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Electroweak bosons and Quarkonium:
@ Measurement of the production and lepton charge asymmetry of W bosons in PbPb
collisions at \/syn = 2.76 TeV with the ATLAS detector. Eur. Phys. J. C (2015) 75:23

@ Z boson production in p+Pb collisions at \/syny = 5.02 TeV measured with the
ATLAS detector. Phys. Rev. C 92 (2015) 044915

@ Measurement of W — v production in p+Pb collision at \/sxy = 5.02 TeV with the
ATLAS detector at the LHC. ATLAS-CONF-2015-056

o Centrality, rapidity and transverse momentum dependence of isolated prompt photon
production in lead-lead collisions at /sxy =2.76 TeV measured with the ATLAS
detector. Phys. Rev. C 93 (2016) 034914

o Study of J/¥ and ¥(2S) production in \/sxy = 5.02 TeV p+Pb and /s = 2.76 TeV
pp collisions with the ATLAS detector. ATLAS-CONF-2015-023

Production of jets in Pb+Pb collisions:

@ Measurements of the nuclear modification factor for jets in Pb+-Pb collisions at /snx
=2.76 TeV with the ATLAS detector. Phys. Rev. Lett. 114, 072302 (2015)

o Properties of dijet asymmetries measured with 2.76 TeV/nucleon Pb+Pb collisions in
ATLAS at the LHC. ATLAS-CONF-2015-052

o Internal structure of jets measured in Pb+Pb and pp collisions with the ATLAS
detector at the LHC. ATLAS-CONF-2015-055
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© Measurement of the production of neighbouring jets in lead-lead collisions at /sy~
=2.76 TeV with the ATLAS detector. Phys. Lett. B751 (2015) 376

@ Transverse momentum, rapidity, and centrality dependence of inclusive
charged-particle production in y/sxy =5.02 TeV p+Pb collisions measured by the
ATLAS experiment. arXiv:1605.06436, — PLB

Bulk particle collectivity:

@ Measurement of FB multiplicity correlations in Pb+Pb, p+Pb and pp collisions with
the ATLAS detector. arXiv:1606.08170, — PRC

o Femtoscopy with identified charged pions in proton-lead collisions at y/sxy = 5.02
TeV with ATLAS. ATLAS-CONF-2016-027

@ Measurements of long-range azimuthal anisotropies and associated Fourier coefficients
in pp collisions at 5.02 and 13 TeV and p+Pb collisions at 5.02 TeV with the ATLAS
detector. ATLAS-CONF-2016-026

@ Measurement of the correlation between flow harmonics of different order in lead-lead
collisions at /sy = 2.76 TeV with the ATLAS detector. Phys. Rev. C 92 (2015)
034903

Ultra-peripheral Pb+Pb collisions (UPC):

@ Measurement of high-mass dimuon pairs in ultra-peripheral lead-lead collisions at
V/snun =5.02 TeV with the ATLAS detector at the LHC. ATLAS-CONF-2016-025

M. Przybycien (AGH UST) Recent HI results from ATLAS


http://dx.doi.org/10.1016/j.physletb.2015.10.059
http://arxiv.org/abs/1605.06436
http://arxiv.org/abs/1606.08170
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-026
http://www.sciencedirect.com/science/article/pii/S037026931500533X
http://www.sciencedirect.com/science/article/pii/S037026931500533X
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-025

Collisions of heavy ions (HI) enable to investigate QCD in the limit of high densities and
temperatures reached in deconfined medium - the Quark Gluon Plasma (QGP).

> We can study properties of QGP by:

o using hard probes of different scales:
> 12
electroweak bosons, jets, heavy quarks, ... aya(@as 1) Dbei(zea, M)

Assume factorisation: hard probes are produced early
in the HI collision, in a process which cross section is
not changed by presence of strongly interacting
medium, i.e. can by calculated in pQCD. Passing
through the medium hard probes interact weakly or
strongly with it providing information on its properties.
@ measuring parameters describing collective behaviour of the medium.

New physics is here!

> Heavy ions are intense sources of photons: in ultra-peripheral collisions one can study
two photon interactions, diffraction, ...

Yields of hard processes in HI collisions are expected to scale with the number of binary
nucleon-nucleon collisions, Ncon, which depends on the centrality of the collision.

Central collisions: large overlap of nuclei = high Ngou and high number of nucleons
participating in the collision, Npart.

Peripheral collisions: small overlap of nuclei = small N¢on and small Npart.
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The ATLAS detec

Detector COVGFageZ Muon Detectors Tile Calorimeter Liquid Argon Calorimeter
Inner Detector (ID): |

Inl < 2.5
Calorimeter (CAL):
In] < 3.2 (EM)
In| < 4.9 (HAD)
3.2 < |n| < 4.9 (FCal)
Muon Spectrometer (MS):
In| <2.7
Zero Degree Cal. (ZDC):
In| >83 @z=+£140m
MB Trig. Scint. (MBTS):
2.1 < |n] <3.9
Magpnetic fields:
® 2T solenoid field in ID
e Toroidal field in MS

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

Identification of minimum-bias Pb+Pb collisions:
measurement of spectator neutrons in Zero Degree Calorimeters (ZDC)
and charged particles (pulse hight and arrival times) in Minimum Bias
Trigger Scintillators (MBTS).

Pb+Pb data (2010, 2011, 2015): \/snw = 2.76 TeV.
p+Pb data (2012, 2013): \/sxy = 5.02 TeV.
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> Centrality is measured using forward calorimeters (3.2 < |n| < 4.9):

| /dZE+ [TeV']

dN, /dZE

)
e

(N

3 -
—Data ATLAS 2
1 Model Pb+Pb \s,=2.76 TeV Q 10°
Lip =200 mb' gr
10 g 10°
o E]
RN 5
102558 g
9B -
102 10°
10* |‘ 10°
) . PRI B | [
0 1 2 3 4

FCal £E, [TeV]

in Pb+Pb use sum of ET on both sides,

in p+Pb use sum of E1 on Pb-going side only,
for Pb+-Pb use Glauber MC for geometry,

for p+Pb use both Glauber and Glauber-Gribov
color fluctuation model (PLB 633: 245 (2006)).

Average number of participants (Npart) for each
centrality bin resulting from fits to the measured

Er distribution for p-+Pb.
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Electroweak bosons
and quarkonium




> Electroweak (EW) bosons and their leptonic decay
products do not interact strongly. Therefore if formed
in a hard parton-parton interaction at a very early
stage of the Pb+Pb or p+Pb collision they carry out 2 .
unmodified information about the geometry of the
nuclei at the collision time.

> In LO, W' (W ™) bosons are produced by interactions \
of u (d) valence quarks and d (@) sea quarks.
Information about nPDF modification can be obtained from lepton charge asymmetry.

> 7 and W boson Phys. Rev. Lett. 110, 022301 (2013) Eur. Phys. J. C75 (2015) 23
production yields T ] S
er binary collision =12 PDPb (S =270 TeV | o2 i 1 3 E
p y S 6 Data 2011 L, = 0.15nb™ vZ  ppu i F - - m
do not depend on SE I . I +; +h ] S S oS N
. [ St Pr . Y ey e of- E 3
centrality. [ i{ M % S pf | = ]
This is consistent 4 =] 20p E
with a view of [ Ao mascegy g By | ke
heavy ion collisions 2+ 10<pZ<30GeV r + +g— 10; ’W’ Data W POWHEG CT10
. L $ """"""" LQV """"""" &Y. 3’('*8" 4 [ omaw —W B
as a superposition L g ] E 3
pZ>30GeV 4, F [ Ldt=0.14-015nb" Poepb 5, = 276 Tev B
of nucleon-nucleon [ """"""';""""’;""'"'A"“'"" " [[La-opeotsw mrofeysarer 3
. o o0 200 300 0 50 100 150 200 250 300 350 400
collisions. ﬁ N, C

M. Przybycien (AGH UST) Recent HI results from ATLAS



W boson production in Pb+Pb collisions

> nPDF modifications are explored with differential W — fv, production yields per
binary nucleon-nucleon collision and the lepton charge asymmetry, as a function of |7|.

ANyt gy, /Ane—dNy = /dne

de+ﬁe+ue/d"ll+dNW7ﬂrw/d"m

> Lepton charge asymmetry: Ay(n¢) =

> Data are well described by the superposition of nucleon-nucleon collisions.
> Data can not distinguish between nucleon PDF and that incorporating nuclear effects.

> The asymmetry in Pb+Pb collisions differ significantly from that in pp collisions
because of significant number of nuetrons in lead nuclei, 235Pb.

Eur. Phys. J. C75 (2015) 23
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Electroweak bosons in p4-Pb collisions

> p+Pb are used to differentiate between initial and final state effects in HI collisions.
> ATLAS data: y/sny = 5.02 TeV (nucleon en. in Pb: 1.57 TeV), £,4 = 28.1 nb~!

> Due to asymmetric collision CM is shifted in rapidity towards proton direction by 0.465
units: y* = y'*" — 0.465

> Total cross sections in function of 3% and 5/, have been measured for Z and W*.

Phys. Rev. C 92, 044915 (2015) ATLAS-CONF-2015-056
351 ! ! !

ATLAS
pPb 2013, L =29 nbt

+_,+ -

| all centralities

> Small excess for

Z and W™ in oo oy
K . . E ---- MSTW2008 (NNLO) CT10 Data
Pb-going direction g & EEw  ATAS preininay
is observed in data. s ‘ ‘ ‘ 2r = ommw I,
E R S
10 ¥
E Data/CT10 (NLO)
> . . E T '
nPDF scenario is ey o o 4 )3
sligthly prefered by E oata; criosersos (woy +
7 data. : ‘ ‘ a—c
10k ey &
of ———t :
L b 3
sk ata/MSTV‘VZUUS(NNLO) ‘ ‘ + |
E] 0 v =) -1 0 1 2

lab

(AGH UST) Recent HI results from ATLAS 22 September 2016 9/32




Electroweak bosons in p+Pb collisions

Phys. Rev. C 92, 044915 (2015)
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Sources of prompt photons: quark-gluon Compton scattering gg — g and production
of hard photons during parton fragmentation gg — g-.

Prompt photons being colorless are transparent to the subsequent evolution of the
QGP and probe the very initial stages of collision i.e. nuclear modifications to PDF.

Ratios of scaled yields of g S ‘ Ay
x - <T > uncertainty L, =0.14nb"
o1 4 ",
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. . = to “ —_——
JETPHOX pp predictions 4 Dﬁﬁ#;wﬁi:—:_ 4 SERE %xii'i
are shown in function of go
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Quarkonium states of J/¢ and ¥(25) as well as T(nS)
have been measured in p+Pb collisions at /sxn =5.02
TeV and in pp collisions at /s = 2.76 TeV, using utu~

decay channels.

Maximum likelihood fit to m, and to di-muon pseudo

proper lifetime T = Ly

Mup

to extract signal yields

and fraction from b-hadron decays.

J/v and (2S5 states have been recostructed in the range

8.5 < pi* < 30 GeV and —1.5 < y;,,, < 1.5.

T (nS) states have been extracted from the fit to m,, in

the range pi* < 40 GeV and —2.25 < y;;, < 1.2.

ATLAS-CONF-2015-050
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Prompt y(nS):
- Direct production
- Feed-down contribution
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clear modification factor
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Production of jets
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High transverse momentum partons, produced in hard
scattering process, propagating through the medium
of strongly interacting nuclear matter, lose energy,

resulting in the phenomenon of ‘jet quenching'. T
Magnitude of suppresion is expected to depend on S
both the pr dpendence of energy loss as well as the /.4,;?

!

shape of initial jet pr spectrum. ;

Phys. Rev. Lett. 114, 072302 (2015)

Suppression is quantified by the nuclear modification
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Inclusive jet suppression

@ Raa exhibits very slow increase with pr, @ No significant rapidity dependence,

except in the most peripheral collisions. possible cancelation of two effects:

@ good quantitative description by theory o 1 rapidity = steeper pr spectrum = | Raa
(Y. He, I. Vitev, B.-W. Zhang, PhyS. o 7 rapidity = higher quark fraction = | Raa
Lett. B713, 224 (2012)) - not shown. o Different pr spectra at \/sxn =5 TeV may

Phys. Rev. Lett. 114, 072302 (2015) remove this cancelation.
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Dijet asymmetry measurement

28 o eyt

= g i > Dijets - the jets originating from the same hard scattering can

25 loose different amounts of energy in the medium depending on
the path lengths traveled or by fluctuations.

> ATLAS data: \/sxn = 2.76 TeV, Laa = 0.14 nb™"
Jets identified with anti-kt algorithm with R = 0.4
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“ Selection of two highest pr jets in the event with pr > 25 GeV
PR i oot and |njet| < 2.1, which are produced back-to-back A¢ > 77 /8
F‘Z 35 Pb+Pb E e
£ I g > Measure of dijets asymmetry used x5 = pr2/pr,1, Pr, > Pr2
2.5F E

> Increase of asymmetry with centrality of HI collisions.

> Asymmetry much less pronounced in high pr jets sample
(fluctuations of jet quenching? change of flavour composition?)
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Internal structure of jets

> To fully understand 'jet quenching’ phenomenon, in addition to jet
supression it is necessary to measure jet fragmentation i.e. possible
modifications of parton showers through interactions in the plasma.

> Define jet fragmentation function as: D(z) =

2 = (pr/py") cos AR

Distribution of charged particle transverse
momenta in jet:

1 dNen
]\rjet de

D(pT)

ATLAS data: \/sxy = 2.76 TeV
Jet algorithm: anti-kt with R = 0.4

Measure D(z) and D(pr) at the hadron
level for jets in 100 < pit* < 398 GeV

> Difference in shape is observed between
central and peripheral HI collisions or the

pp reference.
(AGH UST)
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To quantify this difference
ratios of D(pr) and D(z)
measured in HI collisions to
those measured in pp
collisions are calculated and
termed Rp(p,) and Rp(.).

Enhacement observed at low
pr or z and high pr or z.

Supression observed at
intermediate pr or z.

This behaviour becomes less
pronounced for peripheral

events.

The enhancement at high
pr or z becomes also less
pronounced for forward jets
or the jets with highest

pr > 158 GeV (not shown).

ATLAS-CONF-2015-55
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1 b 2013 pp data, 4.0 pb™ antik, R =0.4 jets q q
Pb+Pb 0-10% 12<pl<21
b Pb+Pb 0-10% Pb+Pb 0-10%
Lefe <21 Le 18 ]
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Internal structure of jets

=z

2.5F

ok

15F

0.5 ]
HE

T —
100 < ' < 398 Gev. il < 2.1
1<p<4Gev

PbePb data/ pp data
2011 Pb+PD data, 0.14 nb*
2013 pp data, 4.0 pb

AT TN I
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e

Nt

0.8F 100 <5 <30 Gev. i <21

0.6f

0.4F
0.2

ok
—o.zl
-0.4
0.6
-08-

b

ATLAS prefiminary

4<p?<25Ge

(T TRV TV T I
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fart

Nt

0.4

0.3}
0.2

0.3

-0.1

fD.%

ATUAS Prminry
100 <5 <398 Gev, i <21
25257 < 100 Gev

v

To quantify the difference in the particle
flow, the integral is used:

PT,max
NCh E/ (D(pT)|cent - D(pT)lpp) de
p

T, min

Clear increase with centrality of yields of
particles with low transverse momenta is
observed.

Almost no variation with centrality for
intermediate and high pr particle yields.

To quantify the difference in the transverse
momentum flow, the integral is used:

PT,max
P = (D(pr)lcent — D(pr)|pp) pr dpr
PT,min

Clear increase with centrality of the
transverse momentum caried by particles
with low transverse momenta is observed.

VI TV TN IO IO
50 100 150 200 250 300 350 400 ATLAS-CONF-2015-55
Noart
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Studying nearby jets originating from the same hard interaction helps to disentangle
between possible origins of 'jet quenching’ observed in dijet events: unequal path
legths of the showers in the medium or fluctuations in the energy loss process itself.

R

Annulus around the test jet

Neighbouring jet
n

Rate of nearby jets:
RA (Etest Enbr) _

Nlest
1 jet nbr test nbr
Ntest i=1 N]et z(E T
jet

G
Calculate pr,, = RER"/RY 5%

ATLAS data: /snx = 2.76 TeV

Jets algorithm anti-k1 with d = 0.4 o (A Ans [
L5} fsg= 276 Tev I F=10-
Test jet: 70 < EX* < 300 GeV; Crasara’ e
Nearby jet: 30 < E“br < 300 GeV in e ,.,A_t:‘: l_ﬁ;H:E‘E
annulus 0.8 < AR < 1.6 around test jet. °f*#* m:mj,: U o
EP> 30 GeV 0.8<AR<1.6 EF")ASGeV 0.8<AR<1.6 E‘;'">GOGBV 0.8<AR<16
Suppression becomes less pronounced o gy Begdy @ )
with decreasing centrality. o Fonion s
1,014 nt*
Decrease of suppression with increasing L g - 4
nbr H H -+ _Q
EL°" - comparable quenching of jets 13 "'*—+- '++ 1
from partons of similar initial energy. E,,}m‘ev Dincis § ersocy ORans  criiggey Ghancs
Phys. Lett. B751 (2015) 376 7 [GeV] 7 [GeV] EF [GeV]
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Bulk particle
collectivity
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> Measurement of long range FB correlations (LRC) in full 5 space, with subtraction of
short range correlations (SRC), performed for Pb+Pb, p+Pb and pp systems.

> Use two particle correlation function: C(n1,12) = % = (Rs(n1)Rs(n2))
> But, we are interested only in dynamical fluctuations, from event to event.

100 < N’ < 120 >0.2 GeV

So remove any residual VS =276 TeV, 7 pb™ " S = 5.02 TeV, 28 nb™* b © f5=13TeV, 65nb™
multiplicity dependence:
C(n1,m2)

CN(nl»nZ) - Cp(n1)Cp(n2)
Y
Cp(n:) = gy [ C(m,m2)dn;
-Y

> Estimate and subtract
SRC (same source: jet
fragmentation, resonant
decay, ...) at [n—| =0

> Study LRC (asymmetric

number of sources: strings,
partons, participants, ...)

> After subtraction Cn looks

similarly in all systems.
arXiv:1606.08170
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Forward-backward multiplicity correlations

> Decompose correlation function into orthogonal polynomials:

Cn(m,m) = 1+ E Gnm Tm(?71)Tm(Wz);ﬂ-Tn(172)Tm(?71)7 To(n) = % Y P, ({/L)
n,m=1
> The two-particle Legendre coefficients are calculated from the measured Cn (11, 72):
(]

a _ ] 10t H ATLA‘S pT>0.2 IG(—)V
n,m — ) ]
, Y \ (b) [1® Pb+Pb |5,,=2.76 TeV |
3 C T (1) T (02) +Tn (12) T (1) 44, : 75 p+Pb {S=5.02 TeV 1
- N (N1, M2 1dns % = 1
(2Y ) _J; (77 27 ) 2 ndn Np+p V5=13Tev
> LRC are dominated by coefficient a1 (higher order

coefficients consistent with 0).

> Interpretation: LRC are dominated by linear ‘ ‘ .
multiplicity fluctuation in 7. ‘

ATLA‘S P> 0.2 IGev
> Strength of SRC defined as: 81 porpo 5276 Tey
VAsre = %\/ff Osrc (N1, m2)dnidns 10

07 p+Pb \5,=5.02 TeV
|

> Strength of SRC increases towards peripheral

collisions (small Nep).

ASR‘C

SEN

» SRC becomes stronger in smaller systems.

I I !

arXiv:1606.08170 0 100 200 300
Nch
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Final state momentum anisotropy is studied via Fourier decomposition
of the azimuthal angle:

oo
N 1 N 1 E _d°N
Edp3 ~ pr dédprdy ~ 2mpr p dprdn 1+2 Z Va cosn(¢ — On)

n=1
®,, - azimuthal angle of the n-th order symmetry plane of the initial geometry,

Vi = (™07 ®n)) = (cosn(¢p — ®,,)) - magnitude of the n-th flow harmonics.

T T T
(@) ATLAS Pb+Pb  Centrality 0-70%
\S =276 Tev  2<IAni<5.

Lo =7ub*

> Study correlations between v and v, (n = 2,3,4,5) for
various centrality intervals using two-particle correlation
function with |An| > 2.

v, {3<p, <4Gev}

Peripheral

e boomerang-like structure seen in all correlation plots:

Central

o reflects the characteristic centrality dependence of vq

L L
0.05 0.1 0.15

o is consistent with hydrodynamic predictions : v, 05 <p, <2 Gev}
of stronger viscous-damping effects for . o . I ‘ ‘
vz than va for pr < 3 GeV or for ool os<r<2cov 1003 osep<acey o]
0 — 50% centrality interval, e R e 7t

o significant non-linear contributions to Famorer | //’] ]
vy from va make the boomerang-like o A TN S Foee ]
structure less pronounced in vo — vy e e Centalty 0655, o shape elion
correlations. Phys. Rev. C 92, 034903 (2015) 505 o1 o1 0‘52 ot o1 oS v
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rrelations between vy and higher order flow harmonics

» Events within each centrality are subdivided into ¢o (flow vector) intervals:

Phys. Rev. C 92, 034903 (2015)
@ = Z Wi (Z w; cos 2¢;], Z [w; sin 2¢i]) — (o) ewt

(a)  Centrality 25-26%

ATLAS  Pb+Pb
S0 =276 TeV

UN, N, /da,,
S

where w; = E'Fcal ! g
107 © E
> Fix centrality (system size) and vary event shape (2): o8 o oy
alg,
T [ Y ] T T T T Centrality 0.65%, no shape sel T
2 Centrality with lection: ™ L " ] = [ = Centralif - , NO shape sele. 1
2 03 2"0»‘5%"“ q, selection N [ — Centrality 0-70%, no shape sele. i > [ ATLAS PbPb 05<p, <2Gev, A 1
v, = 10-15% 1 | 05<p <2Gev ATLAS  PDYPD 7 003 y5—-276Tev 2<ni<s g b
= e 20-25% ] o0al 2<ianies s Vo =276 Tev | [ L=7u0? ]
) < : o o= 7D r ]
=02 b I g 1 o002 4
2<pni<s 1] - 3 E r 1
ATLAS Pb+Pb 0.027— Centralny mtervalzgvggz seleitlosv&ss% | o0l b
o. V=276 Tev ] T8 Thdme D eveom - E
1 - —+10-15% —- 35-40% -7 60-65% 1 [ ]
Ly=7ubt A | +1520% 5 40-45% - 6570% | N ]
J— 1 -o- 20—?5% — 45-50% L 1 ! 1
Y Cemra\lty 0-70%, no shape sele.] o oxtas — e o5 9 505 o1 15 \9'2
% 505 CERETS v, 2
Vv, {0.5<p <2Gev}
Linear correlation within Clear anti-correlation, mostly Quadratic rise from
given centrality = viscous initial geometry effect non-linear coupling to v2,
damping controlled by (AMPT calculations). initial geometry does not
system size, not shape. work.
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Flow non-linearity in v4 and vs

> v4—vy correlation for fixed centrality bin: v4e!d®+ = cpe'®i + ¢ (voe'?P2)

0.02FCehtrality 0-5 T 09 Centality 1015% | o.03fCentrality 15-20% ] Centrality 30-35%
= with g, selection = g N —e- data S
0.025F — FitvAcic )’ 1 o003 ]
—— MC Glauber

0,015 { o015 1 ooof o MeKN 3

ATLAS Pb+Pb 0.02F ]
VS =276 Tev
L =7 b 0.015] ]
005 01 015 0 005 01 015 0 005 01 015 0 005 01 015
V2 VZ VZ VZ

o Fit to v4 = /¢ + ¢3v}5 to separate linear and non-linear component:

- ‘ N ATLAS Poirb L Phys. Rev. C 52, 034903 (2015) ‘

oo 15 Vow* 2754“" i 5 [ B incusive ATLAS Pb+Pb |
Y atias eoeeo ] b = 7D | o lnear %% ePiinear Sm-276Tev
V=276 TeV 2<|an|<s === Nonlinear N\ EP nonlinear L, =7 pb* B
0.0051 Ly =7 bt ] 05<p <2Gev 0.02— 3
2<jani<s 1 [ ]
05< p < 2GeV L 4
O 160206 300 400 0100260 300 400 H 1
part part 0'0177 ]
e Extract linear and non-linear terms I 05<p <2GeV 245 D ]
[ ! i
VA]iJ — CO , VEI\IL — /Vi _ Cg L Result with q, selection 4
- . GO 160 260 3&0 4&0
as a function of centrality. o

> Non-linear behaviour observed also in vs—v2 correlation, fit vs = 1/c2 + (c1vavs)2.
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Ultra-peripheral
Pb+Pb collisions




Ultra-peripheral Pb+-Pb collisions
> Ultra-peripheral collisions (UPC):

o hadronic interactions strongly suppressed,

o intense source of photons (~ Z2),
well described by Weizsacker-Williams (EPA).

o maximum energy of coherent photons (Run 2):
E :yhc/Rzgfy ~ 2805§z 75 GeV
> Dileptons from photon-photon collisions:
formalism from Baltz et al. (PRC80 044902, 2009)
4% 4L,
AM,dv,, — anay <707 = #)

2
d°L ot 0 (R

Iy £AA—//d2b1d ba n(ky, b1)n(kz, ba) P(b)[1 — P (b)], b= |b1—bsl

by1,b2>R d N Z o

dkd?b ~ m2kb?

4o’ 8M?  16M* W + VW2 —4M?2 4M2 4M?
o= (2T e ) oM Vi wE U we
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Nuclear photon flux: n(k,b) = 2’Ki(z), x=Dbk/y




ATLAS data: Pb+4-Pb collisions at /sxy =5.02 TeV, £ = 515 ub~!, ZDC not used
MC simulation: STARLIGHT 1.1 (integrated over nuclear excitation states)

Signal requirements: two good muons from the common vertex with unlike signs in
the fiducial range:  pry,pro >4 GeV,  |n1],|n2] < 2.4, M, > 10 GeV

> Due to nuclear form factor, UPC dimuon pair should have pr < 200 MeV and thus
small acoplanarity (Aco =1 — |Ag|/7).
> Aco distributions show good agreement with STARLIGHT in the bulk.

» STARLIGHT does not include QED FSR, which at O(a®) involve and additional real
photon in the final state which is expected to broaden acoplanarity distribution.

> Assuming the events with Aco > 0.008 are primarily background, the data are fitted
with two exponentials (signal [S] and bkgr. [B]): dN/dAco = ZAi exp (—Aco/a;)
i=S,B

ASARRARNARL
ATLAS Prelpinary,
+Pb — P +pb ey ay

T
ATLAS Prelpjina
PbiPb - b 4Pl

3
3
T

A
<
<

Corrected counts [/0.002]
5

Corrected counts [/0.002]
Corrected counts [/0.002]

3

O t ,

ORI ATV STRITT | R A
001 002 003 004 005 006 001 002 003 0.04 005 006 001 002 003 004 005 006
Aco=1- g Aco=1- g Aco=1-lAgim
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Dimuon pair cross section vs. mass and rapidity

ATLAS-CONF-2016-025

> Both scenarios concerning the acoplanarity tails have
been considered to be true:

ATLAS Preliminary
Po+PD . Pb 4P 4yt sy

"

— the tails are all signals, o S
— the tails are all backgrounds: the fits were used EEE{EEE;{:“
to extrapolate them into the signal region

(Aco < 0.008) and subtract (2 — 4% correction

depending on Y,,,,)

do/dM,, [ub/GeV]

The average of the results is presented as the central
value, and half of the difference is included into

+ i taint 10 20 30 40 5060 10°

systematic uncertainty. M, [GeV]
T T T

Measured differential cross sections: T e e T

Data 20<M,,<40 Gev [I) STARLIGHT 20<M, <40 GeV/

> dU/dMu‘u Shown fOr |Yp“| < 2.4 and |Ypu| > 1.6 Data 40<M,,<100 GeV[T] STARLIGHT 40<M, <100 GeV/

> do/dY,, shown for 10 < M, < 20 GeV,
20 < M,,,, < 40 GeV and 40 < M,,,, < 100 GeV

> Very good agreement with STARLIGHT truth
(v = 2705) predictions.

> Verifies both overall Z* scaling of 4~y luminosity and
~ spectrum. 0

Y
e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-025

ATLAS has provided several new results on all aspects of heavy ion physics:

(*]

Probing QGP with electroweak bosons or heavy quarks does not reveal a necesity of
any nuclear modifications to PDF.

Understanding of the phenomenon of 'jet quenching’ is broaden thanks to detailed
study of jet production in various configurations.

Correlations between elliptic flow in different pr ranges show non-trivial centrality
dependence, while they are found to be linear within narrow centrality intervals, which
indicates that viscous effects are controlled by the system size, not its shape.

Long range correlations in multiplicity are very similar in pp, p+Pb and Pb+Pb
collisions.

First measurement of two-photon production of muon pairs in lead-lead
ultra-peripheral collisions has been performed.

More details and results from the heavy ion physics program realized by ATLAS is
available on https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HeavylonsPublicResults

Thank you for your attention!
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» ATLAS data: Pb+Pb at \/sSnx = 2.76 TeV, £ = 0.15 nb~?, tracks with pr > 0.5 GeV

> Charged hadron yields in peripheral Pb+Pb collisions show, a pr dependence similar
to pp collisions.

> Going from peripheral to central collisions, the Pb+Pb yields increasingly deviate from
pp spectra (especially for pr < 1 GeV and 10 < pr < 30 GeV). This deviation is
almost independent on the pseudorapidity range.

(Taa.P) 1/Nevs,c 4> Nppypb,c/dndpr
(Taa,c) 1/Neve,p A2 Nppypp,p/dndpr

> Nuclear modification factor Rcp(pr,n) =

ATLAS

p+p, Pb+Pb ]|

VS, (54 = 2.76 TeV o

=
Sy
T
S
S

> Rcp calculated with
respect to the 60 — 80%
centrality class reaches
a minimum around
T 7 GeV

p+p, Pb+Pl

T
:

=
Q

T
3

N
<

1/(2np.) d®o/(dn dp_) [mb GeV?]
1/(2np.) d’o/(dn dp_) [mb GeV?
.
5

JHEP09 (2015) 050
T

o p+p "
— ptp x 107446810

Pb+Pb/T,, 0

10%E

2
E e oswxi0? = = 0.50<[n|<0.75 x 10°¢
L+ 1020%x10 J s 0.75<[n|<1.00 x 10°

10791 * 30-409% x 10° N 10 1.00<[|<1.25 x 107
L+ 5060%x 10':J ] L ggj <180 }g 2 @P"Z 6Tev  (10-20%)/(60-80%)
[ ¢+ 6080%x10° 4 T v I7sem<zid0x 10 ] g 15 o - (0-5%)/(60-80%)
Lol Ll Ll il L Ll 3 L L Lr

va 1 10 10°
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> Nuclear modification factor

Raa =

1 1/Newe d2NPb+Pb/d7}de

(Taa)

d?opp /dndpr

> Raa constructed from the plots from previous slide, are shown in several centrality

intervals and, for most central events, in several |n| ranges.

> Raa shows a characteristic non-flat pr shape: increase with pr reaching maximum at
pr ~ 2 GeV, then decreases reaching minimum at pr = 7 GeV, then again increase up
to pr =~ 60 GeV and then reaches a plateau.

JHEP09 (2015) 050

AA

e

EX

ATLA
p+p, Pb+Pb
VS, (S = 2.76 TeV
LP*™ = 0.15 nbt
4.2 pb™
0-5% 3
IIIII
,a;x:tz*
® ‘.n"‘. il IIII¥

-". g .._."'

=

B g ]

AU
0.00<[|<0.25
0.25<|n<0.50 x 2
0.50<|n|<0.75 x 27
0.75<||<1.00 x 2
1.00<]nj<1.25 x 27 N
1.25<n[<1.50 x 2 LP=
1.50<[n|<1.75 x 2°
1.75<||<2.00 x 27

"o
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Ty
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o
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characteristic ranges of the pr spectra.

> Raa has been studied as a function of (Npar) in

> In all pr intervals Raa decreases with (Npart), with slope

being strongest for the minimum pr interval and weakest

for the plateau region.

T
ATLAS V5, Sy = Z75TV

Ln=42pb% L™ =015 nb?

T
ATLAS

T T
. \Em = 276 Tev
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| prp.P+PD | = i o p+p. P+PD Eiazpr
F e Ft 3% 3 G osmt
[ ety s = H N [ m ]
of Lo oo Dt i gl rs 25 % ; ]
N &cijz‘ﬁ?i“w ='—z [ = H 5 : iy
o B . T
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~ 60-80% o maximum (17<p,<2.0 GeV)
0.2 - 50-60% 4 [+ minimum (6.7<p_: <17Gev) . 1
o 33728«’2 « intermediate (19.9<py<22.3 Gev) : £y
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» ATLAS data: p+Pb at \/synw = 5.02 TeV, L =1 ,ub’l, tracks with pr > 0.1 GeV

> Differential invariant yields of charged particles produced in p+Pb collisions are
measured as a function of charged particle pr in severeal y* intervals and as a
function of y* in several centrality intervals.

arXiv:1605.06436

H
<

& T T EEN T[T T [T T[T T[T T[T 77 [TT]
> L ks E ATLAS ]
> L 2 oe01%  #510% 1
O 1ok ATLAsl 1 Z° 80F . 20-30% v 40-60% p+Pb 1pb™t
— Faa vy, 4 O = - 1
A A piPl;;:bv 1%.4 + 60-90% S0z Tev
S [t g Vs=5.02TeV 7 z 95 y,=0465 p>0.1cev | | he more central
> F 44, . Y, 0-90% E o ] L.
1021 "”‘u,:"‘\-._"v," E 60 3 collision the charged
=z L oy, " 4 L ] . .
< '.‘% v, 1 P %, ] Particle yields
~ oo, 3 E 1 .
£105; W, . % become progressively
~ . i e ! .
S F e R o g e, 1 more asymmetric,
e A A AT = with more particles
S 108 ¢ (-0.5<y*<0.5) x 10” R .
L o (15sy*<1.8)x10° “e produced in the
= = Pb-going direction.
101 E 10;"":: e Immictmmm;
Ll Ll G’H\HH\HH\HH\HH\HH\H’
10t 1 10 -1.5 -1 -05 0 0.5 1
p, [GeV] v
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ction in p+Pb collisions

> Rpypp and Rcp distributions in different centrality intervals and for different
geometrics models used to calculate (Tpp).

> Both Rypp and Rcp increase with pr reaching maximum at pr
derease with flattening above pr ~ 8 GeV.

~ 3 GeV and then

s

&
o

2k

‘atLAS The magnitude of the peak

Fowe ] L depends significantly on the
foam e geometrical model being larger
for the Glauber model than for
either Glauber-Gribov models.

5 0
P, [GeV]

5] T T
o §% ATLAS
p+Pb 1pb?

é? .’0 T o o1sue0.00% I =502 Tev
§ "+ + + v 40-60%/60-00% hi<2.3
15 g + + I ]
§ IS ey b

TR I
o Pety ‘i’
Glauber GGCF w,=0.11 GGCF 0,=0.2
O TNV arXiv:1605.06436
p, [GeV] [GEV] [GeV]
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p+Pb collisions provide insight into the effect of an extended nuclear target on the
dynamics of soft and hard scattering processes and subsequent particle production.

S o 5
ATLAS data: p+Pb at /sxy = 5.02 TeV, L=1pb™" 3 [ om™, s some
. . . 60 50, s, om E‘] |
Only pixel detector is use_d to reconstruc_t tracks with or e - “":T
pr> 0.1 GeV; extrapolation to pr+=0 using HIJING. [ og510% “"’-w.,_%
. . . 40~ 10-20% s |
dNen/dn distribution has been measured as a function i v ""'-::
of pseudorapidity in several centrality intervals. I SZQZ%W ]
20— 40-60% -
In most peripheral collisions (60-90%) a doubly-peaked [ cooms

shape, similar to pp collisions, is observed.

In more central collisions shape of d N, /dn bocomes
progressively more asymmetric (more particles produced
in Pb-going direction).

. ey
«data ATLAS
p+Pb, 1pb*

(S =502TeV -
Y o = 0.465 ]

—Pol2 fit

5-10%

scaled by the distribution for most peripheral collisions,
then the double-peak structure disappears.

L 410-20%
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pseudorapidity, with a slope whose magnitude increases a g

towards more central collisions.
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Distributions of d Ny, /dn per participant pair, (Npar)/2, for the most central and
most peripheral events as a function of 7 for different models of collisions geometry.

Results for most peripheral events are almost model independent.
More particles produced in the proton-going direction due to higher energy of the
proton compared to the energy of a single nucleon in the lead nucleus in LAB.

In most central interval more particles are produced in the Pb-going direction and the
magnidude of the distributions strongly depends on the geometric model.

When ploted vs. (Npart)
the distributions are
almost constant up to
(Npart) = 10, but above
this value start to
depend on the model.
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» Systematic uncertainties:

@ Muon trigger efficiency:

Distributions of single muons after full dimuon
selection and correction for trigger efficiency show
very good agreement with STARLIGHT predictions.

MB and T&P methods agree up to 5%

@ Muon reconstruction efficiency:

differences between data and simulation 2 — 5%

@ Background subtraction:

uncertainty related to acoplanarity tail 6 — 10%

o Vertex efficiency: data vs. MC difference 2%

@ MC closure is good up to 2% level

o Luminosity uncertainty assigned to be 7%

Overall systematic uncertainty 10 — 12%.
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