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hardness of the process$ usually specified in terms of the
momentum component that is transverse to the beam;
hard &: | eptons & photon > 20

soft & hard

picture from

JonathanM. Butterworth, GuentheDissertorj Gavin P. Salam
HardProcesses in ProteRroton Collisions at the Large Had@allider
http://arxiv.org/abs/1202.0583v1

@
proton proton

soft interactionsd low transverse momentum, require neperturbative treatment (models)

soft interactions dominate processes at tHeHC, play key role in a description of Underlying Event (UE) and
hadronizationn Multi-Partonicinteractions (MPIlgnter especially in UE andolor interactionbetween products of
MPI collisions createsorrelation

soft QCD- diffraction, MPI, softnitial & final state radiation (ISR/F$fhadronization beam-beam remnants
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FrankSiegert Soft and hard QCD processes in ATLAS, QOId Challenges and New Opportunitie2017
from the concluding part:

QCD measurements are no discovery channels, but

probably no future dlscoverlgz "will cdme without

understanding of QCD basics

a bit strong statement, but message 1Is clearé
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FrankSiegert Soft and hard QCD processes BRILASQCD- Old Challenges and NevDpportunities, 2017

One QCD to rule them all...

» hard jet production and
evolution

» hadronisation and
soft processes

... measured in many welet
different final states by .
the ATLAS detector! ;

PIC 2011, R. Teuscher IPP/Toronto
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covered& not coveredin the present talk

Measurement of the total cross section from elastic scattering in pp collision& at 8 TeVwith the ATLAS detectorPhysics Letters
Vol. 761, 10.10.2016

Measurementof the Inelastic ProtoAProton Cross Section & & 1 BeVwith the ATLAS Detector at the LH®hys. Rev. Lett. 117,
182002

Measurement of chargeeparticle distributions sensitive to the underlying eventdns= 13 TeVprotondproton collisions with the
ATLAS detector at the LHGHEP 03 (2017p7

Measurementof multi-particle azimuthal correlations ipp, p + Pband low-multiplicity Pb+Pb collisions with the ATLAS detectofhe
European Physical Journ@l, June2017, 77:428

Measurement of multiparticle azimuthal correlations with the subeveatimulantmethod in pp and p+Pb collisions with the ATLAS
detector at theLHC arXiv:1708.0355%¢p-eX

Measurement of longitudinal flow decorrelations inPb+Pbcollisions atisyy = 2.76 and 5.02TeVwith the ATLASletector, ' talk
arxiv:1709.023(buctex] Martin Spousta

Measurementof the k, splittingscales inZ° Z @ventsin pp collisions ati s= 8 TeVwith the ATLASletector, arXiv:1704.0153_’ﬁ|efpz-0 %(],
JHEPOS (201-026 Jet Substructure Measurements sensitive to Soft QCD effects with the ATLAS Detector, MPI@LHC, Shimla,

A measurement of the softdrop jet ﬁ\ea?S%LiiH)AﬁqéthIonS ati s= 13TeVwith the ATLASletector, arXiv:1711.08341

Studyof ordered hadron chains with the ATLAS detectdPhys. Rev. D 96, 092008

Measurementof contributions of diffractive processes to forward photon spectrapp collisions ati s= 13TeV, ATLASCOM-CONF
2017098



pp X-sections
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total cross sectiort,, of proton-proton interaction

A U, of p-p interaction is a fundamental quantity giving the upper
bound on probability (cross section) of any process ingocollisions

A 19738 Intersection Storage Rings (ISR¥ingof U, value
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A measurement of_, at LHC energie® TOTEM and ALFA

A at higher energies (57e\) 8 cosmic showers, Auger experiment
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rising U,,, Reggemodel, pomeron

P4
A using optical theorem andReggetheory we can write for a process . / .

o T b ” i ( ) i r"] r"] P3
[#] Y -
P \\\—3 p E i ( ( ) )‘Q | | 6 6 C| Q fS y.a(t) 6 | %HHa [fe], [ae] -
5| e [ps] :
. . . ,,.*'/21'4, fa
where| (0) is secalled intercept of aReggetrajectory : : Py
_ / . . . o A . . . L +¢=2,£12
a(t) = a(0) + o't o n n e (.Ml Inl 2;
1, * Pw
. N . . . . v 0
Aif | () ph, will rise with rise of 10 D

0 1 2 3 4 5 6 7 8
t (GeV?)

A trajectorywith| () phas only oapemeﬁnrpﬂ [ ) cP epHp >0

A U, is not calculable in the framework of the perturbativ@CD;Reggemodel is used in HEP
generators to describe kinematic area where the QCD cannot be applied
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P~ P
elastic scattering ‘]p
/f/ .

ways of measurement ot

A direct Gindependent) measurement ofl,, = Nyg, /L, whereNiiis e aiiacion © 1 *

total number of events with interaction, is luminosity IS nontrivial (due to -
limited acceptance model dependencé

\\p‘\ - /{,/5—:’
tot ~ e|+ inel double diffraction JQ
‘ inel = ‘ inel diffractive(‘ SD+ ‘ DD+ X0~ nJﬂ diffractive ) 7
Double T
.. o~ ) . Pomeron (;)J’\_]P_,:(J
A traditional way(ISRpf U,, measurementd via elastic cross Exchnge  ~ |p
section measurement and the use of optical theorem T
. . . Multi Pt‘“jﬂfj
oot = 4m Im|[fo(t = 0)]  wheref is elastic amplitude Pomeron ;ﬂF
=
o2 — 167 1 (de) - Re f(0) luminosity dependent measurement,
Y142 L\ dt ), Im £(0) Ny - number of events of X(el, tot,inelz X 0

167 (dNei/dt)i—g
1+ p? Niot

Tiot luminosity independent measurement
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7)) @ Events are selected when all four detectors in E‘Ef'" AALERARARARLARRRLRRRRRRRRS:|  IUUL
" — = 20F= ATLAS
n an arm have a track. e : 8000
Z\ _ . @ 5=8 TeV, 500 b’
c @ Momentum conservation provides strong o
. E
= selection cuts. S
© d
oo @ Total number of elastic candidates is 3.8 M. B
Jd
_Cg @ Background level is 0.12 % estimated from the
S antigolden topology. _
IG—) @ Primarily Double Pomeron Exchange (DPE). R T e s e I TR LB
0 @ Observed t-spectrum is corrected for y(237 m) A-side [mm]
acceptance, detector resolution, luminosity, O A U R B A I N I
p - . y :r?_} 7 M’. ¢ Dataarm1 7]
and effICIenCIES E.ID E_. ".' [ Antigolden background =
= - e P —  DPE background ]
== Arm 1 Arm 2 i %106§_ATLAS b N I
! - 5=8 TeV, 500 ub”’ e, .
| 10°F E
e " ]
B7L1U A7LIU A7RIU  B7RIU . —e—
W W arm++ or 10 -
P " » ]
s . < 2 o : 102 =
. 0 005 01 015 02 025 03 035
B7L1L ATLIL ATRIL B7RIL -t [Gevz]

Simon HolmStark, Elastiand inelastic cross section measurements with the ATLAS detector, MPI@QLHC 2017
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@ The differential elastic cross section is a superposition of the strong interaction amplitude Fy

g and the Coulomb amplitude F¢ added in quadrature giving

9 dos G (1) St G2(1) _B|t
S gt = g (1 +p7) exp(—Bl)— === [sin(9(0) + peos(9(1))] - exp (2)
S

@ The fit range is 0.014 < [t| < 0.1 GeV?.
@ The unfolded differential cross section is fitted with oot and B as free parameters.

%900 -
o No sensitivity to: 9 800 -
o The p-parameter fixed to 0.1362 from E. 700k E
COMPETE predictions. 3 600k E
e The interference phase taken as: & ]
5 T 500 =
t - ;
o) =—n (1) —1e 400 :
300f 3
@ The proton form factor taken as: 200; _
AN 100f E
Gt)=(+—) , N=0.71GeV? 5 :
0= () S
107° 1072 10™
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Tior [mb]

A_FA flt I'eSU“:, geVA* — 90 m Subtraction Local angle Lattice Local subtraction

005 01 015 02 025 0.3 035 _ _
-t [GeV?]  fitrange set to 0.014.1 GeV2 where acceptance > 10% and rRerponential
terms expected tobe negligible(<0.1)

OII

Total cross section [ 96.07 96.52 96.56 96.58
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— L 4
- - L
- Elastic fit .- E [GeV"j]
i hd Subtraction Local angle Lattice Local subtraction
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B —— Extrapolation error 0.15 0.17 0.14 0.15
E 0.1 E_I. 1 l 1 ! l | 1 | ! 1 l l ] ! l 1 1 l 1 ] | l 1 ! | 1 [ l 1 1 l l | | 1 @ Total crr(}r L 023 J 0'26 0'22 0_23
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ATLASS U at 13TeV
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A MBTSS Significantly upgraded for LHC RUN|, ati.compag 2014056 pet

A 2 cm thick discsn front of forward calorimeters, made of
highly efficient polystyrene scintillator

A trigger requires signal at least in one MBTS counter

A inclusive selection at least 2 of 24 MBTS counters have to
collect charge above the threshold of 0.38C
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ATLASA fiducial cut & diffractive enhancement

Tlmin

MBTS acceptance dependm M,, required acceptance> 50% -> M, > 13GeV &, M, M, ji 106

uncertaintyon extrapolation to full crosssection given by variations ahodel Gdependencies

'00_07__'"'I""\""I""I“'I""I"“\""_g C rr[frrrr[prrrr[prrrrprrrr e e e T T L. . . .
877E — pyinias Monasn Pythias DL, £-0.10 1 S gsf T PymasMonash o Pythas MBR try to minimizethe impact of physics
SO0 T e a1 5 [ e o e mismodelingwithin the fiducial range
= : - Pythia8 DL/ex0.060 .- Pythia8 DL, £=0.085, 2'=0.35 7 2 o - Pythia8 DL, £=0.085 ... Pythia8 DL, £=0.085, a'=0.35 L

005 - pytnias DL@o.oas £POS LHC 1 004F  pyiag bl ec0.10 P08 L of the measurement by constraining

0.04F] i, " CGSJET ATLAS Simulation = | - QGSJET ATLAS Simulation the fractionof diffractiveevents

o 8D Variations, 1s=13 TeV ] 0.03( DD Variations, 1s=13 TeV

0.03f = i e,

00257[]. 3 002p we get diffractiveenhancedsample

001;" ) 1 ooft by regumng hits in only one side of

N . MBT
05~ ofh

a(f) = 1 +@+ o1
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ATLASS mc tuning and fiduciallU,,

Number of events in single-sided sample

A R..depends ondiffractive fractionfy £ (UsgtUsp)/U, o

Rss = — : : N
Number of events in inclusive sample A fyin data= 10.400.5%
o 1 A for eachgenerator/tune,f; tuned to match Rssmeasured indata
P u Data 2015 ] .
®o.18 | ATLAS = e.g fy(Pythia DL) = 25%
. —@— Pythia8 SS 's=13 TeV. L=60 1ub” .7
" --m- Pythiag DL, e=0.085 ST 1€V, LTOUIHD 2o after the tuning
0.16[—...4... Pythia8 DL, £=0.060 P I o RN
- Pythia8 DL, £=0.10 a2 1 2 [~ pa —— Pythia8 S8 1 &g [ Das —— Pythia8 8
014— ... Pythia8 MBR “\,,»* C"_g . Pythia8 DL, £ =006 - Pythia8 DL, ¢ = 0.085 Plg "t Pythia8 DL, e =006 -~ Pythia8 DL, & =0.085 i
- ——— EPOSLHC ,9"‘ ol - Pythia8 DL, £ =0.10 -~ MBR ° 1o Pythiag DL, £ =0.10 -~~~ |
012__ == QGSJET-I : : ol ~——— EPOS LHC QGSJET-Il EPOS LHC 2
C N ) e _ i
0.1 = . |
0.08 — i R e ATLAS i e
- I 13 TeV, 60.1pb™" 13 TeV, 60.1ub" 7
- 4 Single-sided selection Inclusive selection _|
006__ ] % } } I R | % N |—
N 1 8 ) ==
0.04= — ]
0.1 0.15 0.2 0.25 03 0.35 '0|4 ‘ 2 4 6 8 10 12 14 16 18 20 22 24
f NyeTs Mugts
D 9
. N—-Np |- -6
Factor Value | Rel. uncertainty ”-!]d‘l (E > ]{}_6) = BG X f_f-::lﬂ )
Number of events passing the inclusive selection (N) | 4159074 — tnet \* Erig X L Egel
Number of background events (Npg) 51187 +50% i
Integrated luminosity [pb=!] (£) 60.1 +1.9% fid
Trigger efficiency (€gig) 99.7% +0.3% . —
MC correction factor (Cnic) 99.3% +0.5% Cr]l']ﬂ] 68'1 + 06 (exp) + 13 (lum) mb
15
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ATLAS Vs=13TeV, 60.1ub”

ATLASS extrapolatedU,

Data l_}_._H
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Gotsman et. al [43] ® E Oooa L] ¥ - i g
Fagundes et. al [44] o 30 :_ w b *‘ ok RETT __:
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65 70 75 80 85 | 1 IIIIlII 1 | lIIIII| 1 1 IIlllII 1 | IIIIlI| | 1 L1 1 i
gy M) 10 10° 10° 10°*
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pPp X-sectionsd summary of results

12-Janl8

@ The elastic cross section Gg is the integral of the nuclear part: 8TeVv

Ge' — 24-33 j: 0.04{51&1) :I: 0.39{5y5t} mb .
@ The inelastic cross section is the difference between the total and the elastic:

Gine| — 71 .73 :I: 0.1 5{51&1) :I: 0.69{5y5[) mb

@ This is about 4 times more precise than the direct measurement at 13 TeV

G;n%;rev :781 Z|Z 0.6(exp_} ZIZ 1 .3(|um_) Zl: 2.6(3){”_) mb

Tom Sykora: ATLAS soft QCD results
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pp Xsectionsd future analyses

12-Janl8

@ Data in the Coulomb-Nuclear-Interference region at —t ~ 103 GeV? allows a
measurement of the p-parameter.
e Provides insight to the understanding of elastic scattering.
e Dispersion relations derived from analyticity relates energy evolution of the ot and p.
e The simultaneous measurement of Gt and p therefore tests a very basic assumption.
e High energy predictions of Gt Will be possible.

@ Data has been collected at
V/s = 8 TeV with B* = 1 km optics.

e The analysis is in review.

@ Data has been collected at
/s = 13 TeV with B* = 2.5 km optics.

e The analysis is ongoing.

Tom Sykora: ATLAS soft QCD results
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UE measurement
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common strategy

A di vixdJe r & gctoalimg to thedirection ofthe leading energy flow irthe event jeading charged particle
A remove effects connected tahe hard part of the event production 1 f

A identify Trans¢ersa}-max and Transmin regions
max = the region with ahigher activity

towards

Asudy activity central and for war d/ &-ur e|gsi<ons

A it is notpossible, on evenby eventbasis, todistinguish transverse (min) transverse (max)
the hard process from the resbf the soft QCDinteractions 60° < |A¢] < 1207 G0° <|Ad] < 120°
-> we define specific observablesensitiveto different mixture away
of hard process and underlying@vent |Ag| > 120°

A distributions (typicallyl)neasured in transverse, towards and awssgions

(Nen /oo o) Mean number of charged particles per unit 7-¢ (in radians)
> pr/ondg) Mean scalar pr sum of charged particles per unit 7—¢ (in radians)
(mean pt) Mean per-event average pr of charged particles (> 1 charged particle required)
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UEOJ used generators

12-Janl8

Gene!’a’[or Tune PDF Tune features
(version)
| Built on top of Pythia8 C4 tune, used
Pythia8 A2 MSTW2008LO |  ATLAS minimum bias 7 TeV data for
MPI
ATLAS tune on UE and high pr
Pythia8 Al4 NNPDF2.3LO measurements (jets, Drell-Yan, top-
quark pair cross sections)
. INncludes ATLAS Drell-Yan and UE data,
Pythia8 Manash NNFDF2.3LO plus CMS, SPS, Tevatron data
. Based on LHC and Tevatron Uk as well
Herwig/ UE-MMHT MMHT2014LO s MP| data
FPOS HC _ Based on LHC data, including Totem

cross section measurement
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trigger: oneor more MBTS counters above threshold on either side of the detecjor > [0.003,0.03] | datataking/selection conditions
leading charged particle = T . . T LI B = REAERRREEREE AEREEE R
A i S < ATLAS 3 p, > 0.5 GeV, |r|||~: 25 ATLAS
1 T © {0 Iu’§=13TeV,1.6nb' — = B Is=[13TeV,1.6nb" 7
e . — =
2 [ BEpst0Gev e PYTHIABAI4 = 10 _—-p'fa"z-melv ----- PYTHIA8 A14
i -p*;af'>1 GeY — ~ PYTHIA 8 Monash | - -p';“d>1Ge — — PYTHIA 8 Monash 1
= . a * - Herwig7 i
towards
|Ad¢| < 60°
transverse (Imin) “ transverse (max) i 1 F e
ﬁ(}‘j{|&rﬁ|{12ﬁn un{l&ﬁbl{l?{]n PRI T T ST (T ST | NPT N T R -...I...I......I...I...I...I...I...
g 1= pead > 10 GeV - 8
(] e~ T _ ) e (]
away = 1 -
Q Q
|Ag| = 120° = 09~ ... - I =
0.8— : —
& ; ' g
S 12EESS=—s L\ S I
D i i i 5
= [ ) =
0.8 R R - N
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180

|Ad| [degrees] |A¢| [degrees]

data:p,¢2d > 1 GeVdrather flat,p;/*2¢> 10 GeVoc | ear ef fect of the hard part of event
oOotransverseo0 region not affected

generator s: t uNIFRandalorreeonneatiom §CRolierencemodelling; Minimum Biastunesdo better job for lower

p2d while UE tunesare better forhigher p,¢ad
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UEJ data behavior
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after original
common rise of
number of
charged particles
N, In all regions,
the grows
become slower,
especially in the
transverse region
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UE data vs generators
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~ 11— )
3 141_ Trans-min region ATLAS_Z
ti [ p,>05GeV, <25 Ys=13TeV,16nb" ]
z" 1.2 pr*d > 1 GeV -
1 =
0.8F -
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. ]
[1]
[m]
o
o
[=]
= ;
| P | | | |

Model / Data
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UE+hardregion (max) andUE (transmin) regionare (relatively) well (<10%lescribed by allgenerators, except

EPOS & Herwig7

Transdiff (maxmin difference) regions well (<10%lescribedonly by EPOS
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UE data vs generators
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UE vs Min Bias events
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Inclusive charged particle spectra in pp @ 13 TeV

[Eur.Phys.).C76 (2016) 502]

Minimum bias trigger, [n[< 2.5,

pr> 100 MeV

<p> vs. N, :QGSIET lacks colour coherent effects

(colour reconnection in PYTHIA, hydrodynamical evolution in EPOS )

Best overall description obtained with EPOS
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UE- Summary

A run 2 MB and UE measurements showdxtter MC modellingcomparedto early Runi, still
Athere is no 0per fbetweenOMBgrel VE tureesenmains t ensi on
A predicted increase of UE activitiN(,) on collision energy confirmed increase of ca. 20% (> 13TeV)

A standardUE measurementare contaminatedby hard scatter, so alternativeneasurementstrategies
are neededif modelling of MPI/CR to beimproved
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ordered hadron chains
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idea

proposed idea: correlation between liksign hadronsd consequence of coherent hadron emission
linked to attempt to understand the shape of a QCD string in 3d and stabilization of the end of plagton

shower cascade
B. AnderssonG. Gustafson, Blakkinen M. Ringnerand PSutton,ds therescrewinessat the end

of the QCD cascadise >~ 09/(1998), p. 014

it was deduced, on the basis of optimal packing of nacollinear gluon emissions, that the shape of the QCD
string should be helixike /m/x\\\vw \

string axis kJ
'/ S\

one dimensional string> 3d string & quntum tunneling -> gluon splitting to quarkantiquark pair

fragmentation generates intrinsic transverse momentum that depends on the folding of the string and implies
azimuthal correlations between hadrons

azimuthal correlations compatible with the helical shape of the QCD string have been observed by ATLAS
Phys. Rev. D 8®©52005, 2012
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helix stringo first results

12-Janl8

3d fragmentation model enables cross talk between break vertices; causal constraints imposed on the
fragmentation, the mass spectrum of light mesons is reproduced, if string breaks in reguldmtervals

a fit of mass spectrum predicts rather narrow radius of the heliR= 6802 MeV, wherel i 1 frie thiel
string tension, and; U= 2.8200.06 rad, i.e. almost backo-back

pr(n=1)
71 k& [MeV] k R [MeV] AD

192.5 £ 0.5 68 + 2 2.82 £+ 0.06
Meson PDG mass [MeV] Model estimate [MeV]
Vi1 135-140 137
Ad ~ 2.8rad n 548 565
—/ 7y 058 058

4

pr(n=1)

S.TodorovapQuantization of the QCD string with a helicstructurec Bhys. Rev. D 89 (2014. 015002
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Qi = \/ —(pi—p j)z = 2pr(n=1)]| sin(r A®/2) | pi, p; stand for the four-momenta of particles forming the pair.

local charge conservatior> production of pairs ofpionswi t h e qu al C
and opposite chargefor= 1, 3, é onl

7))

-

O

O Pair rank difference r | 2 3 4 5

O 0 expected [MeV] 266 £ 8| 91 £3 | 2367 | 171 £5 | 178 £5

L calculated in the limit of locally homogeneous string field
o /adjacent

+) |\

2 d

= P, =P, + AP

Y N - kd e e

-

e

Jd

. arge fo
X

[

L

region Q < 100 MeV is occupied by pairs with= 2 -> production of same sign pairs

chain of n adjacent grounéstate pionsrepresent the lightest chain of hadrons with mass:

m, = \/nzm% + Z Q?j

I#]
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Oldsch Kepka Jet and particle correlations with ATLASperiment LHCP 20175 hanghai

S Define two-particle correlation CoooslATLAS g - -
O = - s=?Tev,1anub"}+{ ‘ffﬁ -
g A(Q) = : (N (Q)Jr_ — N (Q)++X__) 0.004|— # i Ij..;: |
qu Nen I Tt ﬁ X ]
O . L - Wi, -
g as an average difference of unlike-sign 0002~ 3 ] b
= and like-sign pairs, depends on momen- O ]
QO . L P ++ o Herwig++ i
cC tum d|fFerence Q — \/_(p? S p?)g 0.. - *ﬁ ................ s PYTHIAE oo —
- ' Dy —— PYTHIAS, rank diff < 2 .
L . —"w .
C Enhanced production of ++/-- over +- Y I e Y T——
o . B B . N
= not described by MC (Q < 200 MeV) -
L Novel approach to measure Ag}, (Q):
| -

o e A(Q) for particles contained in three-hadron chains (777t or 77t 7 7)

e Powerful probe of the correlation between particles

e What fraction of the A(Q) explained by low-mg; chains?

— Helix string model - essentially all, A3, (Q) ~ A(Q) for Q < 200 MeV

— Standard Lund model - only a small fraction
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| . 1 . .
Asn(Q) = wf{ 5 0@ - Qo) + 5 0@ - Q1) —6(Q - Qp,) }

where each chain contributes with three entries: two for opposite-sign pairs at Qo1, Q12 and one for the
like-sign pair at Qp> (the indexes reflect charge-ordering of particles in the chain). The w; stand for the
weight factor of the i-th chain in the event.

definition of ¢ 5, 3h chains
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event selection and first results
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= 0.006

0.004

0.002

e Mass cut fixed so that [ Agp(Q

Data,\/s =7 TeV, 190 ub™

® A inclusive
+ Ay, m_ <0.59 GeV

3h? 3h

region of adjustment

Q [GeV]

7pub~ ! of 7 TeV data selected
with minimum bias trigger

Low-pt tracking with
pr > 100MeV, |n| < 2.5

HBOM semi data-driven
unfolding

Sensitive to track reconstruction 5y O'S
at small opening angle, low-()

) for A(Q) <1 and A3,(Q) < 1

e Measured Az (Q) for chains W|th map < 0.09 GeV
e Low-mass hadron chains explain the shape A(Q) at low-Q entirely
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— AT
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Az(Q)
o
o
=

-0.001—

LAS

=7 TeV, 190 ub™

¢ Data i
o Herwig++ s
» PYTHIA8 B

genera

chain

measuredc 5, Dalitz plots 6 data & generators

12-

(&

anl8

tors

o X =3k

> T;

Y =
T; kinetic energies of pions in the

1 0-3 1
Q [GeV]

e Distinct polarization patterns seen
in data, not contained in the

3T,

e Extracted position of like-sign
(Q ~ 90 MeV) and unlike-sign

(Q ~ 250 MeV) peaks in Agp(Q)

compatible with the helix-like

fragmentation prediction

e MC generators fail to describe

Aszn(Q)

-0.5
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enhanced 2 particle correlation function R
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