COLUMBIA
UNIVERSITY

meImm e
M . s
! I’ ' '

i
=1

e o

[ pe——

A [ T i+ B

= 4 ~3 l'..l_. A L |

— e
- > —

S —

2ty
-~
-,
g

Heavy electroweak boson Mirta Dumancic

i i "l for the ATLA | ti
AT g Production in Pb+Pb collisions orthe ATLAS Collaboration
EXPERIMENT With ATLAS Weizmann Institute of Science

',\."’l
LAl 7’
AV

/

\




INntroduction

- heavy EW bosons produced in the hard scattering
- carry iInformation about the initial stage
-+ do not interact with the QGP

gluon interactions : :
medium expansion

deposit energy —
- . el cm—
1 p 4 e

- (g tn 2 N Y [:
; it P detector

<<1 fm/c ~0.5-2 fm/c ~10 fm/c ~10-20 fm/c ~20-30 fm/c

time [fm/c] pre-hydro hadronization chemical thermal
freeze-out™ freeze-out™

*depends on the hadron species, times quoted for p and A for 2.76 TeV Pb+Pb
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- nuclear Parton Distribution Functions (nPDF)

- Glauber model and binary scaling
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https://link.springer.com/article/10.1140/epjc/s10052-017-4725-9
http://dx.doi.org/10.1007/JHEP03(2015)022

Results in this talk: v syy=5.02 TeV, Run 2 data

proton+proton nucleus+nucleus

—>
o — <«—9 '
e

25 pb-1, 2015 0.49 nb-1, 2015

* “W and Z production in 5.02 TeV pp collisions”, Eur. Phys. J. C 79, (2019) 128

* “Measurement of W bosons production in Pb+Pb collisions at 5.02 TeV with the
ATLAS detector”, HHON-2018-25

e “Z boson production in Pb+Pb collisions at 5.02 TeV measured by the ATLAS
detector”, ATLAS-CONF-2019-024

— |ncrease in yield by factor of & for £ and 7 for W compared to Run-1

&) EW bosons in Po+Pb IS2019, June 25th 4

EEEEEEEEEE



W// boson reconstruction with ATLAS

* single lepton trigger (8/15 GeV for u/e)
* inside precision region of the detector (|n|<2.5)
* high quality reconstruction requirements on the lepton

e minimize hadronic activity around lepton (isolation)

o meiSS — - _:rtrack: mT:\/ ZIOT IO_I_miSS(1 'COSA¢)

Z selection \V selection

p-miss > 25 GeV

mT > 40 GeV
Z veto: mes>66 GeV excluded

opposite charge e/u
66<myee<116 GeV

EW bosons in Pb+Pb 1S2019, June 25th
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Background: £ boson

e EW processes: Z—11

simulated

>
e top quark production 0.1% for e/u

* multi-jet: data-driven estimate of 2%(0.5%) for e(u)

* photon-induced: estimated in peripheral region 50-100% centrality

74 ATLAS-CONF-2016-025
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I\/’ML [GeV]
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Sackground: Z boson

* photon-induced: isolated in ultra-peripheral region 80-100% centrality

large rapidity gap in the event used for background removal
e requiring coincidence in ZDC signal for 50-100% centrality interval

 residual background estimated at the level of 0.5%

>
8 10% §_ATLAS Preliminary e Data
B = Pb+Pb, |5,,=5.02 TeV, 0.49 nb™ E%éME“ﬁt
i c B ackgroun
y+y—£+¢- candidate S 10% =0 gk = Multfet
Pb+Pb 5.02 TeV it 1100% centrally mZooT

Top quarks
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Sackground: VW boson

EW processes: W—rty, 2284, Z— 11

top quark production

simulated
bl 5, (5%) for e(u)

in-flight decays of kaons and pions, photon
conversions or misidentified hadrons

multi-jet: semileptonic decays of HF hadrons,

template-fits

20% (12%) for e(u)

- ARRRRREN RARRERERS I R RN RN IR 3 <
2 6000F ¥ 4 & 1000
© - i =
_+ - )
>000; +Y & 800
C -o-Data B >
4000. Rt 3
3000~  mmW 0.49 nb™", 0-80% E
: — AN Pb+Pb, |5,,=5.02 TeV 400
2000~ WmZouu ATLAS Preliminary
u B ]
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—2 1
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photon-induced: suppressed by requiring ZDC coincidence in 50-80%

0.49 nb™", 0-80%
Pb+Pb, \/ Sy=2-02 TeV
ATLAS Preliminary

-~ Data

W —sev
B Multi-jet
BW-tv

WLt
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90 100
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Fiduclal cross sections

e fiducial cross sections:

W+: 2266 + 9 (stat) + 29 (syst) + 43 (lumi) pb

IN agreement

with NNLO pQCD

W-: 1401 + 7 (stat) = 18 (syst) + 27 (lumi) pb

Z: 374.5 + 3.4 (stat) + 3.6 (syst) + 7.0 (lumi) pb 1.2-1.7% measurement precision
a 120 [ A A L B B I B B
[ . ATLAS o Q ~ ATLAS 1 i
— = s=5.02 TeV 25pb' - — - '5=5.02 TeV 25 pb -
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60— o Data —ohet— — T Data N
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.+ NNPDF3.1 66<m;<116 GeV N - Py >25GeV + NNPDF3.1 % 3
ool * MMHT2014 pl >20 GeV - C m;>40 GeV « MMHT2014 ]
 « HERAPDF2.0 |nT|<2_5 EAA 350~ mj<25 = HERAPDF2.0 —]
- ¢ ABMP16 . - : ABMP16 -
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lead-lead results =wew*

ATLAS

EXPERIMENT

Run: 287038
Event: 237848612
2015-12-01 02:47:45 CEST

Pb+Pb, Vsyy = 5.02 TeV
Z+jet candidate
FCal 2E; = 2.40 TeV




W and Z yields versus nPDF predictions

e best agreement observed with free proton PDF (CT14) + isospin
 NPDF underestimate the yields at the level of 1-3o

e results consistent between W and Z measurements

Normalised yield versus |7| Normalised yield versus |y|
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Results versus NPDF NLO predictions

* no difference between free PDF and nPDF for lepton charge asymmetry

e Z boson Raaly): best agreement observed with free proton PDF (CT14) + isospin

Asymmetry versus |7

< 0155 Wt ffy ATLAS Preliminary
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Raaversus |y
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Rapidity distributions in centrality

Normalised yield versus |7

a ' | | o
Qo B ATLAS Preliminary ]
> o Pb+Pb, 0.49 nb T
O Lo pp,25pb |
R e Vs s=5027ev | 0-10%
© = ' B
- L Z 1T m 0
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:f; — & Pb+Pb 30-100% i 30' 1 OO O/ 0
) --do,, /dy |
< - ...cTi4 O o —
. - T —————+—+— -
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0.9 | ' N
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=

e nO significant difference in rapidity distribution between different centrality classes
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Sinary scaling: W boson

* vields show good agreement with predictions for Npart>200
> excess in peripheral 50-80% at the level of 1.7 (0.9)o for W- (WH)
* Raadeviates from unity due to isospin effect
> agrees with predictions up to 1.2 (0.4)o in peripheral and 1.1 (1.8)o in central for W- (W/*)

Normalised vyield versus <Npart> Raaversus <Npart>

— 22T T T T R
o - . < [T L B B B I
c — ATLAS Prellmlnary — < - - -
— — P o 1.6 ATLAS Preliminary —
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GV § PR T BT T PR
Tr /\:E i E; 7 - ﬂ _ ]
;2 ~ 1.6%//////////%////%// e » b R g B T T EBD&EF#H% -
- WS v 4Data -.CT14 ) - o _‘
1'4: W— I'v: #Data «CT14 PI >25GeV 1: Ol norm. une -
B m >40 GeV n —H.E ........ RN - T A A A =
1'2:_ HI(TAA> unc. |77I<25 B 0.8~ L L i B g e
5|.s I I o B N LA I o B o o o B e R B 0.6 p! > 25 GeV ]
o 8 L E """ Eﬂ.ﬂ.i"ﬁ.ﬂ-ﬂ"i‘ E"’ﬁ' ] - W's['v: 4Data --CT14 m, > 40 GeV :
A 0.8- ﬁ & ] 0.4 W=—1Iv: #Data --CT14 Inl<2.5 ]
Tl Lo b b Lo b Lo b Lo I A [ITRTENEN AFSATITEN A SRR AR ATAr AVAVATArI SATATAT R ]
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
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Sinary scaling: Z boson

e consistent with predictions within one standard deviation

» W/Z ratio constant over centrality and consistent with pp 5.02 TeV measurement

Normalised vyield versus <Npart>

= - ATLAS Preliminary : S
N L Pb+£’5b, %"1'9 nb™! ®  Glauber v2.4 | c
l pPp, |

3 500~ S (505,02 TeV 0 o7 ]
< 4001 .
WY } tow ¢ ¢

B ¢ ¢ N B

300— —

n::(‘ I i
1.2 __ + = === MC isospin __

Y é _

L é _|
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W/Z ratio versus <Npart>

- ATLAS Preliminary

. Pb+Pb, 0.49 nb ™’

- pp, 25 pb ™

C N E:;oz TeV

- 4 ‘ " ] i

B Pb+Pb  pp (isospin corrected)

C o [ w*z

- e w/z

T | | | | | | | | | | | | | | | |

0 100 200 300 400
<Npart )
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Binary scaling: Glauber MC comparison

 calculated with Glauber MC v2.4 and v3.2 (includes also the neutron skin effect)

 slope for Z inspected by linear fits: Raa decrease with Npart 10%+7% for Glauber v2.4
and 5%+6% for Glauber v3.2

e twoO versions consistent within measurement uncertainties for 2 and W

Normalised vield versus <Npart> Normalised yield versus <Npart>

) - imi - = I LA L BN NN RN LR T
= b ?prff oPQS'rTBqary o Glauber v2.4 12 220w [y ATLAS Preliminary -
2 500 BB Tev —peiah — _ Zg 2:_ Pb+Pb, s =5.02 TeV, 0.49 nb™
! :T % 1. - % ]
~ - 1>~ [ ’
% 400 $ =4 | =1.8F %% d -
= 18 Pt T Lt N e . i%....f%..i:ii...ﬁ....?.%...§§.¢.¢.H,;.m 5
i ] 1.4:_ -~ Glauber v2.4 p VS 95 GeV _:
— - MC isospin 7 i i Glauber v3.2 m > 40 GeV ]
B —MC isospin, Glauber v3.2 ] [ ....CT14 + neutron skin | '|i< o5 i
e — S CTTTY SETTTCTITY, [Tt feomneeegens ] 12 K B
S R I P e e :
0 100 500 300 400 050 100 150 200 250 300 350 400

W (N
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Comparison with HG-

Pythia predictions

s [

1.2

- Pb-Pb,
*  ALICE data, 8 <p_<20 GeV/c —

s\ = 5.02 TeV, charged particles, I 1< 0.8 -

HG-PYTHIA, PLB 773 (2017) 408

Phys.Lett. B793 (2019) 420-432

U T B BT R B i

0 20 40 60 80 100
Centrality (%)

e peripheral decrease In yield production
predicted by HG-Pythia model
(PLB 773, 2017, 408)

* agrees qualitatively with ALICE charged
hadron Raa suppression

EW bosons in Pb+Pb 1S2019, June 25th 18
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https://arxiv.org/abs/1805.05212

Comparison with HG-Pythia predictions

-:E_IIIIIIIIIIIIIIIIIIIII_ 1.6 — — — — —
a s i Pb-Pb, \s,, = 5.02 TeV, charged particles, In 1< 0.8 1 D::E : | ATLAS Plreliminary | | | :
12~ = ALICEdata, 8 <p_<20 GeV/c 5 - Pb+Pb, |sy=5.02 TeV, 0.49 nb” 7
- — HG-PYTHIA, PLB 773 (2017) 408 1.4 B .- -
~ ~ [ 2 -
L . } 1 . { \\ |
1— ¢ 1 I N —
AN ) i
0.8 ggbbiiaijgr St T .
0.2:— s S ) —: 0.6 L Data HG-Pythia (isospin corrected) _
" Phys.Lett. B793 (2019) 420-432 - " - ;V -
O_ I 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I ] __ + —_
0 20 40 60 80 100 0.41 | | ¢ 'l """ w | | =
Central'ty (OO) O | | | 20 | | | 40 | | | 60 | | | 80 | | | 1 00

. . , , Centrality [%]
e peripheral decrease in yield production

predicted by HG-Pythia model  compared for 0-80% centrality (small
(PLB 773, 2017, 408) smearing) and scaled with the isospin factor

e agrees qualitatively with ALICE charged e opposite trend measured for W and Z
hadron Raa suppression bosons in ATLAS

EW bosons in Pb+Pb 1S2019, June 25th 19
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https://arxiv.org/abs/1805.05212

Summary

* new results presented for W and Z boson measurements in 2015 Pb+Pb data

e

e Z boson measurement extended to 100% centrality

EEEEEEEEEE
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Summary

* new results presented for W and Z boson measurements in 2015 Pb+Pb data

* / boson measurement extended to 100% centrality &

nPDF
* the best agreement seen with free proton PDF including the isospin effect

* NPDF predictions underestimate the EW boson yields at the level of 1-3a

EW bosons in Pb+Pb 1S2019, June 25th 21
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Summary

* new results presented for W and Z boson measurements in 2015 Pb+Pb data

* / boson measurement extended to 100% centrality &

nPDF
* the best agreement seen with free proton PDF including the isospin effect

* NPDF predictions underestimate the EW boson yields at the level of 1-3a

Glauber model
* Raa In centrality overall constant with unity for W and Z within 1o

* |ndication of peripheral excess in measured vields at the level of 1-2¢ for W

* NO apparent suppression predicted by HG-Pythia observed in peripheral events

EW bosons in Pb+Pb 1S2019, June 25th 22
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Summary

* new results presented for W and Z boson measurements in 2015 Pb+Pb data

* / boson measurement extended to 100% centrality &

nPDF
* the best agreement seen with free proton PDF including the isospin effect

* NPDF predictions underestimate the EW boson yields at the level of 1-3a

Glauber model
* Raa In centrality overall constant with unity for W and Z within 1o

* |ndication of peripheral excess in measured vields at the level of 1-2¢ for W

* NO apparent suppression predicted by HG-Pythia observed in peripheral events

Thank youw!
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Sackup
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Comparison with other experiments

* ALICE at large rapidities consistent with CT14+EPPS16
Phys.Lett. B780 (2018)

:a 18 ™ l LA B I L ] T T l T T I L I T 1T ] T T ] § 1 -6 [~ T l T T T I T T T I T T T ' T T T I T T T I T T T I T T T ]
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%A;G.—z—mm‘, 4.0 < n, <-25,p > 20 GeV/c - 1.4F ]
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12 . 1E i
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y y
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0 L
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% ~ 12 [ Correlated Systematic = 6.3% - 1.2 ! T
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- ] 0.6E 20-90 %
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Comparison with other experiments

 CMS Run-1 data result: no significant nuclear modification observed

J. High Energy Phys. 03 (2015) 022

-6
> 0.7§1 OI | L I rril l T11 I | I | I IIII llll T T T I- § 2.5_I | I I I' L ] L ] L I | L Illl IIII LI I LI I—
S [ cMsPbPbys, =276 TeV 1 o | OMSisw=276TeV -
prd 0.6 B - —e— Z— |, |yl<1.44,p >0 GeVic .
© P . p[. —o— Z - I, 0-100% centrality N
- - . I pp luminosity uncertainty .
0.5_— ] : ]
77 : 150 -
- % Py, : _ ]
: o " } : : m :
0.3F ey - By d i -
| s !
0.21 13 ! )
| ——e— Z P, > 0 GeV/c, 0-100% centrality . B ]
N CT10 - 0-5_‘ -~
0.1 w2 cT10 + EPSO09 - i ]
O:I (| I L 11 I | . I 111 | 11 | | .| I 1 11 I 1 11 I | | | 1 I: O—I 111 | | | | . | | | | | | | 11 l—
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http://dx.doi.org/10.1007/JHEP03(2015)022

UPC background treatment for the Z measurement

* rapidity gap calculation rejecting the EM background in 50-100% centrality

e requiring 2An%ar<2.5 and the ZDC coincidence signal (34 events excluded)

S

2yANg,=atb+c

99az

i

Xn On

O
o
Q

............

ZDC,
- ,

Blair Daniel Seidlitz, Wednesday 3 pm
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UPC background treatment for the Z measurement

* NO gap if a photon-induced event is on top of hadronic production

* using acoplanarity to quantify background lepton correlations: Aco=1-|A¢|/m

ATLAS-CONF-2016-025

IlllIllllllllllllllllllllllll
ATLAS Prellrg;gmar){‘)

Pb+Pb — Pb '+Pb" "+u*+u
L. =515 ub’
16<|Y|<24

10<M < 100 GeV
@ Data
[ STARLIGHT
- = - Fitto STARLIGHT
— Data fit

107 A ... Background contribution

0O 0.01 0.02 0.03 0.04 0.05 0.06
Aco =1 - |A¢|/n

Corrected counts [/0.002]
)

EW bosons in Pb+Pb
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hadronic Z production yields 13.3+0.4% for Aco<0.01

in the rejected background sample (2Ang%ar>2.5)
76.5% have Aco<0.01

estimate additional photon-induced background by
comparing total yield to number of candidates with
Ac0<0.01 per centrality bin

remaining background: 18+8 out of 258 in 50-60%,
15+5 out of 182 in 60-80% and 7+3 out of 28 in
80-100%
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W vyields versus n

DF predictions

* best agreement observed with free proton PDF (CT14) + isospin

 NPDF underestimate the vields at the level of 10-20%

Normalised yield versus |7
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Binary scaling: Glauber MC comparison for W

 calculated with Glauber MC v2.4 and v3.2 (includes also the neutron skin effect)

* neutron skin effect largest in the most peripheral bin, where the predictions differ by
—1.4% (+1%) for W+ (W-) bosons relative to predictions calculated using a constant
proton-to-neutron ratio.
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Channel combination

using Best Linear Unbiased Estimate method (BLUE)
taking into account correlations across channels and measurement bins

- channels consistent in lepton pseudorapidity (dilepton rapidity) and event centrality
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Systematic uncertainties: Z boson

- leading contribution from the lepton performance correction

- constant contribution in centrality
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Lepton reconstruction performance: £ boson

* plots show lepton trigger efficiency (left) and reconstruction x identification

efficiency (right)
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W// boson reconstruction with ATLAS

* decay channels: Z—ee, Z—=uu, W—ev, W—-uv
» inner detector (|n|<2.5) - tracking electrons and muons, ptmiss for v kinematics

o £V calorimeter (n|<3.2) - electron ID and energy
FCAL (3.2<|n|<4.9) - centrality mapping

e muon spectrometer (|n|<2.8) - muon ID and kinematics

25m

Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector \

Toroid magnets LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
Semiconductor tracker

EW bosons in Pb+Pb 1S2019, June 25th
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ATLAS detector =

iInner detector for tracking and momentum
measurement

Pixel detectors
Barrel fransition radiation tracker

EM calorimeter: electrons and photons A N \ renation
FCAL for Central ity mappi ng End-cap semiconductor fracker | n I< 2 i 5

muon spectrometer Inl<1.4

Thin-gap chambers (T16C) Tile barrel Tile extended barrel

F Cathode strip chambers (CSC)

LAr hadronic
end-cap (HEC)

LAr electromagnetic
end-cap (EMEC)

LAr electromagnetic S

barrel
LAr forward (FCal)

Inl<4.9

chambers (RPC)
‘ End-cap toroid
Monitored drift tubes (MDT) I n | < 2 . 8
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Measurement corrections: /W and Z boson

* W boson
> bin-by-bin unfolding in pseudorapidity and centrality

> correction varied for systematics

. _ INWwoPs-Nokg _ Nwpass(n, centrality)
= Cw G Nween(n, centrality)

e / boson

> bin-by-bin unfolding In pseudorapidity, momentum and centrality

> correction varied for systematics

’ _ Nzobs-[\NZkg N Aass B |
Nz= Co xen , Cz= Nogen = FloT, V)xGl(y, centrality)
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