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Nuclear collisions and the QGP expansion
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In brief

As cold-atom experiments are conducted S — B PBS@671 nm
and compared to high-energy nuclear = -1

collisions, Li et al. observe a universal 5 é A @671 nm
scaling in opacity (average number of Z—) *
9 P v 9 /=50 mm

b\

collisions per particle) of the expansion
anisotropy between the two systems,
despite their vast differences in scale and
physics. The scaling is of an approximate /=50 mm @ Feshbach

~ I
square-root dependence, characteristic \ ,/ 7 g

of random walks. This finding may alter 2
Average number of collisions per particle (Opacity) the hydrodynamic paradlgm.o.f expans:lon (b) :

dynamics and potentially unifies a variety
. " X
of physical systems, from dilute gases to f
N dense quark-gluon plasma of the early Imaging beam & MOT beams
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Supplementary Table 1| Summary of estimated parameters w W . . - ooess
2Eor
: ]
Parameter Description Prior range Posterior estimate  MAP valu __ 05 18
Norm [GeV] Normalization factor, /SNy = 2.76 TeV 8-20 13974 13.94 “HW ! ! ! { !l’\ o
Norm [GeV] Normalization factor, \/syy = 5.02 TeV 10-25 18. 5+11'% 18.38 £Eom r /\
p Energy deposition parameter —1/2to+1/2  0.00675%8 0.007 E‘;m F e
Ofluct Std. dev. of nucleon multiplicity fluctuations ~ 0-2 09032t 0.918 an y ’ y - . - /\ -
w [fm] Gaussian nucleon width 0.4-1.0 0. 96+%%‘:3 0.956 % g . L
dmin [fm] Minimum inter-nucleon distance 0-1.7 1 28*%‘;% 1.27 ::7 e - i Oa7EE
Tts [fm/c] Free streaming time 0-1.5 1. 16*%";% 1.16 ‘EMZ ‘ i ‘ AL |k J J_L]L -
m/s min Minimum value of n/s (at T¢) 0-0.2 0. 085+%%%65 0.081 Em | A | 4 ‘L A L L
n/s slope [GeV~']  Slope of n/s above T 0-8 (11 e 1.11 . or0 002038
nls crv Curvature of n/s above T —1to +1 —0.37+079 —0.48 HAN I B 4L " L L L N _—
¢/s max Maximum value of ¢/s 0-0.1 0:087* 028 0.052 s - , i ‘ L " ‘ l LL L]’— | i
(/s width [GeV] Width of ¢/s peak 0-0.1 0.029*0.045 0.022 = ~ : : o 152438
(/s Tpeak [GeV] Temperature of ¢/s maximum 0.150-0.200 (U g 0.183 i3 wa) . y - N — - }' ’- ——— A
Tewitch [GeV] Switching / particlization temperature 0.135-0.165 0:152%0.9% 0.151 L. L L L L_ oa
S| B AR B | - [ '
Posterior estimates: The central values are the medians; uncertainties are the 90% highest posterior density (HPD) cre o gemg O el r:zl ; du'-'%]" nm'fl ’ M"/:""'"M n'}if“v"ﬁf T enm” {'[ew&’f" eﬁri@ “%%3:6 gt

Ge!
ble intervals. The maximum a posteriori (MAP) values were determined by numerically maximizing the posterior probabi o
Supplementary Fig. 2 | Posterior distribution for all parameters. Diagonal: Marginal distributions (histograms) for each parameter. Annotated
are the posterior medians and 90% highest posterior density (HPD) credible intervals. Off-diagonal: Joint distributions (density histograms)
showing correlations between pairs of parameters.
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Hadronic Nucleus-Nucleus Cross Section and the Nucleon Size S |
Govert Nijs®' and Wilke van der Schee’ 7'250 - 7b - 90 7'(2) 4 T 018 o 1.2
'Center for Theoretical Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139, USA ) ) ’
Theoretical Physics Department, CERN, CH-1211 Genéve 23, Switzerland ONN [mb] W [fl’l’l]
JETHER Nucleon Size Independence of Hadronic Nucleus-Nucleus Cross Sections
) p 1,2, HJX, arXiv:2602.18683
Opp =T bmax]vinteract IN total Hao-jie Xu

ISchool of Science, Huzhou University, Huzhou, Zhejiang 313000, China
2Strong-Coupling Physics International Research Laboratory (SPiRL),
Huzhou University, Huzhou, Zhejiang 313000, China.

Ninteract: BETEFAFEL

Recent proposals to constrain the nucleon size using hadronic cross sections (o a ) conflict with collective flow

A\ Y /A
N, total * J'wﬁ\ %'#F@!ﬁ data. I demonstrate this dependence is an artifact of “geometric inflation,” where smearing point-like nucleons
b =20 fm unintentionally dilutes the nuclear surface. By implementing a self-consistent framework that preserves the
max

global nuclear density, 1 Show that oaa 1S essentially insensitive to the nucleon width. This establishes oaa
as a robust probe of the nuclear surface rather than the sub-nucleon scale. Utilizing this property, I extract a
neutron skin thickness for 2%Pb of Arpp € [0,0.21] fm, providing an unconventional way to constrain the nuclear

wzﬂ'%;i;z% E%ﬁﬁ/ﬁﬁﬁiﬂ‘% symmetry energy using high-energy hadronic observables. Wik j(%)
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Fitting the cross section

L ST I A PR AN 1A% TR TE |
It is vital that the model reproduce the inelastic nucleon-nucleon cross section oy . This condition
may be written

oy = [ &b Paa®) = iF
E [ (b) n+n, s, =5.02TeV, 6, =70 mb
where 3 400—
b —
- m— Gaussian (y—e)
Peon(b) = 1 — exp[—0,Tap(b)] -
i - = dipole (y=3
is the probability of two nucleons colliding at impact parameter b. 300+ ‘_\ poleiy=3)
I N monopole (y=1)
binax o b2 L
O'NN=/ andb{l—exp -—2 _expl -—— ,
0 4rw? 4w? B
200
where by, is the maximum impact parameter for a collision. Let b,,,x = Aw, i.e. some number of I~
nucleon widths (the actual code uses A = 6). :
After appropriate change of variables, this relation may be written 100—
A2 2 (o} (o3 C
TR R R B . . S
Tw Tw Tw
r./\3 (= w fm)
p

where Ei is the exponential integral. This is still a transcendental equation but it can be quickly
solved numerically for a given cross section and nucleon width.

Glauber C.N. Yang Trento
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HIX, arXiv:2602.18683

Case Thickness function Tp,, (b) Form factor F(q) Nucleon density p(r) RMS radius r),
K b Y b 21—y v-3/2 ’
General =] K, |= _— K,_ = <1301
€neral y 47({2 ({) Y {) (1 il q2{2)v (2”)3/2{3 F(V) ( ) 3/2 ({) ( + 7) {
1 b b 1 i
v = 1 (monopole) ‘?{2 Z K; Z pw— e
1 b b 1
= 3 (dipol —— =] K= -r/¢
Y (dipole) 96172 ({) 3£{) 8”{3e 2
, 1 b 4
v — oo (Gaussian) i exp ) (27T)TW3 exp (_m)
R =2 [ babh@hTu®) @ _
e )
with Jy the Bessel function of the first kind. Using the kernel, =y p = Fenp
l_Q.

. * k [(b)” b .

K(q;7,0)=2rn bdbJy(gb)— |=]| K, |- 107

@r.0 =2 [ o(q>4ﬂ§2(§) y({) o'k

K * b\” b 1072 -

=— bdb Jy(qb) (—) K (—) 3)

242 /o g "\ j:

With x = b/, we have 10 §_ — Gaussian (y—>)
- K 0 10*E  —-dipole (y=3) \\ ,,,,,,

K(g;v,¢) = 573 / {x dx Jo(qlx) x7 Ky (x) - \\
¢ of,’ 105 monopole (y=1) \

=5 [ @ ek, @ :

0 10-6 1 I 1 1 1
1 ) 0 1 3

= |F(g: 7.0l 4 b (fm)
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: o WS
E&QW <p(r’ W)) - (p (r)>9 (4)
- rp(riw)) = (o™ (1), ® -
\ 3 g 2 ) W £ o8 - (@) Pb+Pb, \s, =5.02 TeV, o\, =70 mb
BOEETHEEM L L (Pprw) = ("), (6 gosf® T mmseTan o
08 ismssmume R RR SR ST
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. — S rey
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e £ '
EG7 ;— ww.-.:"_"'_:‘__,',:::;"::';:‘;:‘::‘::::;———-—-—
s —— Target Density [ S°t®ccsccccccsccccnanna,,
o 2 N Geometric Inflation 208Pb 6.6 2
E \ —-—- Corrected Sampling C . .
C; 0.8 l‘l Inflation Region %ﬁ@\%ﬁ%%ﬁ . 0.4 0.6 0.8 w (fm)
-‘g 0.6 kY R =6.647 fm S1.05]- () Pb+Pb, {5y =5.02TeV, 6, =70 mb
a “Pb, w = 0.9 fm Surface Inflation a = 0 523 fm \g 3 -
D 0.41 ’ 107 ———— S
N o N
N C === From Eqs.(4-6) N
o kL. 0.95
g 0.2 }ﬁ%*‘&‘%ﬁ%;ﬁ . - === From Eq.(7) \\\
s R = 6.682 fn 0 : 0 )
%05 2 4 6 5 10 1 a = 0.447 fm
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