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6+ Dijet transverse acoplanarity momentum
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h+Jet Acoplanarity dNpgms/ dAg¢ vs Ag
for Vac+BDMS a=0.09 for Q=20(solid),60(dots)
Qs = 0 (black),3 (blue), 5 (red)
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Section 1: Motivation

and Results

MGyul:

What is QCD Fluid Matter ?? What are its effective degrees of freedom ??

The 5th Wave
ORIHTENNNT

%

L
20—

By Rich Tennant

|

h
s Ton F{:: Prayt
A s
R Er R
"‘:J"}...
5§

s IO

e (00 (3 B A

ad =

=0 v Cog)"

T

“ Along with ‘Antimatter, and ‘Dark Mattey,

we've recently discovered

the existence of

‘Doesn’t Matter, which appears to have no
effect on the universe Wwhatsoever.”

Fortunately, CUJET3 can make falsifiable predictions with wQGP and sQGMP dof

Can RAA & v2
Constrained
Acoplanarity
In A+A help
Answer this?

That may help in the future to break degeneracies of current A+A data interpretations



Motivation: J. Liao and E. Shuryak, Angular Dependence of Jet Quenching Indicates Its
Strong Enhancement Near the QCD Phase Transition ,PRL(2009); Shuryak PRC66 (2002)

» dE dAp? T3
1  — (T bT2‘|’b _ -
dr AT dr +(T) E?
/{(T) Rbdsm — Cj/TS
Fis = Ey — AE,
} '
T.<T <21,  T.. b1y = 60— Ag
The main Idea: T<Tc'
Emergent

Color Magnetic  “Crossover Region”
Monopole d.o.f .

near Tc can enhanceAqb ot
jet AE and v, (and ) oo
due to jet- monopole T ~(1-2) Tc
Dirac constraint:

2 .
OéEOfM21>> o T>2TC"'

=> a K peak near (1-2) Tc should B o B
Enhance jet azimuthal asymmetry Eap = Eo — AE» ¢2f =T+ ¢o — A
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Probing the color structure of the perfect QCD fluids via

soft-hard-event-by-event azimuthal correlations”
HEEF & Bzl It

Shuzhe Shi) Jinfeng Liao%? Miklos Gyulassy?*

Quark —

Gluon 1

PP PR R PP B PP R B
3.5 4.0 1.0 1.5 2.0 25 3.0 3.5 4.0

Tr/T.

CUJET3 = (OSU VISHNU)(soft hydro) + DGLV(hard jets) + sQGMP  Jiechen Xu et al

MGyulassy LBL 2/21/20 CIBJET = event'by'event CUJET3 Shuzhe Shi et a|5



CUJET3 sQGMP composition constrained by Lattice QCD thermo P(T), L(T), x“(T), u(T), u,,(T)
“Fast deconfinement” Py = pr X5(T)

6 .
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Monopole 4 ~ 4 /,-”’Fﬂ CO'OI‘ ElECtrIC
d.o.f. i 3 " “semi-QGP”
Shuryak, Liao & M 3 Hidaka,Pisarski
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sQGMP is a lattice QCD constrained phenom realization of t’"Hooft, Polyakov and Mandelstam
1974 proposal that emergent color Magnetic Monopole d.o.f. may play a dominant role confining
the color electric g and g d.o.f. below T < Tc ~ 160 MeV via a magnetic dual of Meissner effect

(See also B.Zakharov:1412.6287; Ramamurti, Shuryak, Zahed, 1802.10509)
MGyulassy LBL 2/21/20 6



Radiative energy loss in CUJET= DGLV generalized to sQGMP

AFEraqa dN ', = deO'aT dQJ_
Z / TE EdTE P %dp ( ) ( >/

18Cr 4+ Ny / 9 1 XTfE (I_XT)JCM
= dr p(z)I'(z) /d q % + :
72 16+ 9N, ( T2 |l + () @+ fe(2)

(ki —qu)®+ x*(2) ( k3 )
/ df'r+/d kJ_an, 1_TJF)){I CDE:( 20, E T 1+4$iE2

2(k;. —qy) [ k, (k. —qy) ] N=0 & 1 Interference
(kJ_ —qu)?+x%(z) |[kI +x%(z) (kL —q1)?+ x%(z) “Antenna”

In order to derive the HT ghat approximation from above we must expand the 2" and 3" lines
in powers of q, and retain only the quadratic g,* term !! But all higher moments DIVERGEI

III E_’ S Tt

~ Zror [ {d(n)= [ d?qL A Ta(r,qu) =dQ?(7)/dr}
{/ dT+/d e Ty (1 k— $+)) [1 - (kL;fE(Z)T)] (1 + 4:1:1%}2)2((1’1:{;;((:))))4

1(2 k? + x?%(z) k%1 1'{2 k? — x?%(z)
d d’k | = = 1 =
/ T+/ Lees( +(1— T+)) {%m ( 2z B T) -T+E] ( " 4$+E2) (k3 +x%(z))3 }

We found that the int dx integral of 2" and 3" lines of this asymptotic series behave
approximately linearly in path time only in the formal E—- o0 limit ! But For E<100 GeV and
T<400 MeV CUJET energy loss does not reduce to BDMS form
AE,(CUJET)AAE,(BDMS) / dt t' o (x(t),1)
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CUJET3: T and E dependence of Jet transport coequ<T, E) constrained by RHIC&LHC R, ,
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Summary 1: CUJET3= VISHNU+DGLV global RAA constrained jet transport fields

a(T,E)—VISHNU T(z,0,t)——4(T(x,0,1), E) —

14F | 7 | : : : . : .
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Fig. 1. (color online) (Left) The CUJET3.1 R4 constrained [16} 17 jet transport field, §(T, E) for quark jets with E;,; =
5,20, 100 GeV are compare to wQGP and sQGMP models of the chromo electric and magnetic dof in the QCD fluid. Dashed curves
for wQGP assume only color di-electric dof while solid curves for sSQGMP assume that the color electric quark and gluon dof are
suppressed by lattice Polyakov,L(#), or susceptibility, y%, due to partial confinement 160 < T < 320 MeV range and assume that
emergent that the remaining dof are color magnetic monopole dof that condense across the QCD crossover temperature range. (Center)
I[sochronous evolution of temperature field, T'(x, 0, t), in VISHNU2+1 viscous hydrodynamics[13] for 0-10% Pb+ Pb 5.02ATeV. (right)
The isochronous evolution of the jet transport coefhicient, §(7'(x, 0, 1), E = 20 GeV), for a quark jet of energy 20 GeV in the VISHNU
temperature field shown in the middle panel. Blue isochrones show §,,0cp. Red isochrones show gsoGmp, Note that Gsogmp is strongly
enhanced in the surface regions and at late times close to freeze-out.

MGyulassy LBL 2/21/20 10



Summary 2: CUJET3 PbPb 5.02ATeV Partonic Level RAA and v2 jet-medium observables
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1.5 ] _ |
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enhance ghat S ====SZzco._a. g T
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surface regions :snlid: quark-jet _:'-“. ' solid: quark-jet
u:'_daslil: glulon-jolat | . u-_kdasl':: glulon-j?t | | A
Tc < T(x,t) < 2Tc 20 25 30 35 40 45 50 20 25 30 35 40 45 50
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FIG. 4. Angular average (R44) and azimuthal anisotropy (v2) of modification factor R44(n; Eg,) for leading light quarks
(solid) and gluons (dash) with different final energy Ejy,, with different schemes of color constituent (different colors).
Left and right panels show results for (~10%, and 40-50% centrality classes, respectively.
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CIBJET (sQGMP) provides a x*/dof < 2 solution to all RAA, v2, v3 data at RHIC and LHC

e e ol (e 1 o nien'yy R N
1 CIBJET ebeGL(nfs—O.ﬂl vs ebeTR(n/s=0.2) = 0.15— (40- 50% centrality) ebe Al
- Ran  _ome R . % = aw - CIBJET 1
0.5} -. [P - - ! [E
; /ﬁ . A ! 't CMS 5.02TeV o CUJET2
Solid: ebe geom + CMS 2.76TeV + - —— =VUSPhydBBMG
Dash: avg geom 0.10— ebe oLy + LBT —
—3 i e —
2hard— soft ] o avg (2.76 TeV)
1 — = = mQGP
L AN ]
v4(2) 0.05- W\ o 1N~ —
\\ ™ .
ey —
o.mE RS S c—
0.005F  (30- 40% centrality) _ = o ol = Y
ALICE, ATLAS, CMS y,hard- soft W T T T -
0.0024 , , .| PRI B IR N H 20 40 60 80 100
0.5 1 2 5 10 20 50 100 pr (GeV)
pr (GeV)

However other globally consistent RHIC+LHC RAA&v2 solutions also exist:

1. J. Noronha Hostler et al, PRL116,252301 (2016)
“Event-by-Event Hydro +Jet Energy Loss: A Solution to the RAA®v2 Puzzle”

2. C. Andres et al, PoS HardProbes2018 (2019) 070
“Constraining energy loss from high-T azimuthal asymmetries”

===== We need other observables to break theoretical degeneracies !
MGyulassy LBL 2/21/20Constrained Dijet AcoplanarityTomography can help 12



Acoplanarity distribution is a convolution of Vacuum Sudakov and Medium induced
transverse deflection distributions ( proposed as a QGP signal 34 years ago! )

D. A. Appel, PhysRD33, 717 (1986); J. P. Blaizot,L. D. McLerran, PRD34, 2739 (1986)
F.~D'Eramo et al, JHEP 1305 (2013) 031; 1901 (2019) 17; MG et al , QM18 NPA982 (2019) 627.

We utilize the acoplanarity formalism of

Mueller,Wu,Xiao,Yuan, PLB763, 208 (2016); PRD 95, 034007 (2017)
Chen,Qin,Wei,Xiao,Zhang, PLB773, 672 (2017)

dN 1 dN
dg* =~ Q% dAg

= | bdbJo(Ig(Q, Ag)|b)e™> (OO mea QD)

Svae  (a/27) D" {(A1(10g(Q*/3)* /2 + (By + Dy log(1/R) log(Q* /up)} + S np(Q b)

q.8

The medium induced broadening in one parameter multi soft Gaussian BDMS approximation

Ssoms (5; 0,) = QX4 Q2 — / dt G(T(F(0), 1)), Q)

The two parameter (opacity x=L/\ and screening p ) GLV multiple Yukawa scatt approx:
S orv(bix. 1) = x(ubKy(ub) — 1) = b*log[1/(bp)*](x 1) /4

MGyulassy LBL 2/21/20 13



Hadron-Jet acoplanarity azimuthal distribution from Chen,Qin,Xiao,Zhang PLB773, 2017
A+A Vacuum Sudakov+ BDMS(Q_ %) and current RHIC and LHC data

Current State of “Acoplanarity Art” . cienetal/ physics Letters B 773 (2017) 672-676

N e ——— R T — —_ 40—
[0 PHENIX pp O FHENIX pp O 5TAR pp
L O PHENIX AA D200, ] i O PHENIX AA 0-20% 1 | O S5TAR AA 107 p
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[ |--- (p) =13 Gev? - |- ) = 13 Gev? ] L |--- (62 = 13 Gev? / L]
‘Eﬂ: 90 .rlf_.r_'.f = [-_J |.|.]| Gel' "E|:1i () !rj.rl:' = [5. II.J: Gel i S 2k _r;‘l.'._'l:': = :|'.:.'. 2["' Ge b
—l & L~

PYR = [3,5) GeV /%, PE = [5,10] GeV . -t P = (3.5 GeV %
1o} i g | 10} ] Lof I
[Jll::l il 1 1 % 1 1 | []IL] -::_-__--F 1 1 1 1 1 1 ]

2.4 2.6 2.8 Al 2.4

2.1 26 58 3.0

Fig. 1. Normalized dihadron angular correlation compared with PHENIX [51] and STAR [52] data.

G0 — — T — .0 T — r — Ol —————
0 STAR G0-80% O STAR G0-20% Ve & ALICE TT[20,50] 0-10%
O STAR 0-10% O STAR 0-10% / @ ALICE TT[20,50]-]8, 9]
— {pl) =0 Gev* — p* =0 Gev? J — [pt ) =0 GeV®
LOF |--- (ph) =13 Gev? A0 [--- (2 ) =13 Gev® i % AOF 1--- 5 =13 Gev?
- L : e & Fo]--- et = 26 GeVE
=4 PEE [0, 30) GeV Pl [0, 30] GeV i £l4
—le peEe = 12, 18] GeV P = [18, 48] GeV / —le Pk = [20, 50] GeV
2.0 2.0 f 201 pFy = [60,90] GeV
@ @__-—" :%’ %;'”
0.0 == ""—E‘."fm L - 0.0 :E~ ‘é'—']‘é'"#‘ . - 0.0 £ W -
2.4 2.0 2.5 3.0 2.4 2.6 2.8 3.0 2.4 2.6 2.8 3.0
Ao Ao Ao

As a stand alone observable, Acoplanarity does not constrain Q * better than RAA&V2.

However, when constrained simultaneously with _RAA&v2, Dijet Acoplanarity
can greatly increases the exp discriminating power to the chromo structure of QCD fluids

MGyulassy LBL 2/21/20 14




CUJET3.1 Results for Single leading parton trigger | &% BEE ¥Rt

Constrained by global N (e, Cy Raa & vol/d.o.f. <2

CUJETS3 Predicts factor ~2 enhancement of

R, Constrained Parton Energy Loss _ _
saturation scale in sQGMP vs wQGP

<AE>SQGMP ~ <AE>wQGP <Q§>5QGMP ~ 2 X <Q§>WQGP

UL R R U DN IR IR DN R DN ¢
03, 0-10% PbPb5.02ATeV | : (% :
- gluons
c T T
uj 0.2 T ==
g quarks —
01— sQGMP _ A
- ——— = solid: quark-jet
| _wQGP  dash: gluon-jet
0.0k ol
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Summary 3: CUJET3= VISHNU+DGLV global RAA constrained Dijet Acoplanarity

Ag® = <Q2>/ jet—  dNgijet /AP

l [ Partonic Level E=20 GeV

1 S_SOIid: ﬁ = P SQGMP_XT Sudakov Qs%= 0
LA 8 1 GLV Q;’=9  -w-meee
dash: n =X SQGMP—XT 1 4 6Lva’=16

BDMS Q;2=9 -
BDMS Q,%=16

wQGP

-
o
P

100 x (@5 goms) / (Eini)?

: '70 %5 2.6 27 2.8 2.9 3.0 3.1
Ad=|di-¢s|

Eiin (GeV) Efin (GeV)

Semi-central 20-30% PbPb 5 ATeV qunched g and g jet spectra averaged case illustrated

Fig. 2. (Left) Comparison of CUJET?3 path and q and g quenched jet spectra averaged parton level Q%[wQG P] (green) and Q2[sQGM P]
(red and blue) as function of final quenched jet energy E;, in central 20-30% Pb+Pb 5.02 ATeV using the g in Fig.la. Solid curves
compare results for initial jet moving in the y direction, out of plane while Dashed curves are for jets moving in plane. Only a very slight
elliptic asymmetry of Q2 is predicted. Green curves correspond t0 Q?>(wQGP) vs E f;, without magnetic monopole dof. Red (Blue)
curves correspond to Q%(sQGM P) with magnetic monopole dof in two schemes y% (y7), see [16]. Comparing red and blue curves to
the green wQGP curves shows that emergent magnetic monopole dof in both sQGMP schemes approximately doubles the predicted
Qf relative to the wQGP model without monopoles, even though both composition models are tuned to fit the same global Rppp;, data.

Percent level precision on deijet/A¢ to resolve magnetic monopole dof in QCD fluids,
2 ~ 2
Even though <QS >SQGMP ~ 2 X <QS >WQGP !!16
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CUJET3 Single parton “a” triggered Dijet “a+b” Summed Transverse Saturation Scales

(Q:[abl(Eyin = AE" (X0, 1)) {E,;,%0,8)

Quenching probability
/d]’nd'yn/ dEul] P(ﬂ‘ Lo, yﬂaEﬁn — Ellll).ﬂ(n Eﬁn Ip,l Jﬂ)
-E-'hn

mi

<Q=; mu.l a’+ h] (ﬁ' Eini)>

X [Qi,mud [EI] (ﬁ"‘ Ei“i'-' L0, yﬂ) + Q:e,rrlud [b] (_ﬁ‘ Eilli; Lo H{'}I):l .

80— | | | RS 1 | | | | | ]
solid: q+q sQGMP a0l solid: q+q SQGMP
—~ |dash-dot: g+q GP ~. [dash-dot: g+q GP
o™ o™ i
> 80~ dash: g+g WAGE & ¢ > dash: q+g _WQGP
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) L b N 2 |
L S — ® 20 ---"T 7T .
E -_— - — — .Pli [——— ™)
E e === E [ = -
:20-‘—,_-;,-.—-&--—: ————— ] @1“— ——————————————————— T
e = = —— = —— T T 4 :_____—_ . T —— — — —
(]S N I I T I - (1] TSN I P I I DU
20 25 30 35 40 45 50 20 25 30 35 40 45 50
Esin (GeV) Esin (GeV)

FIG. 7. Direction averaged di-jet medium saturation factor QZ . .4[a + b] with single trigger leading parton [a] with final
energy FEan, assuming different schemes of color constituent (different colors). Triggering parton in [q+g] process is a light

quark, while for [g+q] process is a gluon.
(Qzlabl)sqanrr & 2 x (Q)3[abl) o

MGyulassy LBL 2/21/20 17




Enhancement approx

Qg [CL + b] (SQGMP) Also weak

Independent of 5 ~ 2 Dependence on
dijet {a,b} channels Q3la + bl(wQGP) trigger Efin
L L I I N IR AR | LARARE RRARS RRARE RS RS RAME)
solid: gq+q SQGMP | a0l solid: gq+q sQGMP
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With _dynamical parameters and hence quenched dijet geometry Constrained
by RAA&Vv2 data, CUJET3 predicts that DiJet Acoplanarity dN/d¢ can discriminate Vacuum

vs WQGP vs sQGMP color d.o.f. of the QCD fluid in the crossover T~ 150-300 MeV range
for 20 < E <60 GeV triggers in future 10 % precision level measurements in the BDMS

dNIdA(I) (Gaussian) dipole approx: o (b; 0.) = |b2 Q%/LI-

E -
. Solid (dotted) curves are for Emg=20 (60) GeV hard triggers.

Vacuum__

5 Black curves assume only Vacuum (Sudakov) gluon radiation

. Blue curves assume Vacuum ® wQGP color composition
- wQGP= perturbative QCD color dielectric quarks and gluons

;| Red curves assume Vacuum & sQGMP color composition
. sQGMP= nonperturbative semi-QGP & Magnetic Monopoles

" 24 | T 26 | 28 | T 30
3rt/4 Ad T
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Caveat: Unfortunately a fit to the intercept at Ap=n does not uniquely define Qg
Need also shape analysis A¢ to distinguish between Gaussian and Yukawa forms:

The medium induced broadening in one parameter multi soft Gaussian BDMS approximation

BDMS (Gaussian) dipole approx:

S soms (b; Q) = b=Q: /4 Q2 = /dt q(T(r(t),1)),Q)
The two parameter (opacity x=L/A and screening u ) GLV multiple Yukawa scatt approx:
S Grv(bi x 1) = x(ubKy(ub) — 1) =~ blog[1/(bp)*](xp*) /4
oo R(AG x ) = dNaa /ANy,

EVacuum Sudakov, Q = 20 GeV GLV (u=0.5, x=6. 27 Q2—10)

af 2y _ 05696) - 14F BDMS (=0, x=co, Q2=16) —
: GLV, (1.X:Q5) = 4 5 10.16) . < s
_ ) 1.2

3 BDMS, (@) =" T

¥ A(%:-O)n) Landau tail | Rutherford tail -

e e 1 | 1 1 1 1 1 1 1 1 04 1 1 1 1 | 1 | 1 1 | 1 | 1 1 |
24 2.6 2.8 3.0 0 5 10 15

Ao q — EtrigA¢
Need Pecent level precision on acopl shape to resolve Rutherford tails
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Section 2: Open Problems

Radiative Corrections to elastic scattering

MGyulassy LBL 2/21/20

21



Elastic Straggling of a heavy b quark and acoplanarity

Radiative g Correction to Elastic Straggling of a heavy b quark and acoplanarity correction

k

g 4
L4
>
>
4
>

........-‘:-- 5¢2N(q'k)zlp2

g =(q - k) +(k)



30 T. Liou, A. H. Mueller, and B. Wu, Nucl. Phys. A916, 102 (2013), 1304.7677.
31 J.-P. Blaizot and Y. Mehtar-Tani, Nucl. Phys. A929, 202 (2014), 1403.2323,
32 J.-P. Blaizot and F. Dominguez, Phys. Rev. D99, 054005 (2019), 1901.01448.
33 E. lancu, P. Taels, and B. Wu, Phys. Lett. BT86, 288 (2018), 1806.07177.

Static brick . L o, | A
ua(L) =G, —log*(L/l,) ., |~ 0.4 ge; ForL~5fm
enain Graa(L) Qe 2 8 (L/b) ~ 0.2 QAZZ For L~3 fm

d-dim expansion c}(t) g(to) (tO /t>d/3

raa(Lsto,d) = 45 (1= d/3)*log*(L /o)

/@L dk? /k“ﬁ} dw N /PE dk? /FL dw
2 [, . 2 .
E:"T"l:]'lin k k_rmin @ E?L k klfmin @

| L L  p? J 1 Does radiative correction
+In—1In ™~ Double elastic aoplanarity ??

A A ~ — —l 2 .
QTad/QGl s [2 e T gL




Radiative contribution to p, -broadening of fast partons in a quark-gluon plasma

B.G. Zakharov!

'L.D. Landau Institute for Theoretical Physics, GSP-1, 117940, Kosygina Str. 2, 11733} Moscow, Russia
(Dated: December 11, 2019)

The contribution of radiative processes to p i -broadening of fast partons in a quark-gluon plasma
is investigated. Calculations are performed beyond the soft gluon approximation. It is shown that
the radiative correction to (p7 ) for conditions of heavy ion collisions at RHIC and LHC is negative
and can be comparable in absolute value with the nonradiative contribution. This prediction differs
radically trom the essentially positive contribution of radiative processes to p -broadening, which
was predicted earlier in the literature.

The total contribution to (pi)«,..ad corresponding to the sum F + F can be written as the sum of three terms

P )raa =D+ I+ 1Is, (88)

Using the values of the ratio ¢'/¢ from (@8), we obtain from relations (@7) and (@8) the following values for the
ratios of the radiative and nonradiative contributions in our versions for RHIC(LHC)

(P2 Vraa/ (P2 Vo ~ —0.598(—0.629) , r = 1.94(2.13).. (99)

And for ¢’ = ¢ we obtain

(P> Vrad/ (2 o = —0.397(—0.192), r = 1(1). (100)

It can be seen that even in the version disregarding the difference between ¢’ and ¢, the radiative contribution to the
p | -broadening turns out to be negative for the RHIC and LHC conditions.



In CUJET3 the radiative correction to elastic energy loss is

For our application here, note that g, = q, — k. is the actual jet recoil associated with radiating a gluon with
transverse momentum k. In order to compute the radiative correction to the elastic ¢.; we must then perform the
integration over [d*qd*k--- weighed with an extra factor of (k, —q, )* = Q?—m?. However, since Ag, ., = (g /) we
must also remove the factor of x in the curly brackets of the AE, ., functional Eqf3] Thus, the radiative correction,
AQ?..=(N,)((g—k)? to the elastic saturation scale squared can be calculated in CUJET3 using

MA@ fazw)] = [N, ((a—k)) = / it [ dek LS80 (g k)

e / dtiq ¥, (a,) [ Lk Alk,q.0) PtleBo k.a) ((a—k)*) (10)

Turns out to be negative due to near field interference between N=0 and N=1 amplitudes
In qualitative agreement with Zakharov claim.

k
Tad/AQelas ~ —0.5 N ; <€ In both SQGMP and wQGP dof

p’=p+q-Kk
g =(q - k) +(k)

The total elastic recoil g is SHARED between emitted gluons and the leading parton




Section 3: Concluding Remarks
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ALICE et al, JHEP 09 (2015) 170

ALICE

Acoplanarity Tomography Dial 2

= O | e B LA a4 i e B
S  ALICE
=1 Pb-Pb |5, = 2.76 TeV, 0-10%

i anti-k; charged jets, R = 0.4

i 4{]{PFEFD'C“{5{]GEWE Recoil away side Jet(R)

- T1{20,50} - TT{8,90= Trigger Track hadron

0.U5— | Acoplanarity Tomography Dial 1

- @ Pb-Pbdata: o =0.173 £ 0.031(stat) £ 0.005(sys)
- W PYTHIA + Pb-Pb: ¢ =0.164 £ 0.015(stat)

statistical errors only

1.6 1.8 2 2.2 2.4 2.0 2.8 3
AQ = I‘ptn'g - q}jet
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Single Jet trigger surface bias depends on jet Casimir gq=4/3 or g=3

5.02ATeV 0'04;+'0'_'1'0|%' T
0-10% 5t Egn =20 GeV

b 0.03- % g -
Gluon - solid: sQGMP

- dash: wQGP

-10 -5 0 5 10 —10”'|—5H”0IIH5H”10

Xp (fm)
However, CUJET shows that the bias is independent of the color composition of fluid

IF coupling is constrained by global Chi*2 fit to RHIC+LHC data on RAA(pT; s, cent%)

Implies that Jet Acoplanarity is mostly sensitive to T(x,t) ~ (1-2)Tc hypersurface

MGyulassy Acoplanarity is more sensitive to possible Non-perturbative Opalescence near Tc




The Medium induced Acoplanarity correction to vacuum Sudakov requires consistent calculation
of dijet energy loss as well as dijet azimuthal straggling transverse to initial dijet axis

Triggera: (F;p; — AFE,) n(¢pg + 0¢,)

Dijet . Eini (o)
Acoplanarity A¢ab 5¢a (Eznu f()) Qb())
Tomography AE (E . 20 ¢0)
Recoil b: |
\\\.\ (Eznz — AEb) ffl(ﬂ' + Qb() =+ 5§bb)
00b(Fini, To, ™ — ¢0)
Eini 0(m + ¢o) QCD fluid  AEy(Eini, To, T — ¢o)

T>160
Azimuthal Acoplanarity Width?

Agay, = Adaylvac] + Ay [med]
~ Ca;, + (Q?L[Cbo, o] + Q[ + o, 7o) ) [ Eini
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Dijet partons a+b — h"(trigger) + Away side reconstructed jet

Trigger charged hadron from
Quenched parton a

Away side jet b
Of Radius R Eng ~ 30 GeV

Quenched
Trigger parton a

E%;, = Eo — GL>
Q:la] ~ 4L,

IO(QZ‘O Y0, Etmg)

Trigger cut biased density of Dijet
Production points (g, Yo )

Etin(R)" ~ (Ey — 4L3)
Q2[b] ~ 4Ly,



Could ALICE current 40 < Ep 0" " <60  GeV high jet cut bias acoplanarity away ??

Dijet partons a+b - h"(trigger) + Away side reconstructed jet

Hadron-Jet energy cuts

biased density Pa,b(3707 Yo, Etrzg? Ejet (R>)
Trigger charged hadron from
Quenched parton a
Away side jet b
Of Radius R Eng ~ 30 GeV

4

Quenched
Trigger parton a

E}Lin — EO — QAL?L
2 ~71
B, (R) ~ (Ey — GL}) R Q%[a] ~ gL}
2 ~11
Q:[b] ~ gLy Pa(Z0, Yo; Etmg)

A too high min jet cut may strongly distort quenched geom

2D Tomogbraphy
of QCD Fluid

b Trigger cut biased density of Dijet
Ejet (R> > Emz’n = 40 Production points (g, yo )



Summary :
R, & Vv Constrained Dijet Acoplanarity Tomography can help to falsify competing models

of the color d.o.f. in perfect QCD fluids produced at RHIC and LHC
Insensitive
to d.o.f. Sensitive

to qA(T)
qud Soft pT<2
Trigger  Hard pT10
Raa & V2 Correlations &
(@ ¢1) @ varied centrality RAA& v2& v3

\

. Multiple models
are consistent
o / with current data
o RHIC&LHC

Di-jet Acoplanarity .4

\\\\\ _—
I S W We still do not
Good News: PASS! know what are
color dof of QCD

Dijet Acoplanarity 200GeV perfect fluids!

is also sensitive Heavy & 2.76TeV

to T~ Tc physics ! & Likaht : We need other

. : & 5.02TeV independent
Q(T ~ TC) observables

that probe dof

Away _ .
Side Jet ¢2 Bottom Line: Future percent level precision

MGyulassy LBL 2/21/20 will be needed experimentally on dN/dA¢ 32



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

