double sideband” method

— Purity: 60% @ 25 GeV—2>80% @100 GeV = 99% @300 GeV

Correct for efficiencies based on MC simulation o
ATLAS 201217712 NVOIDIR 12
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Photon Cross-Section High xeo

;‘ 106 T
S o= 110 < n* < 1.91 2.83 < n* < -2.02
Lu% 10° ___
o 3 -_—
5 10 -

10°E ATLAS Preliminary ™= -

10k¥s =8.16 TeV p+Pb, 162 nb™" e =

1 E Data - — ]

10 JETPHOX + CT14 + EPPS16 -I-l-
% 1.4F — ' . + E3 r
0 q2F | = E
> 13 O I o o PR IO s O InsBES | IR PR I P v D P 5 P e e B 0 | I v e D D N I o B E
o E | 11 1 1 | I | |_L_7L + | 1 1 1 1 1 1 | B B | + | 1 1 1 L1 1 1 & |]
2 08g i3 ES E
" 06 , E3 , + , 3

30 40 50 10° 2x10°  El[Gev] 30 40 50 10° 2x10°  El[Gev] 30 40 50 10° 2x10°  E![GeV]
Photon spectra + pQCD calculation
Uncertainties include:
@ Isolation& selection: 10% at lowest E; and decreasing
Energy scale 5-10% (higher at low E- forward n) 2vi Citron
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Nuclear Modification Factor

. dO'p+Pb_)y+X/dE7){
Pb —
PTY AxdoP*PovEX [dEY
g 2: ! ! ! ! ! L I 1 1 1 :: 1 1 1 1 1 LI I 1 1 1 :: 1 1 1 1 1 LI I 1 - - 1 1
o 1.8F Am T r
(e 1.10< n* <1.91 Ed -1.83 < n* < 0.91 E3 -283<n"<-202 T
H {
1.2F I ﬂ T + ;
MmEas el S [ s
8'25 ATLAS Prelim I JETPHOX i sz + ;
.o reliminary 1 -I n -
; 1 ct14 Free PDF T
0.4EVs = 8.16 TeV p+Pb, 162 nb™ |FH F- ee E*H £ :
OZ:—E Data E:— CT14 + EPPS16 _:_ _:
O: . o . . . ¥ . . L I . oy o . ]
4 10° 2x10? 2 %102 2 2
30 40 E [GeV] 30 40 10 2x10 E! [GeV] 30 40 102 2x10 E! [GeV]

High precision probe of nucleus over a large kinematic range

Not (yet) sensitive to difference between modified nPDF and standard

Zvi Citron
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(Some context from Z bosons @ 5.02 TeV)

| B e N ATLAS-CONF-2016-107

mi; - ATLAS Preliminary
1.3 p+Pb 2013, 29 nb’
- p+p 2015, 24.7 pb’
— Sy = 5.02 TeV
Calculation = ‘
based on 7, (i Emeepoces s ™
nPDF, overla - \4’,\ |—<L
onto Rpp 0. aF.— Data, statistical uncertainty |
"E [1Data, systematic uncertainty
0.7 Luminosity uncertainty
- — MC Simulation
oo by by by v b b b b g b vy
Phys. Rev. C 085 215 1 05 0 05 1 15 .
92, 044915 y*
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(Some context from Z bosons @ 5.02 TeV)

o 1A e
5 F ATLAS Preliminary
1.3 p+Pb 2013, 29 nb’
- p+p 2015, 24.7 pb’
1.2; Syn = 5.02 TeV
Calculation 11E * ‘
based on : :\ir\ ; S
nPDF, overlaja, o+ \4’,\ |——\L
onto Rpp 0. aF.— Data, statistical uncertainty |
"F []Data, systematic uncertainty
0.7 Luminosity uncertainty
- — MC Simulation
oo dbvvn b by b v b b b g b gy
Phys. Rev. C 085 295 1 05 0 05 1 15 2 2
92, 044915 y*

ATLAS-CONF-2016-107

0.65+

Ke) 1.4_||||Ill||||||||||||||||||||||||||||||||_
e = 40-90% Centrality ATLAS Preliminary 7
1.3 p+Pb 2013, 29 nb" 3
= p+p 2015, 24.7 pb" ]
1.2 Sy =5.02 TeV E
1.1 -
1E T v
0.9F =
0.8C-— Data, statistical uncertainty =
0 7E_D Data, systematic uncertainty E
"F  Luminosity & T__uncertainty
= el PP e
-2

NN 1111

Ll L
-15 -1 -05 0 05 1 1.5

<

Low Xpy,
high x,, &
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(Some context from Z bosons @ 5.02 TeV)

o 1A e
5 F ATLAS Preliminary
1.3 p+Pb 2013, 29 nb’
- p+p 2015, 24.7 pb’
1.2; Syn = 5.02 TeV
Calculation 11E * ‘
based on : :\ir\ ; S
nPDF, overlaja, o+ \4’,\ |——\L
onto Rpp 0. aF.— Data, statistical uncertainty |
"F []Data, systematic uncertainty
0.7 Luminosity uncertainty
- — MC Simulation
oo dbvvn b by b v b b b g b gy
Phys. Rev. C 085 295 1 05 0 05 1 15 2 2
92, 044915 y*

ATLAS-CONF-2016-107

g lA4p— g
= = 10-40% Centrality ATLAS Preliminary 7
1.3 p+Pb 2013, 29 nb’

o p+p 2015, 24.7 pb'
1.2 Syy = 5.02 TeV
1.1 l

RN

———Data, statistical uncertainty
E_D Data, systematic uncertainty

Luminosity & 'I’;Pb uncertainty
L L | L
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(Some context from Z bosons @ 5.02 TeV)

o 1A e
5 F ATLAS Preliminary
1.3 p+Pb 2013, 29 nb’
- p+p 2015, 24.7 pb’
1.2; Syn = 5.02 TeV
Calculation 11E * ‘
based on : :\ir\ ; S
nPDF, overlaja, o+ \4’,\ |——\L
onto Rpp 0. aF.— Data, statistical uncertainty |
"F []Data, systematic uncertainty
0.7 Luminosity uncertainty
- — MC Simulation
oo dbvvn b by b v b b b g b gy
Phys. Rev. C 085 295 1 05 0 05 1 15 2 2
92, 044915 y*

ATLAS-CONF-2016-107

T v e o

£ 0-10% Centrality | ATLAS Preliminary 7
1.3F p+Pb 2013, 29 nb’
p+p 2015, 24.7 pb'
1.2 Syn=5.02 TeV

1.1

Rpr

¥

0.9

JF
+
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L L | L

-15 -1 05 0 05 1 1.5

0.8

o
\'

©
Ke2)
N [TTTT

<
Nyl

Low Xpy,
high x,, &

EXPERIMENT QM 2017 Venice, 16 May

Zvi Citron
21277-12 YOI 18

Ben-Gurion University of the Negev



W&Z Bosons in Pb+Pb @ 5.02 TeV

(ATLAS-CONF-2017-067 & ATLAS-CONF-2017-010)
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W Boson Event Selection

W u+v o ]
. =0.49 nb"! of data 8 re00b o, (on 0 1oV, 04D
+ 8 GeV single muon trigger Z ool .  Cokcemiaity
» Exactly one muon EEEEEMM
« p>25 GeV, 0.1<|n|<2.4 >0 Eot g
« High quality isolated muons 5 =S SRS
© 25245 (23123) W*0 candidates  §  feasssesrtytey- 4 e
« Backgrounds subtracted: “\E 0.8 807080 90 '160
. 6-12% from multi-jet g pi [GeV]
¢ ~3% from Z->pp
@ ¢ <1% from Z->tt and tops >

ATLAS 2)12)771-12 NYOIDIR 29
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Z Boson Event Selection

Z-> UM
e =0.49 nb' of data

T T T ‘ T T T T ‘ T T T T ‘ T T T
ATLAS Prellmlnary e oOpposite-sign pp data

» 8 GeV single muon trigger % 103%::53’3%23 %%E%Qn”“dat
« Opposite charge muons S s
. p+>20 GeV, |n|<2.5 10= Forae,
* High quality muons . %f HT # ‘Hﬁ
* 66<m, <116 GeV 10 -
« 5326 counts i E s #ﬁﬁﬁ#ﬂfﬁ*&w +H’ T

» Background = 0.5% i = B %000 ”OM[G;V?O

 subtracted
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Rapidity Differential Yield

§ 7 ] g C T T L R A R B
— 0.15— — -1 - ¢ -
z : 3540 i bt
N - B LI - 2 — ———t
% B | QO | #h N X _I —
- - v — T —
“~ 04 gy | 500l Po+P, 8=5.02 TeV, 0.49 nb” 8
. o .. | imi
|\—/<E % Pb+Pb0-80% ATLAS Preliminary _ i @I’ff Preliminary |
= & do, /dy Pb+Pb, 0.49 nb™ | Hv == Data
0 pp, 24.7 pb™ - — POWHEG (CT10 NLO) x k.0 .
Z — — doy,/dy NLO QCD (CT10) x kynio ISy 15=5.02 TeV . — MCFM (EPPS16 NLO)
| NN’ ' _ - — MCFM (nCTEQ15 NLO) ]
| | PR IS ST SR SR NN S S S S
<12 - | | | | = 0= - 0 1 2
e i ] M,
1.1 — + # * ‘ T o) B T ]
L ‘ | g
1 B = & = " e e — - _
: == Sew u o
0.9 — inosi i — —_s [ I
i pp luminosity uncertainty ] i ,—4___._ — _FT.‘__,EI_I‘I"'P .
0 0.5 1 1.5 2 2.5 ~ 500l Po+PD. (8,=5.02 TeV, 0.49 nb” |
| | A'_I'LAS Preliminary
yz - Wouy = Data |
- — POWHEG (CT10 NLO) x Kyy.0
— MCFM (EPPS16 NLO)
- — MCFM (nCTEQ15 NLO) ]
|

Il I Il Il Il Il ‘ Il Il Il Il Il Il Il Il ‘ Il Il Il Il I Il
i
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Integrated Yield in Centrality

— T T T

o]

c 08— —
0 B + -
Al
¢ L |

N>

Pz B ® B

- 06 P+ + ¢ ® e [ ] —

/\:E [ |

= @ data (statistical uncertainty) ATLAS Preliminary n

- % [ systematic uncertainty Pb+Pb, 0.49 nb’ N

=z 04— [ I(T,,) uncertainty pp, 24.7 pb™’ ]

[ [#idop,/dy Sy 5=5.02 TeV 7
— —doy,/dy NLO QCD (CT10) x kynio m -
S T e R A S L L S [
< 14 =
12— e =
1 = # rrrrrrrrr * . Y o e =]
0.8 o _ —
C pp luminosity uncertainty -
0.6 =

0 100 200 300 400

N

< part >

» Centrality trend consistent with expectations
» (Peripheral is ~1.5 sigma higher ...)

NW—)uv

- ATLAS Preliminary 7
— Pb+Pb, \5,,=5.02 TeV, 0.49 nb™ -

- Wopuv .
: W*: =#=Data **** POWHEG (CT10 NLO) x Ky 0 :
. W: =% Data POWHEG (CT10 NLO) x kyy.o 4
AR T S R T T ST S SO ST T SO S NN SO SO ST M S

0 100 200 300 400
<Npart>

X EW
Raa(X)  Nppipp _ Oppipp

AA — =% EW
Rya(EW)  0ppipp  Nppapp

« High precision results: uncertainties are better on measuring

EW bosons than on T,, and luminosity

« Combined EW as a baseline for other hard probes?

Zvi Citron
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Summary

e EW bosons in pp, pPb, and PbPb at 5.02,8.16 TeV
e pp serves as high precision baseline

e pPb displays evidence for nPDF modification in Z
measurement, room to think some more about photons ...

e PbPb consistent with expectations (even w/out nPDF), high
precision—=> new centrality paradigm?

& ;;D Zvi Citron
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Backup Information
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ATLAS at the LHC

e ATLAS has:

e Charged particle tracking = electrons and muons (photon veto)
e Calorimetery—2>electrons, muons, and photons

44m

* Muon Spectrometer — —

25m (\

Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
.............. g Pixel detector

Toroid magnets LAr eleciromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiatfion tracker
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Reference Spectra for photon R ,

(ﬁ 3 B T T T T T T T | T T T -
3 -~ ATLAS Simulation Preliminary 4 ]
E 2.5 JETPHOX Pythia8 —
o) - e 2.37 < ' < -1.56 .
g ol e 1.37 < % < +1.37 i
Z}f T —  +1.56 < n® < 42.37 ]
I - _
< 150 -
=> — _
e C ]
3 1: ......................... TS .
051 —""1—,_:
O : 1 1 1 1 1 1 L 1 1 1 .I.;
10°
El [GeV]
@ Start with 8 TeV pp data
L Use simulation to define extrapolation factor in E; and

QM 2017 Venice, 16 May
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Rapidity Differential Yield

e

ATLAS Preliminary
Pb+Pb, 0.49 nb™
pp, 24.7 pb™’

ISy V5=5.02 TeV

’

g [
— 0.15—
%» B
> -t £ ®
© B o |
I/\< L
= 0.1 [ Pb+Pb 0-80%
:% 5 doy,/dy
Z —  — doyy/dy NLO QCD (CT10) x kynio
<1.271111‘1111‘1111‘1111‘1111
< L
T 11 - ; 7
, Eml— e
0.9 - pp luminosity uncertainty
o8 .. .
0 0.5 1

QM 2017 Venice,

nPDF (EPS09)
expected Raa
(provided by H.

Paukkunen)
W E— S
Zvi Citron
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Yield per Minimum Bias Event

Correct for detector/trigger efficiency

Divide by number of sampled minimum bias events in
lieu of luminosity

Divide by <T,,>

Uncertainty on <T,,>: 1-9%

Zvi Citron
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Rapidity Differential Yield in Centrality

E‘ [ ' ' ' ' ' ' ]

£ 015 + ]

%, L |

v _ o* a® ++ + s y

§o) B Ce | & + n

X 041 o ¢ Ok |

- | IPb+Pb 0-10% ATLAS Preliminary |
\_‘/_. -0 Pb+Pb 10-40% Pb+Pb 049 nb-1

-3 — & Pb+PDb 40-80% op, 24 2 ob™” —

Z - & do,,/dy e |

. doyy/dy NLO QCD (CT10) x kyuio ISy, 18=5.02 TeV l ]

= L e e e B B L O B A B B

12 ? + ° + +¢ + ° + ‘ E

1 e * """""""""""""" ﬂ """"""""""""""""""""""""""" *J+

0.8 o . —

B pp luminosity uncertainty ]

0.6 — | | | \ 4 E

0 0.5 1 1.5 2 2.

QM 2017 Venice, 16 May

Shown with comparison
to pp data

Largely consistent with
expectations (most
peripheral bin is ~1.5
sigma high)
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Photon Model Comparlsons

_n.g ‘: E: 1 1 1 LI I ] 1 1 1 LI I [} T I:
- 1.8 iy E E
16k 1.10< n*<1.91 T -1.83 < n* < 0.91 B -2.83 < n*<-2.02 E
1.4F 1L E= :
1.2F —— 1 5 3 3
3 T HHTTHTH i e T ;
08f -i: JETPHOX ] - ' \_
0.6 ATLAS Preliminary T T4 3 Bt £
0.4f-Vs = 8.16 TeV p+Pb, 162 nb™ [ i . .
0.2F E Data g neTEate ] ;
O M| 1 1 1 [ 1 ' 1 1 1 T 1 R R | 1 1 1 1
4 102 2x10? ? ? ? i
30 0 0 x10 E? [GeV] 30 40 10 2x10 E% [GeV] 30 40 10 2x10 EYT [GeV]
£ - : S ' s ' H
Q. X I ]

- 1.8 iy E B
1 6E 1.10< n* <1.91 T -1.83 < n*<0.91 E -2.83 < n*<-2.02 E
1.4F - E: -
| B 20 I 6 ol M O P e 0 - E
0.8; ;: l. Vltevetal R o ] 'T"'-'==:='.:.:;.-—. ;
0.6F ATLAS Preliminary . o Edoss E L =) PR
04pVs=8.16 TeV p+Pb, 162nb™ |FHE- _._.. |, = 0.35 GeV, A =1.51m " .
O-ZEData oo u—035Ger—1fm : E

G | L L L [ 1 ' A | 1 L T R S — Zvi Citron
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