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MOTIVATION

New experimentql and theoretical msighjrs

towards the forward/backward rapidity

Window

L‘ Long. Correlations (multiplicity and geomefry)

Limited available models

LC Dif. DoFs: partons,

hadrons, strings ...

Needed: A firsf—principles inspireol framework to compute

and compare Event-by-Event ICs in Heavy lon Collisions

Bozek, Broniowski, PLB 752, 206 (2016)]
Pang, et al, EP] A52, 97 (2016)]

Schafer et al, EPJA 58 (2022) 11, 230]
Chen, Alzhrani, PRC 102 (2020) 1, 014909]

[PhysRevCQQ (2015) 3, 034911]
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[PhysRev.C 92 (2015) 3, 034911]
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Limited available models _
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AlSO needed: fIQl’l’l@WOl’k fOI comprehensive COl’l’lpO_l’iSOl’l

of saturation physics results/models.




THE INITIAL STATE OF A HIC  “"io0 i coc rormavsm

gnergy oleposmon in hlgh energy collisions dominated ]oy small-x gluons

PRC 76, 041903 (2007) |

L MC-KLN, IP-Glasma.. PRC 94,n0.4,044907 (2016)]

At forward/backward rapidihes, (1)
parhcle producfion dominated ]oy
]oaryon stopping

Use the dilute-dense approximation the

Color Glass Condensate (CGC) Effective
Field Theory (EFT) to produce both!

L Single q B aryon
@ LO 8 Gluon (2) Stoppi
Production e




THE MCDIPPER

Monte-Carlo Dipole Parallel Event GeneRator

Framework for comparison of saturation model preolichons and creation of IC for H.

® Model input: gluon unintegra

(uGDF) + (co.

llinear) parton dis

Heavy—[on Collisions

HOW DOES IT WORK? ﬁ'

ted distribution function

ribution functions (PDFs)

o Compufe energy and chqrges using single parhcle

production formulas and tabulate (5, T}, T;)

o [Use Glauber samphng To produce events -fast- using

(n,T,,T,) as an event-by-event input.

L]



CONSERVED CHARGE DEPOSITION
FROM MICRO TO MACRO FROM THE CGC FORMALISM
Low-x gluons dominate the miolrapidity region

THE INPUT

dN : d’q d’k
5 — & J q (2][)25(1) +q _p) LOW-X g‘luons
d’xd?’pdy  87° Cp p? ) 2n)?* (2r)?

uGDFs — ®yx,r,q) ~ ¢*D,4(x,1,q)

XD (x,x,q) Dy(x,,x,k)
Dipoles — Dygi(x.r,q) Dy, (x,1,9)

At forward/backward rapidihes, particle

L‘ GBW, IP-Sat, MV ..

produchon dominated ]oy ]oaryon stopping

High-x partons
quf B xlq]fﬁ‘ (X1, pz, X) Dg (55, X, P) —»E'/ 9 P
d2xd?pdy (27)? PDFs  —  xg/(x,p%X)
n xzqf‘ (2, P, %) Diyy(X1, X, P) % Different PDF sets*.
(2m)? |

*Accessible in the MCDIPPER through the
LHAPDF h]orqry

Sysfemthaﬂy Improvcﬂole e.g. ]oy including NLO gg— ¢g production through gluon fusion



FROM MICRO TO MACRO o O T e oo

I—‘ Macroscopic quantities (energy, charges) are Computeol as moments of the

single parhcle distributions

(o))
o

IP-Sa_t+CT]._82NI]>ILC_)2 —— Kyeg, Vsyy =200 GeV
;1,,0 - ;-_2.p i fm—z —=- €q,Vsuy =200 GeV
1,n 2,n —— Kgeg, Vsyy =2.76 TeV

Total energy deposihon

Kg=2.2
_ 40 —= €q,VSyy =2.76 TeV
- dN dN
()= | IP| |Kee—t Y ——rt
] d-xd-“pdy T d=xd-“pdy

- — emmmmaaaa - y=r;

[tei(n, T1,T2)lo (GeV fm~2)

Charges (u,d,s) deposited can be used to compute

| | IP-Sat+CT18NNLO —— O, V3w = 200 GeV
conserved Charges such as, l.e. electric Charge, & | Tup=Tap=2fm~ ——- B,\/Syy =200 GeV
201 Ty n=T2 p=0fm™2 _
é K. =29 —— Q,V/syy =2.76 TeV
= g = ——- B,\syy =2.76 TeV
" , d]Vf dN]? =
Q1) = ), Q| dp <
- 7 d2xd’pdy  d?xd?pdy o
- = Y=, —
- ~ E‘os
i , d]\]f de —
(B7)y = Z Bf d’p Yo 12 2o 1D oo s S0 35 oo s o s 10,0
. 2 d*xd-pdy d*xd“pdy N
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TUNING

FIXING THE K-FACTOR

Inpuf model parameters can be fixed ]oy other experiments,

eq DIS (e+p)

—e Overall normalization of (e,7)0 treated as a free parameter,

Kg to account for perturbahve corrections

—e | une K, using ET in pp min. bias collisions at , /sy = 5.02TeV.

Kg = 1.25 {GBW} Kg = 2.2 {[P-Sat}

MuHiphcty can be then estimated using  [PRL. 123, 262301]

dN 4N B2\ 3
< Ch> =_——=c¥ (47, 2) Vet szX [re(y, x)|
oy /35S s 30 0

(dNcn/dy)
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ANATOMY OF THE FRAMEWORK “ e e o

25
L Basic ]ouﬂding blocks in MCDIPPER, O, =0,(,T1,,T,) allow R %TiiNT'\lLSﬂfm_z — :geé.BC\‘;\?W
o~ ) , —— ey,
for comparison between models, Q priorl and a posferiori L'gzo- T1,n=Tz,n=0fm™ —— K,eg, IP-Sat
> Vsyv = 200 GeV — = e, IP-Sat
O 5. P,
L Non-boost invariant rapidity profﬂes arise <
naturally from the x-dependence of the input E“"
distributions (uGDs,PDFEs) % S ffmmm e e
F 4 T RN
by ~
0
1.0
CT18NNLO —— Q, GBW
T1p=Tzp=2fm™? — = B, GBW

S 0.8 Tl,n = T2,n =0 fm—2 (), |P-Sat
! - == B |P-Sat
E vSyny =200 GeV '




ANATOMY OF THE FRAMEWOR

L Basic building blocks in MCDIPPER, Q, = Q; (3, T}, T») allow

for comparison between models, a priori and a posteriori

Non-boost invariant rapidity profﬂes arise

na':uraﬂy from the x—dependence of the input
distributions (uGDs,PDFs)

Non-trivial nuclear thickness resolution from

T-dependence of uGDs (e.g. in IP-Sat) and
PDF parton flux.

CONSERVED CHARGE DEPOSITION

- '75=3

FROM THE CGC FORMALISM
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ANATOMY OF THE FRAMEWORK “ e e o

Basic building blocks in MCDIPPER, Q, = Q; (3, T}, T») allow

for comparison between models, a priori and a posteriori

14

. . 7. . . Vs =5.02 TeV — gluons
Non-boost invariant rapidity profiles arise o —— quarks
12 A T]_ = T2 =1 fm BB
naturally from the x-dependence of the input GBW T T E:OTti:aNNLo
distributions (uGDs,PDFs) 10 3/ X < CT14NNLO
c ~-- CT18NLO
S e
Non-trivial nuclear thickness resolution from S

T-dependence of uGDs (e.g. in IP-Sat) and 6-
PDF parton flux.

(€iTo)

MCDIPPER enables PDF—depen&ence comparisons

for the baryon—sfopping




ENERGY
DEPOSITION

Glauber samphng — Nucleon fluct.

Further fluct. can be build upon:

Ho{spo{ model |PLB 770 (2017) 149-153]
PDF/Dipole fluctuations

—e Events are trans. and long resolved.

[eg(Ns, x 1 )T]o (GeV fm™2)

|P-Sat
Pb-Pb,/syny = 2.76 TeV

[eq(Ns, X1 )Tlo (GeV fm™2)

|P-Sat

Pb-Pb,\/syny = 2.76 TeV

[eg(Ns, x 1 )T]o (GeV fm™2)

|P-Sat
Pb-Pb,/syny = 2.76 TeV

[eq(Ns, X1 )Tlo (GeV fm~2)

|IP-Sat
Pb-Pb,v/syny = 2.76 TeV
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CHARGE
DEPOSITION

Glauber samphng — Nucleon fluct.

Further fluct. can be build upon:

Ho{spo{ model |[PLB770 (2017) 149-153]
PDF/Dipole fluctuations

—e [<;ents are trans. and 1or1g resolved.

IP-Sat IP-Sat O
Pb-Pb,\/syy = 2.76 TeV Pb-Pb,\/syy = 2.76 TeV S

[ng(ns, x 1 )Tlo (fm~2) [ng(ns, x 1 )Tlo (fm~2) |08 ™

|IP-Sat |P-Sat
Pb-Pb,\/syy = 2.76 TeV Pb-Pb,\/syny = 2.76 TeV
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CHARGE
DEPOSITION

Glauber samphng — Nucleon fluct.

Further fluct. can be build upon:

Ho{spo{ model |PLB 770 (2017) 149-153]
PDF/Dipole fluctuations

—e [<;ents are trans. and 1ong resolved.
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|P-Sat

Pb-Pb,/Syn = 2.76 TeV

|P-Sat

[ng(Ns, X1 )Tlo (fm~2)

Pb-Pb,y/syn = 2.76 TeV

|P-Sat
Pb-Pb,/syny = 2.76 TeV

[Ng(Ns, X1 )Tlo (fm~2)

Pb-Pb,y/syn = 2.76 TeV

- 1.2

- 1.1

- 1.0

- 0.9

- 0.8

— 0.7

— 0.6

(,_wy) [u2]

12



LONGITUDINAL CORRELATIONS

Decorrelation due to non-trivial

X—depenence

.

MecDIPP!

of uGDs and PDFs

Energy dependence (RHIC/LHC)
ncﬁruraﬂy reproduced within the

R framework
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SUMMARY + OUTLOOK
I

We have developed a 3D Initial state model using the principles of High Energy QCD,

— fOl’ (1].]. C‘OI].SGI'V'G(J. charges —

I

iny one free parameter. Rest is fixed ]oy other experiments.

I

Sysfemthaﬂy improvable: Fluctuations, extensions to lower energies....

I

Future ploms: use it as omoﬂysis suite for saturation physics.
Comprehensive comparisons across models.

14
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YIELDS AND ECCENTRICITES
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LONGITUDINAL CORRELATIONS
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