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Energy scan results with Lévy type femtoscopy at NAS61/SHINE

e Source oftfen assumed 1o be Gaussian

% EDU 150A GeVic 13A GeVic
] . .
R - }\1 Sitinse - Experimental results show otherwise
e t .x\:\ might bring new, interesting physics
““ii:\ > o e..  ° Istheparticle emittingsource Gaussian or not?
1 . 2. |+ Are there signs indicating a critical point?
o e ° 134 GeV/e
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Energy scan results with Lévy type femtoscopy at NAS61/SHINE

e Source offen assumed to be Gaussian

- Experimental results show otherwise
might bring new, interesting physics

« Is the particle emitting source Gaussian or Nnot?
« Are there signs indicating a critical point?

You can find out the answers at my poster!

Barnabas Porfy for the NA61/SHINE



The aim of the analysis

Pair source distribution: D(r, K) = jS (p + gK) S (p - gK) d*p
Shape of the source function?
Lévy-stable distribution: generalization of Gaussian

YV V V V

Shown in many experiments: the shape deviates from Gaussian (@ < 2)

Why? One possible reason:

Elastic scattering dominated anomalous diffusion:

smaller larger heavier
Cross- mean free power-law
section path tail

M. Csanad, T. Csorg6, M. Nagy, Braz.J.Phys. 37 (2007) 1002
Humanic, Int.Jour.Mod.Phys. E 15 (2006) 197

Relation? <«

ES) == S

2024.12.03. Laszlo Kovacs: Event-by-event investigation with EPOS



EPOS results

P4 a v +nn_m KK +KK | 322 T oy o KK<KK| 324 1 mosnr 1 KK KK \

N 2 10-20% cent. ol 20-30% cent. 2 0-10% cent.
« RES 1.8- 1.8-
] . i i
= L [ L
Tl 1.6 % 1.61 1.6 H“
= I ﬂ-ﬂ : o s ooy :
C R 1.4 1.4/
CU i L L
ol 1.2 1.2 1.2

. Au+Au [ Au+Au [ Au+Au

1 sy =200 GeV 1~ [Syy = 200 GeV 1~ Syy = 200 GeV

o b by by By b by i nonallinnnllannallonnnllonnallennallonnn v e b by b by by
02 03 04 05 06 07 08 09 02 03 04 05 06 0.7 08 09 02 03 04 05 06 0.7 08 g].g
m; [GeV/ic m; [GeVi/c m; [GeVi/c j

LT 0% e 4 0-10% KKE \ » Observation: a(m)<a(K); approximately\‘

c10- 1 10-20% mn* m 10-20% K*K* ; ;
20-30% Tnt ® 20-30% KK species-independent

E o > Unlike expectation for elastic scattering - X
1) jﬁ dominated Lévy walk
g o > Likely due to resonance decays .
S - » Usual decrease with mT due to
C‘E Al collective flow
3t > Approximate m; scaling holds — R
ST TN T » Same source for pions and kaons, even
02 03 04 05 06 07 08 9.9 .
m; [GeV/c] after decays and scattering? J -

2024.12.03. Laszlo Kovacs: Event-by-event investigation with EPOS



3D pion source images in 200 GeV Au+Au collisions with EPOS

Emese Arpasi
Eotvos Lorand University, Budapest

» Lévy shape of the pion source function seen in many experiments
» Motivation: does the Lévy shape show up in 3D too? . .

- check in EPOS!

Gaussian distribution  Levy-stable distribution

»./Syn = 200 GeV Au+Au collisions generated
by the EPOS program package

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

» Event-by-event and 3-dimensional investigation
of the pion pair-source

e e e e e mmmmmmmeemmmmmmmmme el

»D(r) pion pair source function fitted with Lévy distribution e ? -
l l l .......... o =1
D(T') =L (T; ZaRout; ZaRSidel ZaRlOTlgi a) """ a=0.5

107"

1072

x/R




Results

»Source shape described well by 3D Lévy-stable distributions on an event-by-event basis

»Parameters compared to new final PHENIX angle-averaged results

€ 11=Mean R, values vs. m, 0-10% Au+Au € 11=Mean R, values vs. m;, 10-20% Au+Au
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PION EMISSION
SOURCE WITH EPOS,

)4




Shape of pion emission source versus \/Syn

« Analysis done before in EPOS3 (see talks by E. Arpasi, L. Kovacs, D. Kincses, M. Csanad)

« EPOS4 includes different hadronization

« First preliminary results out:
from 7.7 to 200 GeV

« Slight dependence on Ky
« To check: fits from event-averaged data

« Collision energy dependence interesting

118

QL 116

10?
s, (GeV)

a

2

-9.2GeV

2|7+ 19.6GeV

—¥-200GeV
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Elliptic flow of deuterons In
heavy-ion collisions

Tomas Poledniceka, Boris Tomasika:b
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aFaculty of Nuclear Sciences and Physical Engineering, Czech Technical University in Prague, Czech Republic ' . ‘ I b MATEJ BEI—
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Key Insights and Results

e Hybrid model: 0.30
e Trento3D - VHLLE - SMASH 0.25 -
e |nitial conditions = QGP evolution — Hadronic 050 -
phase -
e Tuning of parameters (Trento3D, VHLLE) .
» Spectra in p, . .
* V»(p,) increases with p, * 5153":2‘?: :::j 0.00
» Agreement observed v,(p,) for kaons, pions, and 0.20 | - om0 | + -
protons i e e
* Centrality effects are captured well by the model 0.15 ) 0.20
*Prediction of direct deuterons production o > 015
* Intermediate p, discrepancies noted for deuterons %% 10
* First results for coalescence e
* Conclusion and outlook: e 48— —— , . . :
* The hybrid model demonstrates overall good 000 % P +Pb Vo) =276 Tev 025% ] 2L 3 3 I
agreement VZ(pt) with data, especially for kaons, 100 125 150 1'72465&?]0 225 250 275 3.00 0.20 - : o 030 PP 4y Lot
protons, and pions 0.15 -
e Outlook: 0.10 -
« We aim to incorporate explicit coalescence 0.05 - -
models into the hybrid framework to compare VY 122 >4 PO+ Pb Y =270 Tev
predictions for deuterons 00 05 o 15 20 25 30

pt [GeV]



Thermodynamic relations for perfect spin

hydrodynamics

Mykhailo Hontarenko

Institute of Theoretical Physics, Jagiellonian University, PL-30-348 Krakéw,
Poland

02-06.12.2024, 24th Zimanyi School, Budapest

based on: W. Florkowski + MH, arXiv:2405.03263 and
Z. Drogosz + WF + MH, Phys.Rev.D 110 (2024) 9, 096018
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The problem to be solved

The usual Israel-Stewart approach with spin uses

a phenomenological form of scalar thermodynamic relations
multiplied by v/, where wag = Q,5/T is the spin polarization
tensor, thus, from

1
e+ P= TJ—|—,un—|—§Qa55aﬁ (1)
we obtain
St — pgah NH w1 JreTes
eq — B —=£ eq + B Teq - Ewaﬁseq ) (2)
1
dSk, = —& dNL, + By d T — Ewagdsgfﬁ, (3)
1
d(PA") = Nig dS — T dfy + 5 " dwag. (4)

where the spin tensor is S = u*S*”_ Two problems exists:
1) S usually has additional terms. 2) If w,,, ~ S* ~ O(8Y),
the spin tensor in (1) should be neglected.

. Hontarenko (IFT UJ) 02-06.12.2024, Budapest



Our solution

Kinetic theory + proper counting scheme leads to:

SE = N — ENE 4 BA T — lwagSEP NF = coth(&) NE # PBH,
eq eq eq 2%aB9eq e

q
dSt = —EdNE + BAd T — twasdShse?, (5)
dN* = Nk dé — TR dB + 1540 dwag, (6)
NE, = nut + n.tt, (7)

T =cutu” — PAM + Pk kY + Pywhw” + Py (tHu” + tVut). (8)
And spin current tensor includes an ortogonal parts to u?.

S = US4 smth™. (9)

M. Hontarenko (IFT UJ) 02-06.12.2024, Budapest



Boost-invariant spin hydrodynamics with spin feedback effects
Zbigniew Drogosz, Wojciech Florkowski, Natalia tygan, Radoslaw Ryblewski

arXiv:2411.06154
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Our approach to spin hydrodynamics

@ motivation: spin polarization measurements in RHIC

@ perfect spin hydrodynamics conserves the spin part of the total angular momentum,
@ spin-orbit interaction is dissipative (not included here),
© two-fold expansion: in the magnitude of w,,,, and gradients,

@ my talk: perfect spin hydrodynamics for Bjorken expansion with second-order corrections 1,

@ boost-invariant and transversely homogeneous system with polarization tensor decomposed to

Wpy = k# U, — k, U# + tuv, t;ux = €uvap anﬁv (1)

KM = CoX" + Ciy Y* + CaZ", W' = CoxXP + Coy Y* + CuzZ", t" = VX" + V,Y* + V,Z",

(2)
@ calculations with respect to conservation laws
OuN*(x) =0, 9, T" =0, S =0, (3)
@ result: overdetermined system = additional symmetry = mathematically allowed solutions
@ longitudinal configuration
G = (0: 0, Ckz): C, = (0: 0, sz), (4)
@ transverse configuration
Ci = (Cixs Ciy, 0) Co = AC. (5)

LExtension of work - W. Florkowski, A. Kumar, R. Ryblewski, R. Singh, Spin polarization evolution in a boost invariant hydrodynamical
background, Phys. Rev. C 99, 044910 (2019), arXiv:1901.09655.

Boost-invariant spin hydrodynamics with spin feedback effects December 5, 2024 2/3



Numerical results

© Longitudinal configuration @ Transverse configuration

c=c’, =025 Co=Cp =C=0C), =025

T(GeV]

Cizr Cuz
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Event-activity-dependent beauty-baryo

@ @
n n enhancement in simulations with color junctions
V e | l f— aC lv 1 y_ e p e e Lea Virdg Foldvarit2, Zoltan Varga® and Rdébert Vértesit

foldvari.lea.virag@wigner.hu arXiv:2408.16447 [hep-ph]

1. Heavy-flavor production

« Total cross section of the process calculated by the *|nl<1, ly|<1, pr > 0.15 GeV/c
factorization theoren

* PYTHIA models:
* CR models allow color st
r * Parton distribution functions (PDFs)
« Partonic hard scattering cross section / .
+ Fragmentation function "

+ The fragmentation function is traditionally assumed to
be universal among different collisional systems ;
«Itis often computed from e'e* collisions + Charm: best described by CR-BLC mode 2

« However the A%/B* and A*: /D° yield ratios: * Beauty: best described by CR-QCD
* Do not show enhancement in e'e* collisions
* Show a multiplicity dependent enhancement in mid- « Event multiplicity: Neu
pr regime in pp collisions umber of final state charged hadrons

enhancement in
simulations with color
junctions

rag Foldvari, Robert Vértesi and Zoltan Varga

« Transverse event activity: Rr e pherocity: So .

« Represents the under! € he event is jetty or isotropic « Measures if the event is “hedgehog-like” or
* Near-side jet-cone activity: Rue . « Trigger hadron is not l(?quue_d_ jetty

* Represents the activity within the jet * Concentrates on the midrapidity - Trigger hadron is not required
= Trigger hadron (pr> 5 Gev/c) is required « Measures the full rapidity range (|| < 4)

4. Results

Transverse spherocity

foldvari.lea.virag@wigner.hu

The enhancement is stronger when the
flattenicity is lower.

Summary

«The universality of the fragmentation function is violated
*The beauty is best described by CR-QCD, the charm is best described by CR-BLC mode 2

*CR models: heavy flavor (HF) baryon enhancement comes from the underlying event, not
* the jet REN
- —_— —] «Flattenicity is strongly related to multiparton interactions and free from biases caused by
mid-rapidity jet production g _
N m m *Using these methods on Run-3 data can reveal further information B E i
I

on the source of the HF-baryon enhancement and help test the validity of different models

This work has been supported by the Hungarian NKFIH OTKA FK131979 and K135515, 2021-4.1.2-NEMZ KI-2022-00034.

This work has been supported by the Hungarian NKFIH OTKA FK131979 and K135515, 2021-4.1.2-NEMZ_KI-2022-00034.
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Event activity classifiers

Jet #1

* Transverse event activity: Rt Niane Direction
* Represents the underlying event (UE) Ry = (Norans)
* Near-side jet-cone activity: Rnc
* Represents the activity within the jet
* Trigger hadron (pr > 5 GeV/c) is required (Neone)

* Transverse spherocity: S .
. Mgasures if the event is jetty or isotropic i Pl s \ \V s
* Trigger hadron is not required S0 =7 LipT, X
* Concentrates on the midrapidity '/'\\\‘
'
\
o PYTHIA 8.303 (Monash 2013), pp Vs = 13 TeV, N, =1, N4,=235, p=1.56
* Measures if the event is “hedgehog-like” or jetty T s ) éﬂyﬂ?
* Trigger hadron is not required = (peella ’ s

* Measures the full rapidity range n| < 4

Zimanyi School, December 5. 2024, Budapest, Hungary 1



RT and RN(];
* Activity of the jet 1 * Isotropy 1
* Enhancement does not change * Fnhancement 1
* Activity of the UE 1 > Heavy flavor baryon enhancement
* Enhancement 1 comes from the UE
25f  PYTHIAS pp (5=13 TeV 25F  PYTHIAS pp (5=13 TeV 25F  PYTHIAS pp (s=13 Tey 250 PYTHIAS pp 5=13 TeV
: —— Al triggered, Ay/B’ C —— Al triggered, A/B’ : —— Minimum bias, AY/B* : —— N 251, A)/B’
5 I ALD 5 I ALD 5 [ s ALD° 5 [ s A.D°
N 2f —R;<05 N 2f  ——Ry<05 n 2r —po01 o %  ——p0l N 251
v [ ——R;051 o [ ——Ry051 Y [ ——pll5 o —— p1-15N">51
< 18 - < 1s5f Rye 1-1.5 < 15 2 < o
o 1 oI ¢ @ 13 o
< oqf < og M < ost <
002 4" 6 81012 14 16 16 20 22 24 O 546 4 161514 16 16 90 23 34 00246 8 101214 16 1620 22 24 00246 8 101214 16 1620 22 24
p. (GeVic) p. (GeVic) p. (GeVic) p. (GeVic)
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Recent results of J/w production in A+A

Inclusive J/y R, , w(2S) over J/y Double Ratio

1.21 S 18 40-80% 20-40% 0-20% 0-80%
[ = This analysis: Au+Au, 14.6, 17.3, 19.6, 27 GeV _£ 1 6' ®  STARZr+Zr & Ru+Ru, ly| < 1.0, 200 GeV ™ p+Ag27Gev |
i 0-5% > 1.6 - -
1™ o AusAu, 54.4 Gev e B ALICE Pb+Pb, 25 <y < 4,5.02 TeV & ewemney |
r = 14f | psW 39 GeV —|
[ & IS0, 59,655,200 650 0 10% 2 L ¢ NA50 Pb+Pb,0<y<1,17.3 GeV L. |
0.8 ¢ Pb+Pb, 17.3, 2760, 5020 GeV R 19l [ A dvhu200Gev |
s | R i )

a4 06 L 0-20% = 1

. S -]

Credit: Q.Yang (STAR) 2 i < 0 T+ 1
ik - " —Total (0-20%) 5 0.8 = _
O 4r - -Primordial ’—\5 r = -
I O____4o -~ Regeneration o 0.6 + [— —
027, 0.74T, 11T, 2.3T, 0.2k aac e oSS 2 + L ]
i 3 5 i ' o = o04f - .
£ (GeV/fm? g ' i STAR preliminary 2 | + + i )
GV Xy X s : o 021 STAR Preliminary + - -
Y3S)  y(2s) 10° 2 - 1

<

2
¥(s) 1% 5o (GeV) I
A 10 10
D Nparl

o & 4 No significant energy dependence First observation of charmonium
in central collisions within sequential suppression in
Vs, = 14.6 — 200 GeV heavy-ion collisions at STAR

i

Outlook: -
The high luminosity p+p and Au+Au data at 200 GeV from 2023-2025
will enable more precise measurements of @(2S) production




Recent results of J/w production in p+p

J/w Production vs Multiplicity in p+p J/w Production in Jets in p+p

/\2 _|‘|||||||\|‘|||IIII TT T T T T T T '_ 0-025_[Illlllll]llll[lllllYYYY]IIIYIIIII]YYYY_
Z [ STARPreliminaryt ] - p+p, 15 =500 GeV, L, =22.1 pb”
=R b o il ] <:I Sign of splitting between results G 0.0z Charged jets, antirk,, R=04, [n*|<0.6
r T 7] H > B Jhy
[+ pp13TeVp 48 Gevict ] at RHIC and LHC energies S [ p>10Gevie,p¥>5Gevie
sl ® P*P7TeVp >0Gevict b > g C 1
- . = [A_0.015 —* STAR Data —
i ] Sl T B ]
i [*] 5|5 [ [l Pythiag: inclusive Jiy
=0 - 215 i
§ ] 5 001 —
: s P ] 2|2 "t Gou!
i 0 ] The results show discrepancy E 0 &H}&-EE-
i - S bty ith | T Z 0.005- .
r - This Analysis Wl mOde pred |Ct|0nS ' ——
r B %o~ #Uses TOFmult for Ny, T |:> - STAR Preliminary
0;4,*5 ’ *Min 1 Cent Trk/Evt 7 L |
. | 1111 ‘ 1111 | 1111 ‘ 11 1 1 | 1111 | ! I T | | 1= P m T YT s v (111111 L m i‘ ‘\:‘ Il ]
I T S S S S N 840506 07 08 08 1 14 12
(dN_ /dn)/<dN_/dn> z (pi’“’/pl:‘)

Outlook:
Studies of J/y polarization in jets in p+p collisions are ongoing
and shall provide deeper insights into the J/w production mechanism
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Introduction

J Motivation:

= Studying charm meson production allows for comparisons " Modifications of the charm meson production in heavy-

between experimental results and theoretical models (e.g., ion collisions with respect to p+p provide insights into
perturbative QCD, factorization frameworks). QGP. . e —
40-80% (a) 10-40% (b)
1.5F 4k ]
T T T T T T ~ 1 # .4 5 ﬁ;E 3 "
N T T T T T ] < + #f (4 E ’ L i
e | ooy A D°/0565 y T os i ! D° meson nuclear
g |, “/o. - i ial cc ' g 0 S B a— P
E ] ““‘h "."' 20’:‘]'0.524 ] prdlﬁeren tla/ CC prOdUCtlon lé EiSTARQAu+Au—:1an+XS@ 200 thaiCentra2|0-10%I4 - : mOdIﬁcatlon faCtor RAA
i — e ] Cross-sections compared with B LT CE
S 4 FONLL pQCD calculations e O T . 1 [Phys.Rewv. Lett. 113,
¥ ok i FRAha 142301]
s L TE | [Phys. Rev. D 86, 072013] 2 ~— ]
) C T ]
10° o ‘I__' °% 2 2 6 8
0 1 2 3 4 5 6 P; (GeVic)
p; (GeV/c)

The “olenoid 'racker /'t "'HIC (STAR)

B.R.=67.7% n B.R.=3.89%
D** > DY(DO) 7 > KTr*ns

] STAR detector:

Time Projection Chamber (TPC): main tracking detector,
momentum determination, particle identification via ionization
energy loss (dE/dx).

Time Of Flight (TOF): particle identification via velocity (B).

Subhadip Pal, Zimanyi School 2024; Budapest




Results

D*:I: B.R.=67.7%\ DO (ﬁ)ﬂ'i B.R.:3.89%\ K:Fﬂ':l:ﬂ':l: - o
7 s 7 S _ » 03| After Like-sign bg. subtracted | o 1 03[ After Like-sign bg. subtracted |
NU 1 I 1 1 1 1 1 @ u I I I I I 1 Ly
> o RwYIld = 6248 + 2653 1 % RwYId = 5075 + 1360
1 DOsignal extraction: S o Hoan o e S e tDH o eone -
S — Fit p, € [0.0,1.1] (GeV/c) g — Fit p € [1.1,1.6] (GeVrc)
. . . . e ¢ Significance = 4.5 S 4 Significance =5.0 -
= Unlike-sign pions and kaons are paired. g | 1 8
: i :
pr < 1.6 GeV/c pr> 1.6 GeV/c .
Kaons | —2.5<no¥’* <30 ~ 35 wne ™ <30
1/ 1/B -2r 1 1 ] 1 1 ] I —2r ] ] ] ] ] 1 1]
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dE/dx . s &> 500FT T T T ™= T T T T g
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. . . < 200 e
= Histogram was populated with the mass difference: | g 100F l : I
Mgmr. — M e & |
T K ok
"= Wrong-Sign Combination and Side-Band Method were 100l
used to reconstruct background to extract the D* 200k b I
. 014 0145 015 0.155_0.16
signal. Mees - My [GeV/c? 014 0145 oS Qi eevicy
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Thank you for your attention

Measurements of D° and D* production in p+p
collisions at Vs = 510 GeV in STAR experiment

Supported in part by

Subhadip Pal, for the STAR collaboration by U.5. DEPARTMENT OF
Czech Technical University in Prague e ENERGY
Introduction

‘This poster is centered around an investigation into the production of D° and D* mesons as a function of transverse momentum (pr) in proton-proton (p+p) collisions at a
center-of-mass energy of Vs = 510 GeV conducted within the STAR experiment at the Relativistic Heavy Ton Collider (RHIC). The results of this analysis will serve to
consirain the chanm anticharm production mechanisms in pp collisions. We present the ongoing signal extractions of the DY and D¥ mesons from the minimum bias
events recorded during the p+p collisions at Vs = 510 GeV at STAR in 2017

DO Signal Extraction

O Studying charm meson production allows for comparisons between El thkmgnpms and kaons were paired [Kr*, K]

experimental results and theoretical models (e.g., perturbative QCD, stimation methods were deployed for D? signal

factorization frameworks). extraction : .

& of the charm duction in heavy-ion collisions with » like-sign pairs [Kr K*n"]
respect to p-p provide insigh QGP. + track-rotation method [pion tracks are paired with kaon tracks with reversed
i p o 3-momentum (180° rotation)]
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O The STAR detector is excellent in tracking and identifying charged i 1 function

particles at mid-rapidity (fn] < 1), while providing complete azimthal

O Raw Yield is extracted

coverage
DO The majority of the subsystems are sinsated within a solenoidal magnetic f SRR S I from the area under the
field of 05 . o7 Y ted Guusian. |
r——— O Vertex Position Detector (VPD) to
The solomold Trackar A4 FHIC (STAR) e eector (VPD) ¢ ignal Extraction
removing pileup vertices. O Histogram was populated with the mass differeace M, - My
O Time Projection Chamber (TPC): || O Wrong-sign combination and side-band method were used to reconstruct
‘main tracking de 3 extract the D* signal
determination, particle O Intervals of the triplet prused here are: 2-3, 3-4.2, 4.2-6 GeVic
identification via jonization energy [ s

loss (dE/dz)
Time Of Flight (TOF): particle
identification via velocity (8).

Analysis Method )

O About 1.11 billion minimum bias p+p events at Vs = 510 GeV recorded in.
2017 are used in this analysis.
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O Hadronic decay channels are used to reconstruct Dand D* B
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O In the wrong-sign c:‘mbmmmﬁm soff pion (,) was patred with the DO
daughter pion of the opposite charge. Tn the side-band method, the Myyy had
been lying between two side-bands: 1.64 - 1.74 GeV/c? and 2.01 - 2.11
GeVic?, ie. outside the D mass window,

Summary and Outlook
O Dand D* signals were extracted up to py of 2.1 GeVic and 6.0 GeVie,
respectively using Minimum Bias p+p data at 510 GeV.
O Analyses were performed with two independent background estimation methods.

Vymer

D" danghter s0n and Pion PID Cuss

s’ || O Efficiency and systematic uncertainties to be determined next for cross-section
For Soft Pion (r,) identification, TOF pion cut was loosened for p < 1.6 GeV/c calculation.
to select more low momentum tracks. )| O Barrel High Tower triggered data is also being analyzed currently for raw yield
its at higher pr
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PREDICTIONS AND SIMULATION

- The aim is to study production mechanism of Upsilon
- The bound state is formed through color-singlet or color-octet

channel
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Figure 1: Upsilon-Pion
azimuthal correlation using
PYTHIA Generator.

Taken from: 0. Mezhenska, SQM 2024.
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Figure 2: The correlation
function C(Ay) in p+p collision
at /s = 500 GeV.

Taken from: E. Basso et al,, PoS, EPS-HEP2015, 191 (2016).




REAL DATA

[ Upsilon + Hadron A¢ - correlation |
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Figure 3: Upsilon-Hadron azimuthal correlation measured by STAR.

Taken from: M. C. Cervantes, ). Phys.: Conf. Ser. 316 012023 (2011).
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Drell-Yan measurements at low invariant masses with the upgraded ALICE detector

Drell-Yan process o ® @)

¥ aiice

— The Drell-Yan (DY) process is the production of a lepton pair from an electroweak

interaction of a quark-antiquark pair :

— Measuring the DY process at LHC energies is particularly important to characterize
thermodynamic and transport properties of the hot and dense medium created in ultra-relativistic
heavy-ion collisions

— Measurements provide stringent tests for the theory of perturbative Quantum
Chromodynamics (pQCD) as well as significant constraints on the evaluation of parton
distribution functions (PDFs)

Sahil Upadhyaya 24th Zimanyi School Winter Workshop on Heavy-ion Physics, Budapest, Hungary — December 2-6, 2024



Drell-Yan measurements at low invariant masses with the upgraded ALICE detector

Drell-Yan measurements with upgraded ALICE efe @

¥ alice
MID

ALICE Run 3 setup

Front absorber

— Drell-Yan with ALICE Run 3 setup — u+u— detection and tracking in forward direction
(3.6 <n <-2.5) using the ALICE muon spectrometer

— Goal: To measure low-mass DY lepton pairs (M, down to 4 GeV/c?) to constrain nuclear
PDFs at small 0% and x (down to 10°) where there is lack of data

— ~10% — expected Drell-Yan statistics at forward rapidity in pp with the proposed luminosity
(L) ~ 200/pb (Pythia and NLO calculations for lepton p..~ 3 GeV/c)

Sahil Upadhyaya 24th Zimanyi School Winter Workshop on Heavy-ion Physics, Budapest, Hungary — December 2-6, 2024



Drell-Yan measurements at low invariant masses with the upgraded ALICE detector

Prospect o ® @)

N A

¥ qice
— At small-x, the ratio of the nuclear modification factors of DY and J/y in p-Pb collisions (Rpr) can

provide important constraints on gluon densities
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Modern Cosmology:.
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StePS rotating simulation
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Pal Balazs

Measuring the expansion of the Universe SEE
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THE BERGEN PCT COLLAB:

« Aims to build a proton CT based on the high ener
particle detectors used in the CERN ALICE Collaboration
(technology transfer)

+ The detector system is based on the ALPIDE chip
(Monolithic Active Pixel Sensor)

+ Steps of the imaging
Imadiate patient (~100 MeV protons) - detector senses

the signals — process signals - reconstruct the image

The Bergen proton CT

ATIAL RESOLUTION

ZsofiaJolesz”, Gabor Bird', Gabor Papp?, G

IMAGE RECONSTRUCTION WITH PROTON

COMPUTED TOMOGRAPHY

pely Gabor Bamafoldi

THUN-REN Wigner Research Centre for Physics, 29-33 Konkoly-Thege Miklos t, 1121, Budapest
* Estuis Lorand University, Pazmany Péter Setany 1/A, H-1117 Budapest

INTRODUCTION

-+ Proton therapy has outstanding results in cancer therapy due to the protons’ nature: they have a very localized dose deposit
- Before suery radictherapy. there = o near for Imaging - ths s carred out by X
made from Hounsfield units to proton Relative Stopping Power (RSP) - this results in some errors

+ Use the same particle for imaging we use for the treatment -» proton CT

ORATION

The ALPIDE chip

GOALS AND DEVELOPMENTS

+ Hadron therapy is one of the most effective treatments for
cancer: less damage in healthy tissues, more dosage in the

+ Imaging is a crucial part -» but photon CT (used currently in
the clinical practice) has its limitations - let's use proton CT
- but protons do Coulomb scattering - calculating RSP at
voxel level and handling proton trajectories are crucial tasks

+ Goals: testing, impproving and omptimizing a framework
which uses the Richardson-Lucy algorithm for imaging

+ Generating data with Monte Carlo simulations (Geantd &
GATE) -» very time consuming » parallelization

+ Comparing 3 different setups: ideal, silicon pixel and silicon
strip detector

« Most Likely Path calculation of the protons - using cubic
spline approximation

* Grouping data in batches - check MSE between iterations -
if < threshold — process data in the next batch

ray CT most of the time - it gives information about the absorption of photons - a conversion is needed to

THE RICHARDSON-LUCY ALGORITHM
+ Statistical iterative algorithm

* Models the problem as a linear equation system

Matrix containing the interaction
coefficients between protons and
pixels/voxels

tevelgee! besss » Using Derenzo pi

' Transfer Function:

+ Average MTFy, for the different setups:

> 0.94 Ip/cm (strip)

0] (i) [

s ' different sized aluminium rods)
1 1111l Evaluating spatial resolution with Modulation

their point spread function -» get MTF with 2D
Fourier transformation

[re=—r— > 1.43Ip/cm (ideal)
> 117 Ip/cm (pixel)

hantom (epoxy cylinder with

average individual rods ~ get|

.A"

- The RSP values of the different
. reconstructions and the ground truth « The biggst relative difference betuieen the round
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+Reached a

We have developed a framework that uses the Richardson-Lucy algorithm for
imaging with protons — has never been used for this purpose before

significant improvement in the runtime (days - minutes)

+There s still room for improvement in the spatial and the RSP reconstruction,
however promising results have been achieved

24™ ZIMANYI

SCHOOL
BUDAPEST, HUNGARY|

DECEMBER 2-6, 2024.

A-x=
- y ~
Vector containing the known Water

Equivalent Path Lengths of the
protons

Vector containing the estimated
roton RSP values

« Very difficult technically: we need to process
~1million proton tracks to get one 20 slice of the
phantom

* C++ code using GPU (CUDA)

« Goal: finding optimization regarding the number of
iterations and protons

Comcodinags,

== Corectons

Qo

*Using CTP404 phantom (epoxy cylinder with 8 rods
of different materials)

+ Comparing the reconstructed RSP values of the 3
setups to the ground truth values

ruth and the reconstructed values was
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Richardson-Lucy algorithm for imaging

e * Protons & heavy ions: o = crouna | | L

. carbonéioﬂs ] Coulomb scattering — o ) Sheon pie

gl \ Bragg peak — localized

£ | dose deposit

o - depth ins?:vater (m#ll)0 160(a] g T il | i

Hadron therapy: 2 | | """" "
outstanding cancer ‘ |
treatment - but thereare  : .| ]
challenges with the ]
imaging L

First time using Richardson-Lucy algorithm for medical
imaging

Optimizing the framework: speed & accuracy

Ground truth

Testing the algorithm on 2 phantoms: spatial resolution &
RSP reconstruction

Promising results (using ~10¢ protons), comparable with
Silicon pixel Silicon strip other used algorithms
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D photoproduction in UPCs

« D% mesons produced in scatterings of quasi-real photons emitted %
by one nucleus with partons from the other colliding nucleus -

Y

- Decay channel:D? — K~ 7t (and charge conj.) = - == - On

y Rapidity gap

> q

New trigger strategy for photoproduction

* New Level-1 triggers that use both ZDC and HCAL/ECAL information to
maximize the statistics of D° photonuclear events
« DO p; dependent trigger use:
= High p; D° — ZDC XOR (exactly one ZDC above the 1n threshold) 5 Pb+X+Xn
+ Jet trigger
= Low p; D° — ZDC OR trigger (at least one ZDC below the 1n threshold)

A
fa

yYyyy

e
COIL

Main offline event selections ‘_

P>

« ZDC selection: XnOn or OnXn o
« Rapidity gap (3 <|n| <5.2) on the side of ,empty” ZDC
- e Beam line
d : 'l ,)

~140m

~ 11 m g
Interaction point

BALAZS CSABA KOVACS (ELTE), 24. ZIMANYI SCHOOL, BUDAPEST 2



Final cross sections

d’o 1

raw

DO

0 0,y — 1
dedy(D pT, D y) )

CMS Preliminary PbPb UPCs 1.38 nb™ (5.36 TeV)

IIIINII]I|IIIIIIIII|[IITIIIII|I

- 0nXn UPC collisions (N +y)
D’— K" & chg. con;.

—~ 300 [~ zDG 1n XOR + Jet8

| 5<p_<8GeV

0.0 <y <1.0

IIIIIIIII IIIIIIII

- Gomb bkg
- D0—>KK+c C.|
m D —nr+c.c.

0
1.68 1.754 1.828 1.902 1976 2.05

m,.. [GeV]

« Conclusions:

do/dydp_ (mb/GeV)

LB ApTAy €evt €trigger Pprescale (O./ 6DO) €EM,pileup

10°

10

107°

107

CMS Preliminary 1.38 nb™ (5.36 TeV F’be)

ZDC Xn0On + reflected OnXn w/ gap :
Global uncert. + 5.05%

1 = 1 |
I E—— [+ ]
— 1

+2<p <5 GeV
+5<p < 8 GeV
—+—8<p <12 GeV

-2 15 1 05 0 05 1 15 2
D%y

= New constraints on nuclear matter with open charmed hadrons in UPCs in a large region of x and Q?

= Future: improved (x,Q?) reach with lower p; measurements, heavy-flavour jets, correlations

BALAZS CSABA KOVACS (ELTE), 24. ZIMANYI SCHOOL, BUDAPEST 3
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L1 trigger efficiency studies

e 2023 UPC Pb+Pb data

e UPC can induce a wide variety of exclusive final states in

L1 efficiency

lead-lead (Pb+Pb) collisions — dileptons, dijets, and 0.8 n
. . . . ATLAS Preliminary
diphotons, e.g. light-by-light scattering i
0.6 UPG Pb+Pb \s = 5.36 TeV yy— € e* candidates _|
L1_TAU1_TE4_VTE200 OR L1_2TAU1_VTE200 |
e 2023 data ]
0.4 — Fit to 2023 data

e The performance is calculated for the log OR of two
triggers, L1 TAU1 TE4 VTE200 and
L1 2TAU1 VTE200, and is compared with 2018
reference data.

Total uncertainty

0.2

TII‘IIIlIII]IIIIIII|Il

I L I P TR I P B! L
5 10 15 20 25

Offline ES“*°"" + ES“*°"? [GeV]

e The poster discusses the full performance analysis of the
L1 trigger with a systematic uncertainty study



HLT trigger efficiency studies

> tTTd Tl \ I
O L i
?_; e T ------- e N A S - e A comparison between 2023 and 2024 vpix trigger efficiency
5 R I
= + ' 1 e This trigger is essential for measuring photons, i.e.
T0.98 | light-by-light scattering
B

Run 3 after vpix15 was deemed inefficient during the Run 2

0.96_— + Veto for events with more than 30 pixel hits was introduced in
- ATLAS Preliminary

0.94(~ UPC Pb+Pb |5,,-5.36 TeV yy— ee candidates — e Veto for events with more than 60 pixel hits was introduced in
# Nq < 60, 2024 data 1 2024 1in order to increase performance and reduce dependence
¥ N, < 30,2023 data | on rapidity
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CMS luminosity measurement for
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Luminosity introduction Luminosity measurement

e Determines the rate of particle collisions e Using well-known physics process
e Relates the cross section of process to the e U;mg machine parameters = Beam overlap
widths are obtained from vdM scan
observed rate
dN Interaction Y] "
R(t)=——=L(t) -0 region separar:
(t) dt (1) Oprocess Bunhl " Bunch? e
. | 8 A
0_ . — 27“- ' E.’E : Zy i R N ””( N . “head-on” 60 o 60 Separation
. Ny - No - f - Ny peak I Effectivearad < : :
. Scanin X
Why precise luminosity measurement is important? L=N,.N, f.n,/4, - ane ® ®oe
K g= InE_E, x

» Real-time feedback on accelerator performance e Beams are separated in X, Y in discrete steps

and measure the rate

e Various corrections applied

e Detector dependent calibration constant o .
measured then used during physics fills



CMS luminometers

Requirement: linear measured rate-luminosity
response or at least correctability

Pixel Luminosity Telescope
Hadron Forward calorimeters
Fast Beam Condition Monitor

Beam Position Monitors
n=15

=1

r[m]4

CMS

Longitudinal view

- : : : .
PLT& 3 6 9 12
BCM1F

z[m]

Corrections to absolute luminosity

VdM Correction [%)]

e Bunch current normalization
e Non-collision rate
e  Orbit drift
® Length scale calibration
e Beam-beam effects
e Transverse factorizability
e CMS Preliminary PbPb 2015 (5.02 TeV) - CMS Preliminary PbPb 2018 (5.02 TeV)
" | Unweighted average * st.dev.: —0.41 +0.77 - 5 : :
Weighted average t st.dev.: -0.08+0.77 vdM2:  ivdM3 1vdma 1vams
3.0 2.5 B ' :
20 2.0
10 % 15
0.0 fﬂé 1.0
S
1.0 I s os
| E
20 0.0
t  supG Model uncertainty
“ j L unweighted avel:age 0 T sdpG Fit un<.:ertainty &
B 25 weightadmverage o Combined uncertainty
DG DG+C DG2 DG2+C supG supG+C

> o DS >
DR RS o
Model Time [min]




i Source 2015 [%] 2018 [%] Corr 1:
I T T l1 Corrections to absolute luminosity
Bunch population |
Ghost and satellite charge 0.3 0.5 Yes : o
Beam current calibration 0.2 0.2 Yes | ® Bunch current normalization
Noncolliding bunches I e Non-collision rate
Noncollision rate 0.5 0.2 No | o
Beam position monitoring : e Orbit drift
Random orbit drift 0.5 0.1 No | e Length scale calibration
Systematic orbit. dr.ift 0.2 0.2 Yes : e Beam-beam effects
Beam overlap description |
Length scale calibration 0.5 0.5 Yes : e Transverse factorizability
Beam-beam effects 0.2 0.3 Yes |
[Mransverse factorizability % S ¥ 7 _NE |
Result consistency I N
Cross-detector consistency 2.5 0.4 No | 10 CMS Preliminary PbPb 2015 (5.02 TeV) 5 0 CMS Preliminary PbPb 2018 (5.02 TeV)
3Bl | Unweighted average & st.dev.: —0.41£0.77 2 : :
Scan-to-scan variation — 0.5 No | 1| Weighted average 2 stev: 0082077 Lo | el s sk fvams
Statistical uncertainty 0.2 0.1 No | ' ’ §
Integration uncertainty | = 11 _* :
Detector performance | Eo f g Lsp gk
Cross-detector stability 0.7 0.8 No | g 00 g 10 ggé%gg i%
Noncolliding bunches . S ., ’f/lgé// z 2
Noncollision rate 0.1 0.1 Yes : 3 i i s / 5
[Total normalization uncertainty 2.9 1.5 — | 2 T A . st oo
Total integration uncertainty 0.7 0.8 — : 30 ey ' g s =0 " supG fit poniiontc S
[Total uncertainty 3.0 1.7 — | : 40 A i -10
_______________________________________ - DG DG+C DG2 DG2+C  supG supG+C Q?‘,\ob ‘c"b‘\k’b ’19&

Combined 2015+2018: 1.6% precision o Time tmin]




Performance of the nHCal for ePIC experiment
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Elec n Collider and ePIC detector

. 9.5 m long cylindrical barrel detector

. located at Interaction Point 6

. tracking and vertexing, PID, EM and
hadronic calorimetry

. asymmetrical design to accommodate
the difference in energies of opposing
colliding beams

. large coverage in pseudorapidity

Imaging Barrel  Electron Direction

EM Calorimeter' AC-LGAD TOF

Forward Calorimetry

. approved accelerator for BNL

. repurposing a lot of infrastructure
from RHIC o i
. both colliding beams polarised ; HadronDiecion

Tracking

Dual-radiator
RICH

Barrel

. center-of-mass energies in the o\ ot
range from 20 GeV up to 140 GeV

Alexander God3l (CTU in Prague) Zim3nyi School 2024 December 5th, 2024 2/3



Negative Hadronic Calorimeter (nHCal) and Simulations

RECONSTRUCTION EFFICIENCY

. sampling calorimeter in e~ direction

Eof XX x
. tail catcher for ECal in e~ PID
. critical for ePIC — enables precise g Zg
studies at low-z so-
J 4 mm plastic scintillators x 10 gz
plastlc scintillator 20F ‘ ‘ ‘

70 z ¢ 6 Er?ergy[G%e?/]
. improves with higher energies
""" . efficiency > 95% for E > 5 GeV

\_passive (stee) mecium Eﬁﬂi erecelion oresoluion ]
1 4 cm non-magnetic steel x 10 "o
oo
ANGULAR RESOLUTION —» P
— difference of reconstructed and SEE
Monte Carlo angles SR B I W B R R e

Alexander God3l (CTU in Prague) Zimanyi School 2024



Motivation and physics behind the ZDC

o heavy-ion collisions: centrality connected to spectator
neutrons

o ZDC classifies events based on neutron emission Y -

o different neutron emission = different classes of
ultra-peripheral events
UPC: large impact parameter, no hadronic interactions
@ photon-ion and photon-photon collisions

CMS Preliminary 2024 PbPb (5.36 TeV)
T T T T T T

------ ZDC Plus 1n, p: 2.67 GeV, 0: 0.59 GeV.
------ ZDC Minus 1n, p:2.73 GeV, 0: 0.65 GeV
------ ZDC Plus 2n, u:5.36 GeV, o: 0.93 GeV

—— ZDC Minus + Combined Fit

Zero Bias

2000 4000 6000 8000 10000 12000 14000
ZDC Offline Energy Sum (GeV)

Kamilla Csengeri on behalf of the CMS Collaboration An overview of the CMS Zero Degree Calorimeters



@ measures spectator neutrons and photons

o sampling calorimeters 140 m from CMS

o tungsten plates and quartz fibers

o EM and HAD sections: photons and neutral hadrons
o RPD: event plane for flow measurements

ZDC Layout

4 HAD sections - stacked
behind each other

™ Reaction Plane Detector (RPD)

SNUINNT
snidn3

Z % BEAM 5 EM sections - next to each other H
DETECTOR Scintillators B
Toien s = :
H H z
- -
-
. Scan in x

n behalf of the CMS Collaboration An overview of the CMS Zero Degree Calorimeters
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Motivation: )

« Transparent Conductive Oxides (TCOs)  “7
combine two properties: conductivity, and high e

Percentage of Doping (%)

transparency' Fig.1: Draw of R, values of undoped
. _ _ _ and Ag 1-3 Ag/Sn % doped
* In this work, tin oxide SnO2 was doped with "
/'/"-._.:I
silver. g

2

Transmittance (%)

« Using a cheaper method Spray Pyrolysis

—— Undoped SnO2 film
—— 3n02 : Ag 1 % at (Ag/Sn)
— 3n02 : Ag 1.5% at (Ag/Sn)
—— 3n02 : Ag 2 % at (Ag/Sn)
Sn02 : Ag 2.5% at (Ag/Sn)
Sn02 : Ag 3% at (Ag/Sn)

=

B

Technique.

{J T T T T T L]
300 400 500 00 700 800 900
Wavelength (nm)

Fig. 2: Optical transmittance plot of Ag

ZIMANYI1 SCHOOL 2024 1 (0—3 Ag/Sn.%) doped SnO, thin films.



The Most Important Results: -
=
fr Ermemies

1. Redshift of E, from 3.76 eV to 3.07 eV. -
2. The maximum value of the figure of merit is e

Fig. 3: Tauc relation plots gathering

1.427x10% (o/Q) at 2.5% of Ag/Sn doping. the features of all samples.

3. Future studies will make AgTO substitute AZO

@ (0/Q)

for tandem solar cells.

T T T T T T
0% 1% 1.5% 2% 25% 3%
Percentage of Doping (%)

2 Fig. 4: Draw of R, values of undoped

ZIMANYI SCHOOL 2024 and Ag 1-3 Ag/Sn % doped



Quantum entanglement in
high energy collisions (?)

* “The confinement of coloured
quarks inside a hadrons
provides perhaps the most
dramatic example of quantum
entanglement that exists in
nature.” (Tu, Phys. Rev.
Lett.,124,6)

Can we capture the
“entanglementness” of the
initial partonic system?




(a) ep

* Parton — hadron duality : yes

* Collision: sampling

 Observation: distribution of  _ectron
partons

* |f maximally entangled, all
partonic microstates have
equal probability

e What is the distribution?

Maximal entanglement = maximal von Neumann entropy
Principle of maximal entropy = exponential distribution in the initial state
Parton — hadron duality = final state distribution: exponential distribution

Is it s0? Visit my poster and find out!
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-
Motivation: Complex Action Problem

partition function as a path integral

Z = /qu e Sl :/D¢ w(¢]

if weights w[¢] ¢ RT usual MCMC methods relying on importance sampling
not applicable:

complex action problem

in principle, can be bypassed with the help of quantum computers

[quant-ph/1811.03629]



Digitizing gauge groups — U(1)

in the NISQ era the main bottlenecks are the limited
® circuit depths

® number of qubits

the Hilbert space for a gauge e.g. U(1) discretized to Z(N)

theory based on a continuous
gauge group is infinite
dimensional

4

shall be made discrete and
finite via digitization
scheme

Joo(p ER) =€ 5 gn(n € ZT)=e2™m/N

[hep-lat/1906.11213],
[hep-lat/2201.09625]
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DIRAC FERMIONS UNDER IMAGINARY ROTATION Tudor Patuleanu

Outline of the setup

Growing interest in studying strongly-interacting systems under
rotation, usually by lattice simulations = SIGN PROBLEM

Sign problem can be solved by using imaginary rotation {2 — €2;.

m Present work : Free massless fermions with chemical potential p.

Density operator given by :
p=exp{—p(H:—p:Q: Qs J.:)}.

m Thermal expectation values (A> =71 Tr(ﬁfi) with Z = Tr(p).



DIRAC FERMIONS UNDER IMAGINARY ROTATION Tudor Patuleanu

Results

m Studied t.e.v. Agﬁf = (: A :)291 for the femionic condensate WV, the
currents Jy,, J,, Jy and the energy-momentum tensor 7'

m Interesting behavior in systems undergoing imaginary rotation :
FRACTALIZATION far away from the rotation axis. This is defined as a
1/q™ dependence for rational values and 0 for irrational values.

m The chemical potential term breaks fractalization (it is
g-independent).

m Consequence : there is no analytic continuation to real rotation,
outside of the rotation axis.



Anomalous U(1)4 couplings and the Columbia plot

Péter Kovacs, Gy6zé Kovacs

HUN-REN Wigner RCP

Ziméanyi 2024 Falsh Talk session
2-6 Dec 2024

Collaborators: Francesco Giacosa, Gy6z8 Kovacs, Robert D. Pisarski, Fabian Rennecke

Ren isner

P. Kovacs (HUN-REN Wigner RCP, Uni kovacs.peter@wigner.hun-ren.hu 1/2



Columbia plot scenarios

,,,,,,,

Crossover

® Pliysical point

Crossover

.

We tested whether these
different behaviors could be
caused by different U(1)a
terms.

F. Cuteri, O. Philipsen,
A. Sciarra,
(2021) 141

JHEP 11

P. Kovacs (HUN-REN Wigner RCP, Uni

kovacs.peter@wigner.hun-ren.hu

2/2
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