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Collecting the pieces

< @Gluonic cascades in expanding medium.

o Multi- partonic cascades in expanding
medium.

< Transverse momentum broadening in
cascades in expanding medium.

Complexity/ Completeness
towards understanding
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Medium profiles and calculation workflow :
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Early quenching

Late quenching
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Bjorken initial conditions
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) Ds = q singlet spectra
Dg = gluon spectra

K = splitting rate

T = evolution variable

S.SandY.M-T; JHEP 09 (2018) 144.

J-P.B.,,ED., E.ILY.M-T ; JHEP 06 (2014) 075.




Medium profiles and calculation workflow :
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) Ds = g singlet spectra
Dg = gluon spectra

K = splitting rate

T = evolution variable

S.SandY.M-T; JHEP 09 (2018) 144.

J-P.B.,,ED., E.ILY.M-T ; JHEP 06 (2014) 075.
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Scaling behaviour of the spectrum Spnits K il JEF

- S Can we interpret the scalings in different kinematical limits ?
The single gluon emission

spectra are given as : i
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Medium evolved gluon spectra

* The kinematic evolution equation (GAIN + LOSS terms) in terms of gluon spectra : Static, soft gluon spectra (analytical)
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® At low x, we see a 1/(,/x) behaviour of all the profiles >> recovered from the similar gluon splitting at low x.

S. P. Adhya, C. Salgado, M.
Spousta, K. Tywoniuk; JHEP
07 (2020) 150.




[s it possible to re-scale Qaa for different media ?

1 No
. n—1 <C 1 .4
Qaalpr) = /o dzz™" D(z, \/ET) O< | "Optimal scaling"
14 — Static soft, analytical, v =30 GeV Go [GeV®] | static | exponential | Bjorken
:E - "Sof o 1 2 — . _ no scaling 0.2 0.2 0.2
G | "Soft scaling —— Static, 0 =100 GeV :
1 o Static soft, analytical, © =30 GeV | Exponential, wc=45 GeV S‘?ft SlcahI;g 0-; 0.05 162
I — :(atlc soff, 0,=30 Ge_V 1_ Bjorken, o =920 GeV, ‘EO/‘E — 0.03 optl.ma scaling | O. 0.09 .8
ponential soft, w.=7.5 GeV ¢ scaling by (w.) | 0.2 0.1 3.33
|- —— Biorken soft, »,=250 GeV, 1/t = 0.03 @ ATLASR,,
@ ATLASR,,
0.8 e Significant differences in
I values of g/ for different
0'6__ types of medium and
04 kinemgtical ranges point
i to the importance of
0.2 precise modelling of jet
o_ | guenching phenomenon.
10? 10° I |
p [Gev] O | | | | | | | | | | | | |
T 107 10°
e SOft scaling => Scaling for singular spectra in g/ pT [GeV]

¢ [ he Bjorken profile depends on additional choice of (zo/7) : No universal scaling.

e Go0d, but not perfect scaling is achieved by optimisation.
S. P. Adhya, C. Salgado, M. Spousta,

e Scaling for exponential medium ~ average scaling. K. Tywoniuk; JHEP 07 (2020) 150,
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Does the media behave differently for rapidity ? Spousta, K. Tywoniuk
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Does the media behave differently for v2? V. Spousta, K. Tywoniuk
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* The impact of the medium expansion can be largely scaled out by a suitable

choice of " [confirming Adhya et. al., 2020]. . _ LRaa(L™) — Raa(L™)
2= 2 RAA(LG) +RAA(Lout)

* The jet v2 remains sensitive to choice of starting time of Bjorken quenching to. Ziic ot. al; J. P.G 46 (2019) 085101,




Does the media behave differently for v2?

Elliptic flow v2 as a function
of prfor different media
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 Agreement with findings of the sensitivity of vo on to [Carlota et. al., PLB, 2020] which was done in more complex
modelling of the collision geometry, but less complex modelling of the medium induced showering.
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Comparison of momentum broadening probabilities  rmorser k mmonisin

preparation)

Nice scaling of the Bjorken with static !

‘x’ integrated D (x, k, t) integrated spectra = I (k) —> Broadening of jet

105 T f f [ f f f L f f f T %/
. . . . i CHECKS
Single hard (SH) scattering Multiple soft (MS) scattering . :
S g :
.
2 Kk
ef f W d— MS eff 4 Q2 %
PSH (k, L) — 47T SO,Eff P (k, L) = 5 e s,eff Q
k4 seff 0.100 - .
’ X
3 hard kr tall
g: 0.010 - i
9 - — PO+("): static (L = 4 fm)
S 0001 —— PO(): Bjorken (t = 0.45 fm, L = 4 fm) |
Moltere’ - —— PO"): Bjorken (t, = 2 fm, L = 4 fm)
oliere's Y A i
eff A 0.05 0.10 0.50 1 5 10
theory of POHM ke, L) = Z5e {1 = X(e” =2+ (1 - 2) (i (z) ~ log(4z a)) ) } -
multiple s k. x QMoliere
scattering
- Bjorken a0?
. k2 Static of t L . Q2 — gnlL 1o sl
Tr = , 2 20 11 L s = qoL log—
.., nedia Q2 » Q5|7 )log| ¢ expanqlmg 12
media 0 =4oL
« Single particle momentum broadening distribution ( ) reproduce the Gaussian behavior at small-k.L (Static media) JB, YMT. ASO, KT

PRD 104, 054047 (2021).

together with the power-law tail ==> simple analytic expression in Moli ere prescription (effective).
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How does the kr dependent spectra look like ? Fohmorser, K. Tywoniuk i

preparation)

Numerical solution

* \We consider different schemes for the transverse momentum broadening.

: : Ansatz
Gaussian broadening General
Schemes :
only broadening
ll/ledium EVOI‘:d . D(z,7) D(z,7) _ ® k1 independent kernel. This is an approximation. The whole broadening
spectra w/o broadening comes from rescattering.
Momentum PGB (ke + PO+1) (k. + _ ® Non- Gaussianity : Sum of many Gaussians of different widths; arbitrary
broadening term (k, ) (k, 7) , ,
& number of the collisions with the medium.
Medium evolved D%B(z, kp,T) DCB (2, kp, T) DB (. kep, 7)
spectra with broadening | = D(x,7) x P“P(k,7) | = D(x,7) x PO (k, 7) o (Static media) A. v-H , K. K, W. P., M.

R., K.T., PRC 102 (2020) 044910.

DGB (Gaussian broadening) DeGB (effective broadening) DnGB (non- Gaussian broadening)
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How does the kr dependent spectra look like ? Fohmorser, K. Tywoniuk i

preparation)
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How does the kr dependent spectra look like ?

e | et’'s compare with the static spectra in x and kr with the Bjorken media

Moliere Broadening

Static medium-|

AN

Bjorken medium
(early quenching)

We can see the
behavior at
large angle

once we rescale
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ki —-> XEO | X

10
0.100
0.001
107°
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S. P A., K Kutak, W. Placek, M.

<
PRELIMINARY

CHECKS

Rohrmorser, K. Tywoniuk (in
preparation)

Bjorke |
ate quenching)

B . 10
0.100
Y 0.001 \/;DBJ (X, k1)
. 107°

\x Dgy (x, kr)

We expect different (and
more) soft gluons
at large angles among
the medium profiles.
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Angular distributions for different medium profiles  fommoser < mwonivein

preparation)

One can estimate the fraction of the parent gluon (jet) energy that is contained within a cone of size ©.

0.8 v ‘ e Most of the energy is contained in a small cone.
o . .
D 06; * More in cone energy, more is the parton
L i .
5 | collimated.
Q I
Lodf |
SV I | | * Need more checks and analysis !
_ DeGB,statlc(t=4fm) :
0.2+ ___ [eGB,BJ(fp=045fm) -
_ — peGB,BJ(p=2.0fm) |
ooL—
0.0 0.1 0.2 0.3 0.4 0.5
0. [rad]
1 (,_)2
Ein—cone O) = dzD 7L 1— T Ao\
© = [ @b [1-ew (155 )
7 *
(Static media) A. v-H , K. K, W. P. , M. (62) = (k?)/(zE)?

R., K.T., PRC 102 (2020) 044910. I ——
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Take home messages and Scopes ? Fonmorser K. Twoniuk i

preparation)

® [or the Bjorken expansion, the medium evolved spectra as well as

P guenching factors are still sensitive to the onset of quenching through
the ratio (to/L), which spoils the universal scaling features.
§ ® Rapidity dependence of the inclusive jet suppression is not very
< sensitive to the way how the medium expands.
% ® Jet vo is sensitive to the medium expansion with difference in initial
x Py starting time of expansion.

® Exploring the k7 dependent cascades and its role on observables
for an expanding medium.

M ./ Complexity/ Completeness

towards understanding




Effects of nPDF and VLE vl Bt

EPJC 82 (2022) 1

1.0 —

o ATLAS Raa

® \acuum like emissions (VLE) :

"""""""""""""" | aC; [F do [Pr® dk asC; R R Rin
| | Phase Space for VLE : in = 2 / / ——= = In (R . ) In p’ll;2
----------------------------------------------- Rumin L ,min min L ,min

Rmin = max[0c,04] and ki min = max[Qs(L), Qo]

Static, vacuum 1, §, = 0.13 GeV®

Collimator function :  Q;(pr, R) = ' (pr) exp [Hin (ng) (pr) — 1)]

02 -------- Static, vacuum 2, §, = 0.25 GeV® -
e Static, nPDF, §, = 0.28 GeV* | .
Staic, PPDF+VLE, d = 0.2 GeV® - ® Effect of VLE : Increase of the quenching.
> ® pr [Ge\ic])o . o Configurations:
1'2-'. """ S | : ' 'e' . Io; """" _ . . Vacuum 1 = Input parton
M Mt ; e Effect of NPDF : Flattening at high pr. coctra,
i ' ] PYTHIA8.185+AU2+CT10 PDF.
l : Vacuum 2 = PYTHIA 8.306
10 o ® (default).
I 0 . . .
“ Quenching : : Bjorken nPDF = PYTHIA 8.306 (default),
L o ¢ - parameter (§) Static (soft) | Static | Bxpo | 4, = 0.1 fm EPSO9LO nPDF.
5: : © o Go (nPDF+VLE) [GeV?3] | 0.15 0.2 0.08 1.8 nPDF + VLE = PYTHIA 8.306
z: osl o : do (gluon-only) [GeV3] | 0.20 0.2 0.09 2.6 (default), VLE.
3" _
. o
o S ° | Comparison of “nPDF” and “nPDF+VLE” configuration implies that adding VLE to
e s, npF ; the calculation has an important impact on both the shape of Raa and its overall
i s N A normalization which has an impact on the extracted values of q.




ATLAS measurements
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