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with 16:9 format

...here be dragons...

...& there be dragons!
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EXPERIMENT

PETER STEINBERG, BNL FOR THE ATLAS COLLABORATION

ELECTROMAGNETIC PROCESSES WITH QUASIREAL PHOTONS
IN PB+PB COLLISIONS: QED, QCD, AND THE QGP
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INTRODUCTION

- Boosted nuclei are intense source of quasi-real photons
. Typically treated using EPA (Weiszacker-Williams)
- Quantize classical field

« Photons with Ex(fic/R)y are produced coherently (Z2)
« Up to ~80 GeV for Pb+Pb @ 5.02 TeV, 1.4 TeV for p+p!

p,Pb

Photon-pomeron: Photo-nuclear: Photon-photon:

production of vector mesons jet photoproduction dilepton, diphoton!
(sensitivity to nPDF) (probe nPDF directly) (& other exclusive states)
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EXPERIMENT

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

“pseudorapidity”
n = —Intan(6/2)

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

1. Precise charged-particle tracking in |n|<2.5




ATLAS

EXPERIMENT

2. Hadronic & EM calorimetry in |n|<4.9

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

“pseudorapidity”
n = —Intan(6/2)

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker




3. Precise p tracking in |n|<2.7

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

“pseudorapidity”
n = —Intan(6/2)

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Exclusive final-states require a fully-hermetic detector!




INTRODUCTION

#l Pb+Pb |s,,,=5.02 TeV

!
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ZDC C ATLAS ZDCA

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/HION-2015-001/



UPC MEASUREMENTS

i

Run: 287038
Event: 71765109

2015-11-30 23:20:10 CEST /

Dimuons UPC Pb+Pb 5.02 TeV



ATLAS

EXPERIMENT

ATLAS Preliminary,
Pb+Pb — Pb"+Pb" +ut+u
L. =515 ub”
0.0<IYlI<0.8
10 <M <100 GeV
@ Data

[ STARLIGHT

- - - Fitto STARLIGHT

- Data fit
Background contribution

ATLAS Preliminary ATLAS Preliminary Pb+Pb |5, =5.02 TeV L, =515 ub"
Pb+Pb— Pb" +Pb" +u*+w’ O Data10<M, <20 GeV [_] STARLIGHT 10<M, <20 GeV

VS, =5.02 TeV Data 20<M, <40 GeV [[__] STARLIGHT 20<M, <40 GeV

L =515 ub” [0 Data40<M, <100 GeV [__] STARLIGHT 40<M, <100 GeV

-l
o

pT!“ >4 GeV, |1]“|<2.4
O Data IYWI<2.4
] STARLIGHT IY,_ I<2.4
A Data16<IY |<2.4
[ STARLIGHT 1.6<IY, I<2.4

do/dM,, [ub/GeV]
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0.01 0.02 0.03 0.04 0.05 0.06 5
Aco = 1 - IAdl/x 30 40 50 60 10

M, [GeV]

NLO QED dissociation Exclusive dimuon event distributions corrected for trigger,
reco & vertex efficiency, systematics cover whether long Aco
tails are all signal or all background

STARLIGHT 1.1 provides good description of fully-corrected
dimuon distributions, with hint of small excess at high Y,
(lout NB missing physics: e.g. higher-order QED)
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UPC MEASUREMENTS

https://doi.org/10.1038/NPHYS4208

LO
PR T TN e INIT S —e— Data, 480 ub' ATLAS
N — EXPERIMENT S Lvv—ry MC Pb+Pb \s,, =5.02 TeV
I A JE==11 -_'-_l 0 I yy—e'e MC NN — -
§ 1N \ i | Run: 287931 c _JCEPyy MC
TN I OB ST m T Event: 461251458 g
LA JTTTTIY SN 2015-12-13 09:51:07 CEST L

Signal selection
no Aco requirement

A B i B s e | SR
0 0.01 0.02 0.03 0.04 0.05 0.06
vy acoplanarity

nature Ofiqg = 7/0x24 (stat.)
TDAU\BES;I;I! Sr:su!;qEEE AUGUST 2017 | DOI: 10.1038/NPHYS4208 thSlCS +17 ( Syst) N b

4.4 significance
Evidence for light-by-light scattering in heavy-ion observed

collisions with the ATLAS detector at the LHC 3.80 expected

ATLAS Collaboration®
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UPC MEASUREMENTS

ATLAS-CONF-2017-011

ATLAS

EXPERIMENT
>0 neutrons
Run: 286717 p? = 60 GeV

Event: 36935568 in ZDC
2015-11-26 09:36:37 CEST |

O neutrons \
in ZDC

pTl = 73 GeV

Two or more jets (anti-kt R=0.4) with pr > 15 GeV, |n|<4.4
At least one with pt > 20 GeV, |[Ad|12 > 0.2, Miers > 35 GeV
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jet variables:

—
o
o))

Nucleus intact

Rapidity
gap

/

\

ATLAS Preliminary anti-k, R=0.4 jets

2015 Pb+Pb data, 0.38 nb™ p'fad > 20 GeV
\(ENN =5.02 TeV m. . >35 GeV

jets

[ ub / GeV ]

42 < H; <50 GeV

——.——-——-—-—-—.—-—-—q
[r—— ; PY
! 1

50 < H. <59 GeV (x107)

No rapidity
gap
N s =S e
———— —

===

Nucleus breaks up ——u— 99<H; <70 GeV (x 107)
Multiple neutrons

G
dH; dx,
S,

—h

' 70<H,. <84 GeV (x107°)

—4—

ATLAS Preliminary
Pb+Pb 2015, 0.38 nb

\/ Syn = 2-02 TeV, OnXn
anti-k, R = 0.4 jets
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119 < H. < 141 GeV (
- R
—_— i

E __4%_H44<:HT<168GeV(x107)
—— N_ >3 (/100) : Data R |

jet
Pythia+STARIlight
scaled to data

1
Not unfolded for

detector response

Excellent agreement with PYTHIA6 reweighed to STARLIGHT



vyv—up IN PB+PB

ATLAS-HION-2018-11

UPC dimuon rates calculated assuming the nuclei "miss”

However, you can still produce them when they don't!
u !

\4

' M
Can a "non-UPC" pp event
“see” the QGP?

u ’

More details in poster by A. Angerami
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EVENT AND MUON SELECTION

» Trigger
» Dimuon trigger, each with 4 GeV at L1, and 4 GeV in HLT

» Muon selection
» Tight selection, pt>4 GeV, |[n|<2.4

» Selections on transverse and longitudinal impact parameter < 1.5 mm
» Pair requirement
» Opposite sign pairs with 4 < M,,, <45 GeV

» Trigger & reconstruction efficiencies determined using J/W

» Applied to each muon as w' = €jg€reco



Heavy flavor
& other backgrounds
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vyv—up IN PB+PB

For each centrality selection:

Create HF templates in do pair, by
selecting >0.02 & A>0.15

Use PYTHIA8 template for centralities
with low statistics

Signal template by fully simulated
STARLIGHT 1.1

Fit to form:

7:(510 pair) = fS(dO pair) T (1 " f)@(d() pair)

%

Fit
region

0.02

Heavy flavor template

0.04

0.06




ATLAS VS = 5:02 TeV

Preliminary r
0-10 % Pb+Pb, 0.49 nb

—e— Data

&
S
-~
(7p)
2
l=
LL

===yy = uu:fS
- = Heavy flavor: (1-1)B
— Fit: fS+(1-f)B
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ATLAS Preliminary

VS = 5:02 TeV
Pb+Pb, 0.49 nb™
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Signal fraction from
template fitting E Background template

-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 >80
Centrality [%]

Signal fraction ~100% in >80% (mainly UPC)
Decreases for more central events (N scaling)
Uptick in 0-10% most-center (jet quenching)
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vyv—up IN PB+PB

For each centrality selection:

BG Template for A: «>0.015
BG Template for a: A>0.06

Fit to 2nd order polynomial

systematics by const. & linear fits

V5o = 5-02 TeV ATLAS (s, =5.02TeV

Preliminary 1 Preliminary 1
0-10 % Pb+Pb, 0.49 nb 0-10 % Pb+Pb, 0.49 nb

* —e— Data -o- Data

Heavy flavor Heavy flavor
background background

0.01 0.015 0 0.02 0.04 0.06 0.08 0.1 0.12
a A
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signal
region

ATLAS |5, =5.02TeV ATLAS  |s5,,=5.02TeV

Preliminary Pb+Pb, 0.49 nb"" Preliminary Pb:l-Pb, 0.49 nb-’ O 002 004 006

0-10 % 0-10 %
* —eo— Data -o- Data

___Heavy flavor __Heavy flavor
background background

0.01 0.015 0 0.02 0.04 0.06 0.08 0.1 0.12
a A
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10 - 20 %

20 - 40 %

40 - 80 %

0.005

0.01

0.015 O

0.005

0.01

0.015 0

ATLAS Preliminary

SNN =5.02 TeV
* Pb+Pb, 0.49 nb’

0.005 0.01

20 - 40 %
ATLAS Preliminary

SNN =5.02 TeV
Pb+Pb, 0.49 nb’

0.015 0

04

—o— Pb+Pb data
—— > 80% data

STARlight +
data overlay

0.005 0.01 0.015
(04
40 - 80 %
—— Pb+Pb data
—— > 80% data

STARIight +
data overlay
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ATLAS 0-10 % 10 - 20 %

Preliminary

VS = 5.02 TeV —*~ Data
Pb+Pb, 0.49 nb™ - = Background

0.01
(04

0.015 0
o

20 - 40 % 40 - 80 %
Gaussian +

background

. Convolution +
background

-2 0.0.0-0-0-0-0-9-0-0.

0.01 0.01 0.015 0 0.005 0.01

o
o
@
a1

ATLAS Preliminary

VS = 5.02 TeV
Pb+PDb, 0.49 nb™

=
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©
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0N
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0-10 10-20 20-40 40-80 >80
Centrality [%]
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vyvy—up IN PB+PB

EXTRACTING RMS Kr FROM DIMUGN DISTRIBUTIONS

» Assume broadening from small transverse momentum
imparted to each muon

» <k2r> extracted using

» <a2> from centrality-dependent o

l
» Nominal variance <a2>o from fit to >80% centrality (UPC)

» Nominal p2?7,,4 from fits to measured distributions

entrality [“o rt Drm e
pa T avg O'A(Xloz) O'a(X103) k¥MS [MCV] qu}MS [MGV]
70£0.0 | L7955 | 3351 (64l [0

e
o1
" ow | [ owes [ g - | -




ATLAS Preliminary

SNN =502 TeV
Pb+PDb, 0.49 nb™

Gaussian +
background

Convolution +
background
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ATLAS Preliminary,
Pb+Pb — Pb' +Pb' )+M++M_
L, =515 ub™
0.0<1Y1<0.8
10<M <100 GeV
@® Data

[ STARLIGHT

- — - Fitto STARLIGHT

— Data fit
Background contribution

Corrected counts [/0.002]

0.01 0.02 0.03 0.04 0.05 0.06
Aco =1 - 1Al/m

—e—Data, 480 ub' ATLAS

—yy MC
E'XLLYG- ve Po+Pb (s =5.02 TeV

[ ICEPyy MC

e}
=]
=
o
S~
(2]
—
c
()
>
Ll

Signal selection
no Aco requirement

m------lﬂ----
0 0.01 0.02 0.03 0.04 0.05 0.06

vy acoplanarity
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ATLAS Preliminary,
Pb+Pb — Pb' +Pb' )+M++M_
L, =515 ub™
0.0<1Y1<0.8
10<M <100 GeV
@® Data

[ STARLIGHT

- — - Fitto STARLIGHT

— Data fit
Background contribution

ATLAS Preliminary anti-k, R=0.4 jets

2015 Pb+Pb data, 0.38 nb™ p'Tead > 20 GeV
\I§NN =5.02 TeV m._. >35GeV

jets

[ub/GeV]

42 < H; <50 GeV

Corrected counts [/0.002]
2

ifos
dH; dx,

—

| 70<H,. <84 GeV (x107°)

4

0.01 0.02 0.03 0.04 0.05 0.06
Aco =1 - 1Al/m

100 < H, <119 GeV (x 10°) .

e==coppo-

s [ S [P T

1141 < H; <168 GeV (x 107}
_(>_ !

Data
Pythia+STARIight
scaled to data

—e—Data, 480 ub' ATLAS

—yy MC
E'z;ge. ve Po+Pb (s =5.02 TeV

[ ICEPyy MC

Events / 0.005

Signal selection
no Aco requirement

m_l----l
0 0.01 0.02 0.03 0.04 0.05 0.06
vy acoplanarity
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Events / 0.005

-y
(@)
[e)]

ATLAS Preliminary,
Pb+Pb — Pb' +Pb' )+M++M_
L, =515 ub™
0.0<1Y1<0.8
10<M <100 GeV
@® Data

[ STARLIGHT

- — - Fitto STARLIGHT

— Data fit
Background contribution

[ub/GeV]

Corrected counts [/0.002]
2

ifos
dH; dx,

—

0.01 0.02 0.03 0.04 0.05 0.06
Aco =1 - 1Al/m

—e—Data, 480 ub' ATLAS

—yy MC
E'z;ge. ve Po+Pb (s =5.02 TeV

[ ICEPyy MC

Signal selection
no Aco requirement

m_l----l
0 0.01 0.02 0.03 0.04 0.05 0.06
vy acoplanarity

ATLAS Preliminary anti-k, R=0.4 jets

2015 Pb+Pb data, 0.38 nb™ p'Tead > 20 GeV
\I§NN =5.02 TeV m._. >35GeV

jets

42 < H; <50 GeV

| 70<H,. <84 GeV (x107°)

4

Data
Pythia+STARIight
scaled to data

ATLAS Preliminary

VS = 5-02 TeV
Pb+Pb, 0.49 nb™

Gaussian +
background

Convolution +
background
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10 - 20 % 20 - 30 %
VS = 5:02 TeV

Pb+Pb, 0.49 nb™

30 - 40 % 40 - 50 % 50 - 60 %

60 - 70 % 70 - 80 %
—— Data
— Fit (S+B)
---- Signal (S)
- - Background (B)
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ATLAS intermdl- 10 % 10 - 20 % 20 - 30 %

\Syy =5.02 TeV _,_Data before
Pb+Pb, 0.49 nb™ subtraction

--- Background

30 - 40 % 40 - 50 % 50 - 60 %

70 - 80 %

a a
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ATLAS intermdl- 10 % 10 - 20 % 20 - 30 %

\Syy =5.02 TeV _,_Data before
Pb+Pb, 0.49 nb™ subtraction

--- Background




