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Ultracentral flow
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Trajectum

— vf2}
— vef4}
va{2}
vaf2}
— vs{2}

0.10r Trajectum

m New heavy ion code developed in PRELIMINARY,

Utrecht/MIT/CERN.

m Contains initial stage, hydrodynamics and*
freeze-out, as well as an analysis suite.

0.04]

0.02

m Easy to use, example parameter files
. . . 00 5
distributed alongside the source code. % 20 a0 £y %

centrality [%]

m Fast, fully parallelized.
m Figure (20k oversampled PbPb events at
2.76 TeV) computes on a laptop in 21h.
m Bayesian analysis requires O(1000) similar
calculations to this one.

m Publicly available at sites.google.com/
view/govertnijs/trajectum/.
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Ultracentral flow
0e00

The ultracentral puzzle

0.04
m It is difficult to simultaneously POPb, V.snn =5.02 TeV
describe v, and v; in the 0-1% 0.03
centrality bin. 5 | ,
L ol (117 S ——— ' :
m Caveat: newer fits give worse 3
agreement. 0.01 R —
.. Trajectum
[ Descnptl?n gets much better ool —v@ @ @)
When.flttlng to opr/{pT), o 12
ensuring the right amount of S = I
fluctuations in the initial state. 2 (1)(97 ==
g 0.
m Weighted runs allow us to make 08 : 5 3 i p

predictions down to 0.001%
centrality.
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Ultracentral flow
0e00

The ultracentral puzzle

0.04

m It is difficult to simultaneously
describe v and v3 in the 0-1% 0.03
centrality bin.

PbPb, v snn =5.02 TeV

o 0.02
m Caveat: newer fits give worse

agreement.

Vatkleh

L e ——————

m Description gets much better

o 0.00F — %2 a2} —vaf2} Trajectum
when fitting to dp1/{pT), L L
ensuring the right amount of g 10
fluctuations in the initial state. g g'z

m Weighted runs allow us to make 0.7 . 7 3 7 .

predictions down to 0.001%
centrality.
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Ultracentral flow
0e00

The ultracentral puzzle

m It is difficult to simultaneously
describe v» and v3 in the 0-1% 0.04

centrality bin. '
m Caveat: newer fits give worse 0.03; — Trajectum
~ « ALICE
agreement. % 0.02}
m Description gets much better 5y

when fitting to dpr/(p7), 0.01F
ensuring the right amount of 0.00 . . . . .
fluctuations in the initial state. 0 10 20 30 40 50 60

i centrality [%]
m Weighted runs allow us to make

predictions down to 0.001%
centrality.
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Ultracentral flow
0e00

The ultracentral puzzle

m It is difficult to simultaneously
describe v» and v3 in the 0-1%
centrality bin.

m Caveat: newer fits give worse
agreement.

m Description gets much better
when fitting to dpt/{pT1),
ensuring the right amount of
fluctuations in the initial state.

m Weighted runs allow us to make
predictions down to 0.001%
centrality.

[GN, van der Schee, 2110.131
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0.04
PbPb, Vsny =5.02 TeV
0.03 centrality: || < 2%}
g: 0.02 B SR SRR T T S S -_“’:r F
= E= o e EE T o o e e e e
0.01 S aal
Trajectum —V2{2} —v3{2} —v4{2}
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Ultracentral flow
[e]e] le]

A comparison to CMS data

oo 004 ¢ nee e e
& f—=— Trajectum 1 Pb-Pb 276Tev 7
m No v,{k} measurements by F0035[—— oz 03Gev op, <3OG:v E
ALICE more central than 0-1% 003 oMs bai>2 24 *
exist yet. 0025 ~—
m Comparing to available CMS 00zE =g
data reveals discrepancies. 0015E ' E
e —————1F
m Works use the same 0.005E i
parameters, so why such of ‘ . | E

. - 2 )
different agreement? 10 10 1 Cehrality (%)
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Ultracentral flow
[eJe]e] ]

Dependence on kinematic cuts

m Parameters used were fitted to ALICE
using boost invariant hydro.

m Cuts for ALICE and CMS are different:

[ ALICE CMS

pr[GeV] | 02-3 03-3
| | 05-08 1-24

m Boost invariant model cannot
capture the difference in 7 cut.

m Previous 341D Bayesian analysis by
the Duke group gets v»(n) right for
higher centrality, but not for central
collisions.

m Maybe an updated 341D analysis can

resolve the issue?
[GN, van der Schee, 2110.131 e, Moreland, Bernhard, Bass, 1610.08490]

—0-1% —0-5% —5-10%

0.5 1.0 1.5 2.0 2.5 3.(
pr[GeV/cl
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Ultracentral flow
[eJe]e] ]

Dependence on kinematic cuts

m Parameters used were fitted to ALICE
using boost invariant hydro.

m Cuts for ALICE and CMS are different:

0-5%
0.035

‘ ALICE CMS 0.030f— Traject'um (2+1D)

pr[GeV] | 0.2-3  0.3-3 0.025 ﬁ.%
9] 0508 124 8 0.020 &&&4 %{1{4
> 0.015 '{1{1{,
IAcceptance

0.010
m Boost invariant model cannot 0.005; "ALICE « ALICE
capture the difference in 7 cut. 0.000 2 5 5 :
m Previous 341D Bayesian analysis by 0
the Duke group gets v»(n) right for
higher centrality, but not for central

collisions.

m Maybe an updated 3+1D analysis can U [Tt

resolve the issue?
[GN, van der Schee, 2110.13153; Ke, Moreland, Bernhard, Bass, 1610.08490]
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Ultracentral flow
[eJe]e] ]

Dependence on kinematic cuts

m Parameters used were fitted to ALICE
using boost invariant hydro.

m Cuts for ALICE and CMS are different:

[ ALICE CMS

pr[GeV] | 02-3 03-3
| | 05-08 1-24

m Boost invariant model cannot
capture the difference in 7 cut.

m Previous 341D Bayesian analysis by
the Duke group gets v»(n) right for
higher centrality, but not for central
collisions.

m Maybe an updated 341D analysis can

resolve the issue?
[GN, van der Schee, 2110.131 Ke, Moreland, Bernhard, Bass, 1610.08490]

vn{2}

vn{2}

fa)
S

0.08

4+ ALICE v2{2}
4 ALICE v{2}
§ ALICE v {4}

5-10%
= rel-skew v2{2}
s rel-skew v3{2}
== rel-skew v2{4}

10-20%
s abs-skew v2{2}
“s: abs-skew v3{2}
bs-skew v, {4}

0.08

S 0.04

70-80%
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Updated 3D TRENTo
@000

The original 3D TRENTo

m Wounded nuclei contribute to
thickness functions Ty /5:

Tase = Z yexp (—|x — x;|>/20?) ,

wounded

with v drawn from a Gamma
distribution with mean 1 and
standard deviation oy,.:.

m 7, and 7z are combined to form:

1

p=Sho log(7a/Ts),
_ Ta-Ts

T T

[Ke, Moreland, Bernhard, Bass, 1610.08490]
Rapidity-dependent fluctuations in the TRENTo initial state model

y [fm]

y [fm]

m The entropy density becomes:

T2+ TEN\Y? d
s(ns) = (%) g, UOvV;ﬂs)d*{f

with g(u, 00, 7;ms) a distribution with
mean u, standard deviation o and
skewness v, and

dy _ Jcoshn
dn  \/1+ 22sinh2n
Pb+Pb Pb+Pb
¥ =
""i
p+Pb p+Pb
. - M e
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Updated 3D TRENTo
0e00

Modified skewness of longitudinal distribution

m g is given by an inverse Fourier 12 : r=t
transform: 10p — Unregulated
0.8t Regulated
: —1(x : — Log- [
g(p, o vins) = F(&(n, 0,7: k), o 06/ tegmmorma
1 1 0.4F
logg = ink — =0%k* — Ziok®. o2
2 6 0.0 /
) \Y
m Moments are correct, but g is negative 0255 -5 0 5 10
for large enough ~ s
m Regulating v — fyexp( a?k?)

alleviates this problem, but modifies glog-normal(lhaf}’; 775)

the moments. 1 lo _ )2
m A log-normal distribution is positive = \/——N exp <_(gg+2ﬂ)> .
for any ~. 2mGns g

R
Wi s

[Ke, Moreland, Bernhard, Bass, 1610.08490] 7

Rapidity-dependent fluctuations in the TRENTo initial state model Govert Nijs



Updated 3D TRENTo
0e00

Modified skewness of longitudinal distribution

m g is given by an inverse Fourier
transform:

g(p,0,7:ins) = FHE(, 0,7: k),

1 1
log g = ipk — §o2k2 — Ziyodk®.

6

m Moments are correct, but g is negative
for large enough ~
m Regulating v — 'yexp(—%a2k2)
alleviates this problem, but modifies
the moments.
m A log-normal distribution is positive
for any 7.

[Ke, Moreland, Bernhard, Bass, 1610.08490]

—0.02f— Unregulated
Regulated

~0.05f— Log-normal

Yout
o
N

0.0 0.2 0.4

S
i e

Technology

R ependent fluctuations in the TRENTo state model



Updated 3D TRENTo
[e]e] le)]

Rapidity dependent fluctuations

m Recall:

Tag= Y vexp (=[x —xi/20%),

wounded

with v drawn from a Gamma
distribution.

m We replace v by v(ns):

m For any 7, follows a Gamma
distribution with mean 1 and
standard deviation oc:.

m The Pearson correlation coefficient
between (n%') and ~v(n?) equals
exp(—[né' = 0| /1jconr).-

Rapidity-dependent fluctuations in the TRENTo initial state model

m p and v are computed from

1 -~
B = SHo log(7a/7g),

7'A—7'B

TR T
with

~ 2 2
774/3 frg /e_ns/zn()n/B(ns) dns

R
Wi s

8
Govert Nijs



Updated 3D TRENTo
oooe

Initial state profiles

x [fm] 5 x [fm] 5_\
pZd 0o |
| 20-30% central

0-10% central

m We show initial state profiles
with the following parameters:

/o 0
oo 4
7w 0

with 7)., either oo, 4 or 0. }
| 60-70% central

m Fluctuations can be seen to be
more correlated as a function of
7)s in the 7)., = 4 case.

m This is also reflected in the ‘
initial state eccentricity e, for S ‘

/ _ mmm Massachusetts
| 2 < Ill I e o
0 | / 0 Technology
s 2 )

different 7s. o
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Updated 3D TRENTo

oooe

Initial state profiles

x[fm] 5 1

0-10% central ] 20-30% central

m We show initial state profiles
with the following parameters:

(o 0
oo 4 5 “ 5 |
0 0 A >~ A 3 \‘
. . x[fm] 5 1
with 7)., either co, 4 or 0. 2

m Fluctuations can be seen to be
more correlated as a function of
7)s in the 7)., = 4 case.

m This is also reflected in the

; / \ |
13 \ 5

initial state eccentricity e, for 5 [ BT TTT o e
) p ; o L [T
different 7s. nl T/ A
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Updated 3D TRENTo
oooe

Initial state profiles

x[fm] 5 1

20-30% central

m We show initial state profiles
with the following parameters:

o 0
o)y 4
0 0

x[fm] 51
[

with 7)., either co, 4 or 0.

m Fluctuations can be seen to be
more correlated as a function of
7)s in the 7)., = 4 case.

m This is also reflected in the \ ad \
initial state eccentricity e, for 5 . R (1 1Th esscuers
different 7s. n S
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Updated 3D TRENTo
oooe

Initial state profiles

m We show initial state profiles

with the following parameters: 107R0% oo oo
08 Neorr = 0 e
—_— 506 N
to 0 Eoa -
o 4 0.2 < ’
Yo 0 R
_——— EO.G
. . Eoa e B
with 7)., either co, 4 or 0. - MY
m Fluctuations can be seen to be 08l
more correlated as a function of ~ 3°° .
. = 04
7)s in the 7)., = 4 case. " .
. This is also reflected in the -04-0.2 0.0 0.2 04 -04-02 00 0.2 04 -04-0.2 0.0 02 04
Re(e;) Re(e) Re(ez)
initial state eccentricity e, for
different 7s. U it
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Tuning the parameters
[ leJele]e]

Tuning the parameters

m To compare to both ALICE and
CMS at the same time, we
must match the n-dependence
of vs. 0.035

= We eventually want to do a 0.030, Trefectum (2:30)
Bayesian analysis, but will first 0.025¢ —ﬁ%;}]ﬂ?
hand-tune the parameters to g 0.020¢ %&& &1{%
see if we can make the slope of O'OIS;Acce,Ence %

va(n) steeper. 0005 ™ ALICE . ALICE
m CMS

-4 -2 0 2 4

0-5%

m Important to try this out 0.000
first. Bayesian analysis is
expensive, and if we do not
have a parameter that can
change the slope Bayesian
analysis will not be useful. L] e

Technology
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Tuning the parameters
(o] Jelele]

We can get the slope right. ..

m Decreasing 0y makes the slope of v»(7)

steeper.
m This decreases the 7s extent of energy 0.035—— : : :
deposition in the initial state, making the ;5,¢

€2 of different 7 less correlated. 0,025 3
m n(n?,1°) is too steep as a consequence. __ 0.020% ]
m We need to increase /iy to keep the shape = o0.015f 3 @%L}—
of dN/dy correct. 0.010F — 4 =0.75, g = 2.9 ]
m Note that we undershoot integrated 0005} — pp=2,00=2 + ALICE
particle production, and overshoot 0-000 2 a

integrated vy. n

m Cannot expect to fit perfectly when
tuning by hand.
m Full Bayesian analysis should get
everything right simultaneously. i s

Technology

-dependent fluctuations in the TRENTOo initial state model



Tuning the parameters
(o] Jelele]

We can get the slope right. ..

m Decreasing 0y makes the slope of v»(7)
steeper.

m This decreases the 7s extent of energy
deposition in the initial state, making the 1'0%
€2 of different ns less correlated. 0.9¢

m n(n?,n) is too steep as a consequence. < 0.8

m We need to increase /iy to keep the shape m% 07f
of dN/dy correct. 08 — 1p=0.75, 00 = 2.9
: 050 pp=2,00=2 . CMS
m Note that we undershoot integrated Ho =< o
particle production, and overshoot 980 05 10 15 20 25 30
integrated vy. n
m Cannot expect to fit perfectly when
tuning by hand.
m Full Bayesian analysis should get
everything right simultaneously. M e
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Tuning the parameters
(o] Jelele]

We can get the slope right. ..

m Decreasing 0y makes the slope of v»(7)
steeper.
m This decreases the 7s extent of energy
deposition in the initial state, making the . e i3
€2 of different 7 less correlated. e3s! @@%
m n(n?,n) is too steep as a consequence. 1500

m We need to increase /iy to keep the shape 1000

of dN/dy correct. . cool — H0=0.75, 0= 2.9
m Note that we undershoot integrated =2, 00=2 « ALICE

particle production, and overshoot 0
integrated vy.
m Cannot expect to fit perfectly when
tuning by hand.
m Full Bayesian analysis should get
everything right simultaneously. M e

dN/dn

-4 -2 0 2 4
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Tuning the parameters
[e]e] le]e]

. but other observables also change.

m For non-central collisions v, is much
. . . 0.15¢
too high for the settings which produce
the correct slope. 010l ]
. . D .
m dp7/{pT) is also too high. g
m Probably overall fluctuations are now 0.05} — po=0.75, 05 = 2.9
too large. — We=2,0,=2  « ALICE
m Makes sense since we have added 0.005""20""30 20 50 60 70
ns-dependent fluctuations. centrality [%]

m Probably Bayesian analysis should
lower o4, to compensate.

S
i e

Technology

ependent fluctuation al state model



. but other observables also change.

m For non-central collisions v, is much
too high for the settings which produce
the correct slope.

m dp7/{pT) is also too high.
m Probably overall fluctuations are now
too large.
m Makes sense since we have added
ns-dependent fluctuations.
m Probably Bayesian analysis should
lower o4, to compensate.

Spr/{pr)

Tuning the parameters
[e]e] le]e]

— 1o =0.75, g = 2.9

— Ho=2,00=2

« ALICE |

10

20 30 40 50 60

centrality [%]
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Tuning the parameters
00080

Kinematic cut dependence

m Comparing ALICE to CMS cuts

depends on competing effects. 0,005  m=0Ts=29
R e S 0.2 GeV=pr<3 GeV, |n|<0.8, Anz1
m CMS pr cut increases v» compared 0.040F 0.2 GeVepr<3 GeV, [f12.5, A2 ]
to ALICE. 0.035f----- 0.3 GeVsprs3 GeV, [n|s2.5, Anz2 .;:2? ]
m CMS |n| and An cuts decrease v» £ oom :
& 0:030p

compared to ALICE.

m Focus on the 0-1% bin (the only one
ALICE and CMS share).
m In experiment, v> arice > Vo cums.
® In the model, this happens for the
settings which reproduce a high slope
of va(n).

0.025f

0.020

0.015
0

centrality [%]
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Tuning the parameters
00080

Kinematic cut dependence

m Comparing ALICE to CMS cuts
depends on competing effects.

=2, 0p=2
. 0.07 : ozt 0 .
m CMS pr cut increases v» compared |- 0.2 GeV=py<3 GeV, [/<0.8, Anz1
to ALICE. 0.06 0.2 GeVsp<3 GeV, |n|s2.5, Anz2 1
m CMS |n| and An cuts decrease v» 0.05F 7 s
compared to ALICE. g
= 0.04

m Focus on the 0-1% bin (the only one

ALICE and CMS share). + ALICE
. 0.02 fg—— . cMs ]
m In experiment, v> arice > Vo cums. : - . . . |

® In the model, this happens for the
settings which reproduce a high slope
of va(n).

centrality [%]
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Tuning the parameters
0000e

The (non)effect of 7o

B 7)oy Seems to have a very mild 2000} %%M@
effect on observables. 1500 3% i
m A potential exception is s
. 4 L.
r(n?,1mP), but this not clear 5 1000
with current statistics. s00] — Meorr=0
— Neorr=4 « ALICE
m The smallness of the effect of o !
TNeorr IS SUrprising given the -4 2 0 2 4
n

substantial effect on the initial
state.
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Tuning the parameters
0000e

The (non)effect of 7o

. 0.030—— , : ,

B 7)corr S€€MS to have a very mild
effect on observables. 0.025¢
A potential tion i 0:020¢ +

] otential exception is ~

P 2 b p < 0.015} %% %Lh%
r2(n?,m®), but this not clear RS iy
with current statistics. 00108 =0

0.005f B .

m The smallness of the effect of 0000l ’760"-‘4 ‘A“CE |
TNeorr IS SUrprising given the ' -4 -2 0 2 4
substantial effect on the initial n
state.
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Tuning the parameters
0000e

The (non)effect of 7o

B 7)corr S€€MS to have a very mild 1.05
effect on observables.

m A potential exception is
r(n?,1mP), but this not clear
with current statistics.

— Neorr = 0
m The smallness of the effect of [ S . CMS
Teorr S surprising given the 086 o5 10 15 20 25 30
substantial effect on the initial n

state.
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Conclusions
o

Conclusions & Outlook

Conclusions:
m Comparing model to data for ultracentral collisions depends
sensitively on the kinematic cuts.

m 3+1D model simulations have the potential to describe both ALICE
and CMS data simultaneously.

m Should however understand the interplay of parameters to describe
all observables simultaneously.

Outlook:
m We will perform a full Bayesian analysis in the future.
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