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INITIAL CONDITIONS

From the Hot QCD White Paper, a list of current, pressing avenues on the initial states

Initial condition: ,/syy dependence and longitudinal structure
B,Q,S Charge deposition and the search for the CP
From medium to small systems

Better quan’cifica’cion of ICs for large systems

Initial condition for hard probes



INITIAL CONDITIONS

From the Hot QCD White Paper, a list of current, pressing avenues on the initial states

‘-------------------------s

[
Initial condition: ,/syy dependence and longitudinal structure

B,Q,S Charge deposition and the search for the CP

From medium to small systems

~------------------------

Seemingly different,

Better quan’cifica’cion of ICs for large systems But in reali’cy, in’cima’cely
related!l

Initial condition for hard probes



QGP LONGITUDINAL STRUCTURE

\/% dependence longitudinal structure
\ INITIAL STATE )

+PRE-EQUILIBRIUM
small systems - 4



QGP LONGITUDINAL STRUCTURE
\/Syy dependence longitudinal structure

\ INITIAL STATE

+PRE-EQUILIBRIUM

small systems
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WHAT IS THE INFLUENCE OF THE INITIAL STATE?

1Cs ViSCOUS CORRS.

[2104.09513]

- T
=0 PRE-EQUILIBRIUM
_jTA(ﬂ:
QGP_ t ot ot ottt
By momentum conservation we know 1 | ) [See Jo's talk. Mon. 10am]
that transverse Velocity is created — aT(T Tﬂ) = — ajTJ :
Jrhrough gradients L
59/ =iax +p 6" it
Addlhonaﬂy transverse anistropies in +}’ (”,iln.jaﬁa _|_ ﬁ]ﬂmﬁa +nnjﬁaﬁbn- b)

the energy- stress tensor accumulate in Tl] _ Pél] — ﬂij R L L L R R R

arXiv:2605.12791 [hep-ph]

the shear tensor
[See Isabella’s talk. Tue. 9am]



METHODS: STATE OF THE ART

DoFs/motivation behind the energy and charge deposmon

R

LARGE-X GEOMETRICAL LOW-X

Collinear fact. Effective description O~reroccu pied
Described by PDFs Often parame trical Color fields




METHODS: STATE OF THE ART

DoFs/motivation behind the energy and charge deposmon

llllllllllllllll

LARGE-X GEOMETRICAL : LOW-X
Collinear fact. Effective description E O~eroccu pied E
Described by PDFEs Often parame trical - Color fields

4
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THE COLOR GLASS CONDENSATE
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THE COLOR GLASS CONDENSATE

Hard Partons J (x) ~ p(x™,x,)

A
19
: < Static color sources sampled

s from distribution W|xg; p]

o (R
{1[ [ }‘ .............................................................................................. D, ] =
4[ Soft Partons ﬂ

Macroscopic Field

T AW)

I '

i %

S SPECIAL CASE: 9) 9)

B GAUSSIAN 15 (Pa(X ) (¥ 1)) = p(x)) 6P(x; —y))

<@ o &>

where

//tz(Xl) ~ T(x;) Colour charge density in the nucleus




POWER-COUNTING IN THE CGC

WHICH APPROXIMATION?

Depends on \/E A,/A,, centrality, rapidity range, and k. of particles

DILUTE-DILUTE

Qg?,l/kﬁ < 1 QS2,2/1<22l <1

gA|, < 1, sothat LO:
(0), ~ O(p1p2)

Match pQCD computations in the
collinear limit (k, /Q¢ > 1)

DILUTE-DENSE

£\
R N )
}. Qs,z/ ky ~1

Qg,l/klzl <1

(O)X ~ O(p,) all orders in p,

Forward limit: hybrid factorization.
PQCD projectile PDFs + CGC target
unintegrated gluon distribution.

U

Search for saturation: Probing a
nuclear target with ind. partons!

DENSE-DENSE

Qf,,l/kfl <1 Q§,2/k22l ~ 1

gA1p>1 = (0),
all orders in p; and p,

Analytically intractable:
CYM equations in 3+1 (2+1) D,
numerically solved



DENSE-DENSE: IP-GLASMA

LO approximation for the CGC evolution of a dense-dense system.

IP-GLASMA

1) Sample nucleon positions (e.g. MC—Glau]oer)

2) Sample color currents from those nucleons (J, z)

3) Solve Yang—MiHs*,** in the presence of both currents, and D J"=0.

* Bounciqry conditions and state at 7 = 0 well known

qnquticqﬂy

** Assume boost invariance and solve numericqﬂy in 7 and X,

4) Get energy-stress tensor, T"
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DENSE-DENSE: IP-GLASMA

LO approximation for the CGC evolution of a dense-dense system.

IP-GLASMA

1) Sample nucleon positions (e.g. MC—Glauber)

2) Sample color currents from those nucleons (J, z)

3) Solve Yang—MiHs*,** in the presence of both currents, and D J"=0.

* Bounciqry conditions and state at 7 = 0 well known

qnquticaﬂy

** Assume boost invariance and solve numericqﬂy in 7 and X,

4) Get energy-stress tensor, T"

NOTE: EXTENSION TO A, =0

3D IS NOT TRIVIAL




RAPIDITY RESOLUTION <> LONG. RESOLUTION
LONGITUDINAL STRUCTURE

colliding
nuclei

spy)  Jdxp?)

Teoll K 1fm/c

q(p,y)

D(x,,p)

TEKT ™~ 0.1fm/c

PERTURBATIVE CASE

Perturbative expansion on the sources
allowrs simple kinematics, connection x < y

straightforward

COMPLETE LO CASE

Every contribution of sources taken on
account, solvable numericaﬂy, but

connection x <>y is very cornplex

10



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

CGC IN 3D: THE McDIPPER

Monte-Carlo Dipole Parallel Event GeneRator

L]

Heavy—[on Collisions

Perturbative realisation of the LO glasma graph + Baryon stopping by CGC

(7, e(X,71) )

[GeV fm™?]

=5

(r,B(x;,n)y [GeVfm™2]

—T1 1.4
10 |
-1.2
5
PN
= —
= 0 4
— |
> . E
~10
_10 ~5
-5 . 0
<+
ff\ 5 R} }7
2) 0
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CONSERVED CHARGE DEPOSITION
FROM MICRO TO MACRO FROM THE CGC FORMALISM
Low-x gluons dominate the midrapidity 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 vartons
quf B xlq]fﬁ‘ (X1, pz, X) Dg (55, X, P) —f 9 P 2
d2xd?pdy (27)? PDFs — Ai q]‘(xia P°)
n xzq]‘ﬁ‘ (2, P, %) Dpyn31, X, P) é Different PDF sets*.
(2m)? |

*Accessible in the MCDIPPER through the
LHAPDF h]orqry

Sysfemthaﬂy Improva]ole e.g. ]oy incluohng NLO gg— ¢g production through gluon fusion 12



THE PRICE TO PAY

HOWEVER,

Knowledge of the distribution of the nuclei

is still contained

____________.)

As well as dynamicsl Albeit in a
sirnplified limit.

THAT SAID:

PRE-EQUILIBRIUM This is a story about how [ am
STAGE

____________________________________________ > 7 descrip’rion in this limit.

sys’[ema’ricaﬂy enhancing both sides of this

15



FROM MICRO TO MACRO

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

single parhcle distributions

Total energy deposihon

(et)y =

d’p |p|

dN

8

K |
8 d’xd?pdy

2 ndiy
2% ]2
T d-xd“pdy

= Y=

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

conserved chqrges such as, l.e. electric charge,

Q1) = )

O

/

(BT), = Z Bfn
e

d’p

dN; dN;
d>xd’pdy  d*xd’pdy

dN; dN;
d>xd’pdy  d*xd’pdy

Y=Hj

Y=

(o8]
o

~
o

(@)}
o

Ul
o
1

CONSERVED CHARGE DEPOSITION
FROM THE CGC FORMALISM

i T]_’p=T2’p=2fm_2
i T]_’n=T2’n=Ofm_2

IP-Sat + CT8NNLO — JSum =200GeV

VSNN = 2.76TeV

K, =1.85 — \/Syny =5.02TeV

i T]_’p=T2'p=2fm_2
i T]_’n=T2’n=Ofm_2

IP-Sat + CT8NNLO — /Swv =200GeV

VSNN = 2.76TeV

K, =1.85 —— Vsuy =5.02TeV

-2.5 0.0 2.5 5.0 7.5

Ns

14



MCDIPPER+CLVisc 3+1

McDIPPER

T:O T:TO

CLVisc 3+1 |

Hydrodynamical evolution

(GM, Schlichting, /hu, 250114879]

'-------------------------~

i lH BH B = I == I == =B == = =B W

MCDIPPER
* [nitialisation time 7, = 0.6 fm
* K, (Fit to central PbPb data
» Two tuned at 502 GeV)

paramefers:

e ¢ (using p+p, p+Pb data to
describe mulhphcity fluct.)

CLVISC 3+1

e [srael-Stewart-like viscous hydro evolution
[PRC 98, 034916 (2018)]
e Duke transport coefficients [PRC 94, 024907 (2016)]

o Baryon diffusion included in Hydro (CB =0.4)

o Equa’cion of state: NEOS-B [PRC 100, 024907 (2019)]

o Cooper—Frye parhclizahon for cells with
e <0.267 GeV/fm’, including Viscous corrections

.-------------------------'
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https://arxiv.org/abs/2501.14872

dN/dn

SOME SOFT RESULTS IN LARGE SYSTEMS

- —— nucleon t  5-10% il
2500 - nucleon fluct(0=0.637) + 10-20% -
L qotspots + 20—300/0 _|
i ——— hotspots fluct(c=0.637) + 30-40% i
2000—  -e- notspots fluct(o=1.2) t  40-50% ”
i b 0-5% :
1500 — —
1000{— 22 C U 5 = -
500 B A ks, TFj
0—6 | —4 o 0 2 4 6

N

Minimal IC tuning. Shape of dN_,/dy given by IP-Sat

[GM,, Schlichting, /hu, 250114879]

odd

0.5

0.0

-0.5

-1.0

IIII|IIII

¥ ALICE 10-20%

Specfcﬁror

plane method

-1.0 -0.5

0.0 0.5 1.0

[C-information tunes the sensitive 1ongitudina1

structures, and describes data quqnhtatively

16


https://arxiv.org/abs/2501.14872

SOME SOFT RESULTS IN SMALL SYSTEMS

200

175

150

125

Minimal IC tuning. Shape of dN_,/dy given by IP-Sat

s 0-5% N 20-25%
5-10 % BN 30-35% -

10-15 % B 40-45% -

Lhred, LT

HElH
HIlH
HlH
il
—il—
III| || |III |IIII|IIII

g/ ﬁli..............unilﬁ =

g i CMS data O+0O@+/syy=5.36 TeV g

i R s
n

[GM, Zhu, 2608 XXXX]

x 1 O._S. |

10-30% Jsvw =5.36TeV _

vodd{Sp)

[C-information tunes the sensitive 1ongitudinq1

structures, and describes data quqnhtatively

17



SOMETHING

WAS BOTHERING ME

WHY DON'T WE GET 7™ # 0
IN THE KT-FACT FORMULA?




THE QUESTION

d’q d’k

, ng g :
® [ ot's take a look at the pqr’ficle production {

Pxd?pdy 875 Cr p2
formula: xdpdy  SmCrp

27)*8(p + q — p)

(2m)* 2m)*

X (I)l(xla X, q) (I)Z('XZa X, k)

(2m)° 1 dN
07 d?xd’pdy

o Assuming a Cooper-Frye f(x,p) =

type surface for constant-r 4

—0.07

Easy to see that if gluon distributions are independen’r ~0.06 -

functions of x and k: e.g. ,(x,k) = kze_kzF[X], then it is o005 -
not possi]ole to generate non-trivial cross-terms.

e BUT! This is not the case for a general uGDF! Con.

[n [2511.22763] we found that for a gaussian colour dist. ~0.01 -

O (x,r) = e ~FLx][k]xr]

o(n—y) — TT“”Z/dQdep

Hp¥  dN

S(n —
pT  d?xd?*pdy (= y)

Dipole correlation function Gyy for a set of dipole configurations

— ¢ =0/81
bl =0 _
b, = |b] — @=1/81
Ir| = 1GeV~! ¢ =2/8n
r =|r|lcos(¢) —— ¢ =3/8n
r; = |r|sin(¢) 0 =4/8m
XxX=b+r/2
vy=b—-r/2
) ) : —*
1 2 3 4 5

|b| [GeV~]

19



THE QUESTION

dN, _ g’ [ d’q d’k
d’xd?’pdy 87> Cp p?

® [ ot's take a look at the pqr’ficle production

formula:
d
neeé
N
® Assuming a Cooper-Frye \ w\ﬁﬂch 4% " eo‘c\ﬂ % 57— y)
’rype surface for ggu & \\ -SD—G‘TQ \ﬂ e«re'ﬂ)" ¢ Py
‘&12 S oYX eaC :
)ce 1 *‘ UG‘DES & eﬂs"‘ve figurations
nter®® the W7 alio™ g e¥P
- e OY€ b \ 100 © onh@“ : m?ossl = zzggz
¢ Casy to s B\)_’C W '\ < eV O ik 2 'D*' 15 } |rzlzllbéev_1 o =2/8n
fU.IlCJ[iOIlS ( Smo'\ g ’C b‘Y e‘\Te rlzlrlcQS(cv) — ¢=3/8n
the ever Sl — oo
I].O'I: pOSSib]. ] *_ho‘*' y=b-r/2
Dolﬂg —0.04 -
e BUT! This is =tal uGDF! oo
[n [2511.2276 e found that for a gaussion colour dist. ~0.01
— —F[|x],|k],x: 0.00 . . =S ——
(I)i(X, I') =€ [1x].[Kk].x-r] 0 1 2 3 4 5

|b] [GeV™!] 19



A SIMPLE CASE: ANISOTROPIES WITHIN THE NUCLEI

k2
® GBW model (gaussiqn gluon distributions) D(x, Kk ,x,) ~ exp ( Qz(xlx )> Qj(xa X,) ~ X_AT(XL)
A\ A
® Simple kinematics x| = pLe’ X, = pre™”
Fixed ]oy ‘measured” gluon \/ SNN \/ SNN
8(p.y)
2 +
T) ¢ XY
o Gluon distribution dominated X| ) = Qi Te
by saturation scale \/ SNN
- - 0105 4 4 212 |
@ Analytical solution to energy €% (20, + 205, +70705) Complex function  ezy[T}, T,]

® Some’rhing like Tk,

€TO ~/

- 1 1/p
TV + T§

2

ENTO

(G +0p

WHY IS THIS IMPORTANT?

Particle correlations take (- ) of powers of thermo. quantities.

Even when subleading, extra-powers may induce error.

20



A SIMPLE CASE

1
® [ ct's start from the beginning.  ¢,(x,X,K) ~ k*’D(x, x, K) ? D(r,b) = FTr [V(a:)VT (y)] — ol'(z,y)

C

Where in the MV model

Da.y) = A@.y) - sA@a) — sAwy)  ond  Awy) = ¢°Cr / G(e — 2)Gly -

B ia;ﬂ(b) 1 jazﬁLQ(b)

2
— b . | ——
parameter and equnding H ( ) v 0b? Qw w obtobI

® Assuming soft dependenee of impact ,u2(b B w) | O(\’wl?’)

o Thenwehave TI'(z,y)=To(z,y) +T1(z,y) +T2(x,y) with ['xy =0 (parity)

CO].OI cl!arge d.ens.

21



® After some massaging of the equations

2,2
g~ u(b)
['y(X,y) = pr— Cr (1 — rmKl(rm))
® Small-r limit
2 2 1]
g“C r |
Co(x,y) =~ ~u*(b)— log | —
2r . rm |

A SIMPLE CASE

a.C
[,(X,y) = ——V,V,u’(b)

24m?

xK,(x)r'v/

26

m2

aC S
[y(x,y) = 22 LV, V. p2(b)(rir — 59r?)

m2

® Performing the classical method of convenienﬂy forgeHing about the log,

[O. G-M, 2608.XXXX]

D(r,b) =¢

1 —1
41‘2 r

with X !=

Q’(b) + — VIQ*b) —-—V, V,0%b)

1 2
——— V. V,07b)

0 +— V2Q*(b)

(2 — X*K,(x))

22



IS THIS... OK?

® Hoving D(r,b) = e~ AT every’rhing boils to whether 7! is positive definite

® Sy]vesfer Criterion: all of the ]eaoling principal minors

> >0 det |71 > 0
must be positive. = & and et | |
- : Q(% b2 B 1 QZ(b)
® Slmp]e Examp]e: Gaussian Q?%(b) = S exp ( 2R2> 2111 _ Qz(b)(l 6m2R2> : Py b2
Which that: R > —
D g 6m From which det |2, | >0 automatically follows

All to saLy that grqolients have to be smaller than the regulqtor's size

25


https://en.wikipedia.org/wiki/Principal_minor

COMPUTATION

® Now, Fourier Transforming we get

dN  CF dr At / d’q d*’k g%k’
d*xd*pdy dmtas \/det B-1(xy, ) \/det -1 (xg, ) J (27)% (27m)% p°

x e T2@1®) g,k n(z,T): ’“(277) o(q+k —p).
® From which we get this absolute unit of a formula

IN 20 1 sy
d*xd?pdy T asp? \/|21_1||22_1| 4m+/]13 ]

{Ho<p> 2p- B8 Bip

+ ot [(B- )P+ By p)?] +

. tr[SN)F + 2t (2T }

with ¥, =%, +%, and £=3 -3 3;!¥

[O. G-M, 2608.XXXX]



GETTING T

HpV dN
® We will use 7TH*¥ = /dQde rr

- d2xd2pdy5(” ) from which T = T = 7T = ()

since  §(n — y)p" =8 —y)|plsinh(n —y) =0
1 rJT r OO

® Example: energy density ;777 — Cr do| dpJ(p, g)e—%Apz
S SVITPRTE TR

® Equnciing on small gradien’rs (a condition for posi’rivi’fy) we get at first order correction

TT C 1 i
T = ——— — |Q(VZQT + V5Q1) )20 + 5Q1Q3 + 22Q7Q: + 4Q5)

ZWﬁas 96717,2 (QQ) i
+Q{(V2Q35 + V2Q3) [4Q8 + 22Q1Q3 + 5Q1Q3 + 2Q3)

[O. G-M, 2606.XXXX]

25



GETTING T

® ‘We also get this simple and beautiful looking transverse pressures.

C I
T 2 F 384m?2 (02) " [Q <V?2€Q12 (—ROP — 50705 + 500705 + 805) + V207 (1007 + 250705 + 380705 + 8Q26)>
T\/ T m
Or + 500705 — 5010 - 20707) + V505 (80/ +38070; +250{0; + 10Q%Q§)]
= : z [sz ( VI07 (1007 + 250705 + 380705 + 805%) + V07 (207 — 50705 + 500705 + SQS))

2my/ mag 384m? ( Q2

V03 (80} + 380103 + 25010 + 100709) + V303 (30}-+ 500703 - 500! - 20109

® And the cross terms

) Cr 0705
T T, s () (2Qf+5Q12Q22_2Q§>+VxVyQ22<‘2Qf + 5070} +20]) )
\ m

26
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WHY IS THE KT-FACTORISED
FORMULA ALREADY SO... ISOTROPIC?




SECOND SOURCE: ANISOTROPIES FROM GLUON RESOLUTION

dN

2

In the dilute-dilute limit of the CGC, single gluon production is given by E —£ = o VAR
Td#p  22n)3 ¢
dN, g2 _ : _ : _
By =500 ). 1 kokkik) (o] 60 pas®)) (o ) pas) ). where ki =p -k,
’ Ykik,
T
. I, 7 _ Pl ij Sk ij KA\ 11 1J LK A 1
With Hard factor: Hk. k. ky. ky) = i |7 (676 + eVe™) ky K ki k3 YEYEYE o
® [.ct'sswitch to uGDFslom/gquhT | 50 [k, + k.12 . K +k,
cotsanay = (B o (35)
A X

® What is the underlying physics?

dN 4g° LT
933, 5g 2 J H (kl’kZ’kl’k2>
d°p  CarCrp” Ik ik, Ixy

1

- - 72 r _ 72
ky +k, k2+k2] e{h -]

2 2

29



® [f-we Wigner—trqnsform to pair coordinates

And eqund the hard factor around the relative coordinate H = k12 I_c% I I_c%

k, +k, k, + k,

, v b

® o get the ladder of contributions, a grqdien’f expansion

M8

PECF

h{q.k,§,k)

2

qikt

Q)

e e®y g, (q,%) ppk,y) = ) E

qgkk Y xy K 1
> 27)2%5(p —q — G2 —k — k/2)

1=0

® We get then easily the zeroth order contribution, which is the k -factorised formula

AN

Ep =
d3p d*x

U

271'4sz_ CF .

qk

27)*8(p — q — k) p,(q,x) pgk, x)

50



® We will also get up to the first non-trivial correction, to be consistent (6(9%))

I dNV B a
PdBpd>x  274p? Crlu

qi

2
1

(27)°8(p —q — k)

k2

q1

(¢'K — (q - k) 8Y) 00,

(Kki=2k3 67) 0i0], — —(q'g'~3q7 67 ) 0

¢A(qv x) §0B(k9 y)

q3 k%

Aniso’rropies are included due to coupling of gluon momenta and gradien’rs of the

unin’regrqted Gluon Distribution Functions!

® From this, we get also an expansion on gradients for the stress- T THY

enerqgy tensor

N

TT(’)” + TT{W + TTé’”

- 4

~

0(3°) 0(0°)

00"

+ ...
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A SIMPLE CASE: AGAIN

® GBW model (gaussiom gluon distributions)

® Simple kinematics Y. = p e’
. ) 1=
Fixed ]oy measured gluon \/ SNN

o Gluon distribution dominated

D(x, K, ,x;) ~exp (

_pe”’

\/ 9NN

%%)

Q12,2(x9 T) € =)

Ao =
]oy saturation scale

® Analy’rical solution to enerqgy

0103
(0% + Q3%

T ~ f’“‘”

\/ SNN

(204 + 205 + 70705 With

ki

Q,%(xa XJ_)

)

Qi(x, X)) ~ x*T(x,)

g,y

¥ = diag(1,1/2,1/2,0)
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SUMMARY, SINCE COMPUTATION IS LONG

® [he resul’fing first order TT{W — V[f'w giSO + I ],

aniso

Tio= H (VO VO)+5(Hi* V203 + H(%;“’>+%<Hf<’>““ VT +HI VO

20} — 11 0?05 + 203
4(Q% + Q32)72

T aniso = %[(Vlez VxQ22 B Vle2 Vszz H' — (V%sz B V§Q22) Hgia B (‘ VxQZZ‘Z B ‘Vszz‘z) Hgia

— (V207 - V207) Hi - (IV,07 - |V, 0} ) H3;|

X 1 2 2 2\712, 2 2 1712, 2 173,
go =1 [( V.0PV,02+V,0°V,03) HU( - 2V, v, 02 W2 — 2V,03 V,03 H2 — 2V, V,07 H

—2 Vle2 Vy le H23(’)a]
FYW = G The rest vanish

aniso aniso

With functions such as HWD =
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A

case for intuition
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A case for intuition
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A case for intuition

B+PB
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PB+PB

In’regra’[ed effect is negligi]ole for

simple initial state ‘observables"
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PB+PB ’
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simple initial state ‘observables" 157
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enerqgy densi’ry but affects -
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mul’riplici’ry! 3 20-
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WHY TO CARE? s
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but 1occ111y is impor’ranﬂ
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SUMMARY AND CONCLUSIONS
l

Gradient expansion in the uGDFs and in the gluon production amplitude yields a hierarchy of a new
scalar and tensor structures, built from local dipole amplitudes and their transverse derivatives,

|

Worked an extended k| -factorized ansatz at first non-trivial gradient order: keeps the compact
factorized form while presenting new positional dependence.

|

The effect should be most pronounced in fluctuation-dominated systems —
O+O, Ne+Ne, as the gradients |V | QS2 | are more important.

|

Local fluctuations and anisotropies carried through the evolution as correlations,
can we probe them with jets?
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THE COLOR GLASS CONDENSATE

A 1/x : Hard Partons J~(x) ~ p(x™,x))
12 § a.
: < Static color sources sampled
s from distribution W|xg; p]
ISP
{1[ [ }‘ .............................................................................................. D P4 =
s Soft Partons
; Macroscopic Field
B AW)
T '
i %
i3 WHAT IF WE WANT TO CHANGE x;,?
<o 6 o> Cutoff change RG-FLOW IN THE CGCl!

changes the effective action RG Egs: JIMWLK

WL _ g wip

Wixg; pl = Wix; p] Tloa(1n) H o W,
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y-Coordinate [fm]

THE EFFECT OF EVOLUTION

Y = log(1/x)

AY=0

.............................

AY=3

.............................

.............................

AY=9

.............................

x-Coordinate [fm]

NEON

Wilson line trace: Re(tr[1-V(x,y)])/N,

y coordinate [fm]

\/s =70 GeV
8 — T
6 rY=1log(l/x) Y=0
4 - i
22 - -
() - -
D |
4 - |
6 - |
8 L L

-8-6-4-2 02 46 8
X coordinate [fm]

P

\
\)

[

/3: Y
OO0

{ﬁég%QQDGSDC?\
&

>

ég}ﬁf)ﬂ oo
S
Q“,

,({ﬁﬁy"m; ST

>

[From EPJ Web Conf. 296 (2024) 10005]

PROTON

= 7000 GeV

| | |

Y, =

| | | |

4.6

-8-6-4-202 46 8
X coordinate [fm]
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THE COLOR GLASS CONDENSATE

Simplest setting: Single charge meeting a wall of gluons

—igA~(z" ,X|) ~ lgA(x) ~ lgA(x)

T TTHTTT

+ symmetrization

All possible “kicks” by the gluons within the target

Test particle’s transverse momentum (initially 0) is broadened dynamically (with
mean around Q (x)!)
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TAKE HOME MESSAGE"

530 ¢
75000000 |

CGC — Strong classical fields: = E
Multiple scattering, broadening -

— Atheory of Wilson lines V= e~i8]dTATX) vesums a, log 1/x terms

. . /g Dipol
— Observables are a combination of hard-factors and colour averaged T

source functionals

<é>x — J G‘)({kl}) ® <F[{pz}]>x <F[p]>x — J'gzp W[X, ,O]F[,U] y:rrﬂ Hadron/Nucleus
(k) \> st dustribufions +
Pou-x evolufton |
e fe }/
— Classic example: dipole e
. . %k *_S 07 2
cross section at LO in a ol =2 Z J J Wl r, 2, 09| D(x,b, 1) =
f b,.r Yz
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THE INITIAL STATE OF A HIC ... IN 3D.

What do we expect 1o have”

]
NO_JEUIQ Of DOFS depenols moolel—]oy—model ( )

(1) Fireball energy deposition: C.o.M of collision

favours midrqpioﬁty.

L‘ High density of gluons, string ]oreaking, etc.



THE INITIAL STATE OF A HIC

What do we expect 1o have”

NO_JEUI’Q Of DOFS depenols moolel—]oy—model

(1) Fireball energy deposition: C.o.M of collision

favours midrapidity.

LO High densijry of gluons, string breqking, etc.

(2) Fragmentation region energy oleposihon.

L‘ Quark scattering, ]oqryon junction, hadrons?



THE INITIAL STATE OF A HIC....

What do we expect 1o have”

Ni
Nature of DoFs depends model-by-model
(1) Fireball energy deposition: C.o.M of collision (3B) (3A)
favours midrapidity.

LO High densijry of gluons, string ]oreqking, etc.

(2) Fragmentation region energy oleposihon

L‘ Quark scattering, baryon junction, hadrons? 0—|

(2) Fragmentation region charge deposition: OB and S (in fluctuations)
g g 9 P



METHODS: STATE OF THE ART

DoFs/motivation behind the energy and charge deposmon

R

LARGE-X GEOMETRICAL LOW-X

Collinear fact. Effective description O~reroccu pied
Described by PDFs Often parame trical Color fields




METHODS: STATE OF THE ART

DoFs/motivation behind the energy and charge deposmon

llllllllllllllll

LARGE-X GEOMETRICAL : LOW-X
Collinear fact. Effective description E O~eroccu pied E
Described by PDFEs Often parame trical - Color fields
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SATURATION®
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BEFORE COLLISION: SATURATION

e PDFs from fit to Experiments (DIS) ?3
X ~ energy/ momentum fraction carried by parton =-;

Q2 ~ resolution scale
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Q2 ~ resolution scale
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