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Long range collective effects in Heavy Ion collisions

W

nonperturbative QCD evolution of large (parton) multiplicity final states
described by hydrodynamic models

target

correlated particle
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long range correlations in large hadron multiplicity final states
keep a "memory” of this evolution
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‘ The Question \

Is the hydrodynamic evolution model specific to

"large" initial state systems such as heavy ion collisions?
Or does it also apply to "smaller” initial states such as

pPb, pp, or even ep or e*e-, provided that the "final state”
(indicated by final state multiplicity) is large enough?

In Deep Inelastic chffering (DIS): incoming electron scattered 2?ctron
“size” of initial state interaction k |
inversely proportional to virtuality Q2 i ol
of exchanged photon. RIS )
proton >
“ e : . p
Do “conventional” particle physics 2 o & A
: o = ~k-K) o Y
models describe the observed MU
° p — k!
correlations? /
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Long range two-particle correlations in pp in CMS

m_——-__

JHEP 09 (2010) 091, arXiv:1009.4122

CMS 2010, V/s=7TeV

MinBias, 1 .OGeWc-:p1<3.OGeWc N=>110, ‘I.OGEV.-’ccpTCB.DGeWc

R(An,A¢)

Hydrodynamic effects similar to heavy ion case?

Or simply a rediscovery of colour strings/dipoles
as a source of gluon radiation (parton showers)
between (semi-)hard partons and proton remnant 7

Or the same QCD just described by different approximations?
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|Colour' strings in e+e-, ep, and pp \
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"Ridge” in long range pp correlations at CM

s =]
JHEP 09 (2010) 091, arX|V10094122 %I(if_‘h'ls'c-:p.rcl.(l(.'e‘iul Ilﬂie‘hlur-:pT-:llll(e‘hul I.'-!l](J.*‘Illu-:|J-T-:ill](e‘lmrI I;‘\l](e‘lllu-:|1r-:-lll](e‘n
=T ecmspp P 1 2.0<Ani<4.8 [+
° I . — F“l"']'H]‘LH 1 .
in general: | S , :_
effects not restricted -
to very high multiplicity!
= o
, g
angular correlations =
only partially described
by PYTHIA 8 z
parton shower 2
+hadronization model
" ° ° 0 ° ° % Ly
visible” ridge arises S
in data at very high

multiplicities only

igure 8: Projections of 2-D correlation functions onto A¢ fol 2.0 < JAn| < 4.8 il different pr
nd multiplicity bins for fully corrected 7 TeV pp data and reconstructed PYTHIAS simulations.
irror hars are smaller than the svmbaols.
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| Two-Particle correlations in e*e- collisions |

at Js=91 GeV, archived ALEPH data
Phys. Rev. Lett. 1
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23 (2019) 212002, arXiv:1906.00489
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no visible ridge (moderate multiplicities)

PYTHIA 6 (tfuned on LEP data)
gives very good description
of ALEPH e*e- data

no extra long range correlations
(v,>0) needed



| Observation of colour strings/digoles \

in hadronic energy flow in DIS at HERA: 2. Phys. 59 (1993) 231

"In the low x region, the
ZEUS . e peak in the hadronic energy

N flow in the direction of the
| current jet is shifted [..]
towards the proton remnant

Lo with most of the energy
. : appearing between the
| position of the expected
= jet peak and that of the

o 'J proton remnant.”
B i 7J () x<i0” theory: colour dipole model
- E . e ;l see also H1,

| S TP T 7l | DESY-94-033
angle w.r.t. electron rapidity difference w.r.t. expected QPM jet !
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| Observation of colour strings/dipole \

in hadronic energy flow in DIS at HERA: 2. Phys. 59 (1993) 231

"In the low x region, the
ZEUS . e peak in the hadronic energy

) > flow in the direction of the
| current jet is shifted [..]

b towards the proton remnant
o with most of the energy

appearing between the
position of the expected
jet peak and that of the

et proton remnant.”
ARG more in backup
«>10 ?l 72 ¢ dipole model
E. % R P *‘;jﬁ-o
_ < ) o ) ﬁﬁﬁf "ﬁ-l. see also H1,
N N T e e de, | DESY-94-033
angle w.r.t. electron’ rapidity difference w.r.t. expected QPM jet B
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Main observable for new ZEUS analysis:
two-particle azimuthal correlations c {2}

v Transverse Plane Y
Directed c1{2} ~1 Elliptic ca{2} ~ 1
Cn{2} p— <<COS n((pl —_ (10_])>> asymmetry asymmetry { }

double average track pairs/events
X E>#<E x

DIS electron

excluded [ |
c3{2} ~ 1 TC4{2} ~1
Triangular Quadrangular
asymmetry asymmetry
X - X
fully corrected '
for single and correlated two-particle reconstruction efficiencies
NEV _NI'(:',‘C i NEV —NI'EC 1
cn{2} =) | ) wijcos[n(pi — ¢;)] ) ) ) , Wi
e Li,j>1 e e Li,j>1 Je
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‘DIS event and track selection \

tracking in 1.4 T magnetic field (CTD+MVD)

ZEUS Event selection (46 M)

FCAL BcaL 7 =10 RCAL

Ninaie

@ DIS triggers

o |c;|2 — —(k— k') >5 GeV2I

Q k{‘;}lDGeV

n= 2 n :_15 @ r>15cm
e, I @ 6, > 1rad
B & @ 17 < (E—P,;) < 69GeV
ﬁ - scattered
o electron @ |V,| <30cm
p I |
= —_—r k ' -+ Track selection for correlation analysis
electron proton @ Reject scattered electron
B —F, = E—P, of-1i5<7 <20
=2.275GeV [ | =0 @)0.1 < pT < 5.0 GeV
_____________ = @ > 1 MVD hit
- o] DCAxy, 7z < 2cm
[l }> ‘ | ' ‘ ] [ | @ AR > 0.4 (cone around scattered electron)
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‘General DIS event distributions (rec vs. gen) \

ZEUS

JHEP 2004 (2020) 070, arXiv:1912.07431
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reasonably described by Ariadne MC (red boxes)
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lusive track distribu

JHEP 2004 (2020) 070, arXiv:1912.07431
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"Ridge” figures in DIS
ZEUS
...--*sl\khﬂo |

JHEP 2004 (2020) 070, arXiv:1912.07431

05<p <50 GeV

-3 -2

Jet peak centered at Ap ~ An ~ O (includes single DIS recoil jet)
Away side ridge in high N, events dominated by "dijet” topologies
No visible double ridge at “high” N_,
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‘Azimuthal correlations ¢, {2} versus multiplicity \

m

fully corrected to gen level, full systematics (see backup)
ZEUS
o ¢ G-318Gev | O K 1 _
= % oo | & ? E“S’:‘:i‘i"éz‘fb @ Short-range (|An| ~ 0) correlations are strongest
x p, <5 GeV 5 =] p,>0.1GeV, jn|>2 at low Ng,. (blue)
0.2+ = -15<n<2 0.1- pT:-D.EGa‘U’. jAn| =2
* @ lLong-range correlations (|An| > 2, orange-black

E

B pairs) of the first harmonic are dominant and
. negative. (red (low py) and green (high py))
P A——- Vi;j_:% Transverse

Projection

c,{2}

0.02
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JHEP 2004 (2020) 070, arXiv:1912.07431
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‘Azimuthal correlations c {2} versus An \

m

fully corrected to gen level, full systematics (see backup)
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fully corrected to gen level,

—0-2I 7eus NG DIS 366 pb! =
= S

c1{2} (“mono-jettiness”) and c,{2} ('di-jet

m

jan| > 2 .

o] 15<N, <30 e

8] 5<N,, <10 (down-scaled)
PRI TR S A T SR T S S T
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31.7.20
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L
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full systematics (see backup)

Correlations at low N, were down-scaled by
<NCh>]0w/(NCh>high'

Scaling factor inspired by observations in
heavy-ion collisions where non-collective behaviour
contributes to ¢,{2} as 1/Ngy,.

The observed excess correlation at high N, wrt
low Nep is stronger for c1{2} than c{2}.

Therefore, the 1/N.y, scaling of non-collective
correlations may not be appropriate for ep
scattering.

JHEP 2004 (2020) 070, arXiv:1912.07431
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‘ComEar‘ison to MC model Er'edic‘l'ions \

fully corrected to gen level, w. system. JHer 2004 (2020) 070, arxiv:1912.07431
similar plots at reconstructed level see backup
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c,{2} reasonably described by Lepto
+ JETSET model ("Pythia 6, LO+PS)
18

c,{2} reasonably described by Ariadne

dipole model (LO+PS)
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‘ComEarison to MC model Eredic?ions \

JHEP 2004 (2020) 070, arXiv:1912.07431
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=¥ @ C1{2} Is better described by the ARIADNE
generator.

0 . :
D @ {2} is better described by the LEPTO generator.
“NO o5 @ Neither model works well in the full kinematic
' interval (top right).
. @ The diffractive component in ARIADNE only
0 slightly influences c,{2}.
i | | . | | | @ Massless jets were reconstructed from the generated
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Summary and conclusions |

® Two-particle azimuthal correlations in
ep DIS collisions have been measured i 7
using ZEUS data from HERA, £
following a "HI-like"” analysis approach.

Nice example for value of data preservation.
(topic was not originally forseen) :

data sets not (yet) openly available, but "low threshold" arrangements with ZEUS
for access to data possible ("open ended" analysis with limited person power)

@ The data are reasonably described by existing

particle physics MC models.

Different distributions are described best by different models,
while none of the considered LO+PS models (ARIADNE dipole model,
LEPTO + JETSET string model) describes the data everywhere.

Room for improvement!

® No evidence for the occurrence of heavy-ion-like
hydrodynamic correlation effects (on top of the
correlations implemented in the MCs), such as a double ridge,

has been observed in ep DIS collisions
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omparis

on to MC model

Comp Er'edic‘l'ions

at reconstruction level (w/o systematic uncertainties)
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Comparison to MC model Eredictions

at reconstruction level (w/o systematic uncertainties)
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C. Catterall,

PhD thesis 1995

also studied
An - Ag
correlations:

A “ridge” in momentum,
azimuthally correlated
with the struck quark,
extends in n between
the current and target
peaks, evidence of QCD
"string” interactions.

31.7.20 A.
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MOMENTUM FLOW IN THE LABORATORY FRAME

7.10 Correlations between An and A¢
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Figure 7.17: Correlation between Ad
and An in uncorrected ZEUS 1993 DIS
data.

Figure 7.17 shows the momentum flow
in the Ag-An plane, for 1993 ZEUS
data which has not been corrected
for detector effects. The most notice-
able feature of these distributions is
the correlation between An and Ag in
the region of the current peak. Here,
again, it is clear that the current peak
is shifted forward from the (JPM ex-
pectation of Anp = 0, but in azimuth
occupies the expected region of Ag =
.

In the lower two bins of lower =z,
mometum flow associated with the
remnant appears as a region of ran-
dom azimuthal distribution at large
Amn. For the higher # bins the rem-
nant region is outside of the CTD ac-
ceptance.

It 15 mteresting that a degree ol cor- |
relation with A¢ = 7 extends forward
well beyond the region of the current
peak, and is discernable up to An == 2,
which means that at two units of pseu-
dorapidity forward from the nominal
quark direction, the momentum flow
is still affected in some way by the cur-
rent.

This is perhaps the result of colour
flow between the struck quark and the
remnant, and of the forward pulling of
the current peak, and is discussed fur-

ther in the next chapter.
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Also studied in momentum flow;
thesis C. Catterall, UCL 1995

Uncorrected Momemtum Flows in Pseudorapidity Uncarrected Paorticle Flows in Peseudoropidity Uncorrected Memermtum Flows in Azimuth
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Figure 7.16: Momentum flow ver-
sus A¢, (excluding matched electron
tracks) showing 1993 ZEUS data and
C Monte Carlo predictions. 25

Figure 7.8: Momentum flow versus Figure 7.9: Particle flow versus An,
An showing 1993 ZEUS data and the showing 1993 ZEUS data and the
Monte Carlo predictions of three theo- Monte Carlo predictions of three theo-
retical models. retical models.



