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* Pre-hydrodynamical evolution/jet-medium interaction
* Glasma — QGP: An increase in quark occupations induces =
 EM probes directly sensitive to dynamics of quark occupation!

* New jet transport coefficients:
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Phenomenological implications of Iﬁi

* Recent breakthrough: JETSCAPE constraints on g using multiscale (MATTER+LBT) jet-medium
simulations and multiple observables across many experiments.
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* Recent breakthrough: JETSCAPE constraints on g using multiscale (MATTER+LBT) jet-medium
simulations and multiple observables across many experiments.

» JETSCAPE extraction of § contains a bias owing to the absence of F;. F; should be self-
consistently included along with in-medium scatterings of jet partons with Glauber quarks.
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* Using & it may be possible to extract § while minimizing theory bias owing to lack of F;.
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* Recent breakthrough: JETSCAPE constraints on g using multiscale (MATTER+LBT) jet-medium
simulations and multiple observables across many experiments.

» JETSCAPE extraction of § contains a bias owing to the absence of F;. F; should be self-
consistently included along with in-medium scatterings of jet partons with Glauber quarks.

* One available remedy: include theoretical model uncertainty 6 to Bayesian calibrations.

* Using 0 to account for the lack of ilf"l- is unsatisfactory as f"i is sensitive to poorly known, and
fundamentally interesting (!), physics of flavor hydrodynamization.

e Better approach is to treat f"l- like g inside of multiscale jet evolution simulations, so we need:

q and é:

g




DIS in nuclear matter

* Jet-medium photon production at NLO (at high Q?):
q £

P2

51\

Medium-modified EM radiation

R A
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DIS in nuclear matter
e Jet-medium photon production at NLO (at high Q?):

ha's /Wﬁ

Medium-induced EM radiation = soIer in-medium enhancementI
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DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:

K;

(e .
\j d(ax e (q 2q_> <P|‘/7f(AX")VT¢f(0)|P
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nPDF
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DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:
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DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:

q
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DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:

N ;
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DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:

S1 S,

v v iAX‘<q+—2M—2_> T }/+
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}

* The super script (a; b, ¢) lables the reactiona - b +c,i.e.q > q+y,q = g + y and sim. for q.

* R is the perturbative portion to the scattering kernel, while O is the non-perturbative two-point
function.



DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:

K;

iy w1, 2 - iAX_<q+_21\ZI_2‘> T A
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}

* The super script (a; b, ¢) lables the reactiona - b +c,i.e.q > q+y,q = g + y and sim. for q.

 The L and T subscripts in O label the longitudinal and transverse jet energy loss transport
coefficients.
 0;_, is related to gluon TMD-PDFs (via £, - phase factor), é = 0(1;L,1)~(Tr[i6"/1+((‘, Az~,AZ )AT (C", 0, ﬁl)])
aAnd q= 0(1;T,2)
* 0;—, isrelated to quark TMD-PDFs



DIS in nuclear matter: the scattering kernels §;

* The hadronic tensor:

5
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* Recall that 6(1;0) ~ (Tr[ATA™]) does not contribute to energy loss; it is part of the quark nuclear PDF.

. 5(2;0) contributes to jet energy loss.
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Taylor expanded perturbative scattering kernels

* Transverse momentum broadening R ;.7 2) at next to leading twist, for massless incoming quarks
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Taylor expanded perturbative scattering kernels

* Transverse momentum broadening R ;.7 2) at next to leading twist, for massless incoming quarks
8 L . L . 1 . . A . L L L . L

92S;
ok?

= R;.
k=0 (;T,2)

Glauber gluons contribution: Rq.7 2)

Rar2) = ij_C(l;T,Z)
21

Glauber quarks contribution: R, 2)

4
yq_fgl

R(Z;T,Z) — 7_6(2;T,2)

The fact that K, (™) goes negative, is
not too concerning, as one must add

_ N _ _X@zo p
R@zi0) = 52(0,0) = o To

‘7?0 ~ Zf(l/jf ((_' 0, 6J_) %lpf ((_1 Az~ AEJ.))
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Taylor expanded perturbative scattering kernels

* Longitudinal drag R;;, 1) at next to leading twist, for massless incoming quarks
25+—7H i /4 +V7—m™m™08m
2.0
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I 10 === __

* Glauber gluons contribution: R(4.1, 1) 0.5 dereeieiie e T
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Taylor expanded perturbative scattering kernels
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s %
s %"
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* The mass dependence of transverse broadening
4 . : 1 =y =0.25, x=0
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X =" 31 ==. y=0.5,x=0
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0 .
0.0 0.5
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Photons and Flavor hydrodynamization

* The transition from glasma to QGP with thermal photons
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Photon production at intermediate pr

* MARTINI: Conversion and bremsstrahlung photons contribute significantly at intermediate py

Pb+Pb /s = 2.76 ATeV, |n| < 0.8, 20-40%
—— Prompt (nCTEQnp + BFGII)
Photons 5 < pr < 8 GeV:

1072
. — Conv.
1073 . —— DBrem. Pre-Eq. (KoMPoST)
= * Total yield dominated by
Z 1070 prompt photons
% o * Significant contribution from
%§10 jet-medium =~ 30 % of thermal
& 10-6L \%j Conversion = 12 %
: * Bremsstrahlung = 18 %
1077
0.5

Channel over
Total

0.0 ; I I | ! | I " N
4 §
pr (GeV)
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Total

Photon production at intermediate pr

* MARTINI: Conversion and bremsstrahlung photons contribute significantly at intermediate py

Pb+Pb /s = 2.76 ATeV, |n| < 0.8, 20-40%

—— Conv. —— Prompt (nCTEQnp + BFGII)
—— Brem. Pre-Eq. (KoMPoST)

<
o

Photons 5 < pr < 8 GeV:

* Total yield dominated by
prompt photons

* Significant contribution from
jet-medium = 30 % of thermal

* Conversion= 12 %
e Bremsstrahlung = 18 %

* Note that there is parton energy
loss at high Q?, just no photons
from MATTER.
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Photon production at intermediate pr
MARTINI: Conversion and bremsstrahlung photons contribute significantly at intermediate py

Pb+Pb /s = 2.76 ATeV, |n| < 0.8, 20-40%

1072
: —— Conv. —— Prompt (nCTEQnp + BFGII)

10-3L +++  Brem Pre-Eq. (KoMPoST) Photons 5 < pr < 8 GeV:
& : * Total yield dominated by
Z 107 prompt photons
i10_5 * Significant contribution from
= jet-medium = 30 % of thermal
ﬂim_ﬁ \%j Conversion =~ 12 %

e Bremsstrahlung = 18 %

* Note that there is parton energy

=
o

Channel over
Total

o
(e}
e S

loss at high Q?, just no photons
from MATTER.
e This is where our calculations

come in.
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Photon production at intermediate pr

* MARTINI: Conversion and bremsstrahlung photons contribute significantly at intermediate py

Pb+Pb /s = 2.76 ATeV, |n| < 0.8, 20-40%

1072

—_

=
w
I

(GeV™2)
=

dN7
—_
(@)
&

2 prdn dpr

1

+
++
%+

Brem.

—— Conv. —— Prompt (nCTEQnp + BFGII)
Pre-Eq. (KoMPoST)

Channel over
Total

0.0%

Photons 5 < pr < 8 GeV:

* Total yield dominated by
prompt photons

* Significant contribution from
jet-medium = 30 % of thermal

* Conversion= 12 %
 Bremsstrahlung = 18 %

* Note that there is parton energy
loss at high Q?, just no photons
from MATTER.

* This is where our calculations

come in.

e Jet-medium photons are directly sensitive to § and F;, avoiding hadronization effects.

* Need to know F; to estimate the bias in the current Bayesian constraints on 4. -



Conclusion & Outlook

e Photon production mechanism from all virtuality scales are now at hand.

* Having a comprehensive theoretical description of photons is a boon for

» understanding photon-only observables (spectra, flow, etc.) needed to constrain “soft” transport
coefficients (e.g. /s, {/s, etc.)

* understanding jet-medium photons (e.g. photon-triggered jets and jet substructure) and thus jet-
medium transport coefficients. For recent developments in photon-triggered jet studies see e.g.

* More importantly, photons can deepen our understanding of how hydrodynamics is
reached from the initial Glasma.

* These new directions can only be fully appreciated if Glauber quarks are accounted for in
q—->9g+9,9g—-qg+q and g > q+ q'.. covered by the next speaker
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Deep Inelastic Scattering (DIS)

* |Inthe vacuum:
d3c  aiZy

20 —— = L,WH
d3¢ 2msQ*
1
L¥ = ETF[(fin V) YH Eour V) v']
+
A= (a+ — Y
W =22[—gﬂ]e2efgszfdAx eix™(a )<P‘1/)f(AX )Tl/)f(O)‘P Ky
f
dy d*031 _ipy-t
= | ———=e~ M S,(¢
E;Uz 2
2 K H(‘Bz) — £2l + yM
4 Mo 2y(1-y)q”
AP = A(P*, M*2PY0,) AP = A(P*,MXI2P*,0))
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vx L g K : ’ 1
P ; y p’ .
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DIS inside the QGP: the scattering kernel §;

* Glauber-quark scattering kernel:
ty (£2) ,—
s _[1+(1—y)2]{2—2(305[go 6]}
, y (1—y+ny)qg—3,
_ £2) 5
. 1+y2(1_77)2 {Z—ZCOS [g(g )C ]}
| 1—-y(1+n) (21 — k1)?yq~
1+ (1 —y)2+ny2 - 1+ny)f5, —yk, - £, + kM?y*
(1—=»)*+ny( y)] [( ny)tsL — vk - €y +kM?y ]{2—2cos [géez)(_]}

i y (£5 + M2y?)],
2 1
=z — Ji =1 +ny)t,, —yk ]? + M?y?
y q- K 1+ (1=y) 1 ;’2 21 — YKy y
- (£2) _ 21
0 2y(1 —y)q~

n=—
£2J_



DIS inside the QGP: the scattering kernel §;

e Glauber-gluon scattering kernel:

£, 2 2 2.,4
q [+ @ =) £z + My (£3) 5—
o, = [ y (£3, + M2y?)? (1 = cosla” ]
P2 i 5 2L 2 2 2 2.,,4
LAt ny)®+ A -y +uy) {[(1 +ny)e3,. —yki]® + kM?y }
: y | Ji
1+ Q=02 +nyC = |[A +ny)5, — vk, -5 + kMPy* (2 - 205 (¢}
y i (45 + M?y?)], M
’gg 1 _ P k 2 2.,2
y =— K:1+(1_ E J1 = 1A +ny)ty, —yk, ]+ My
7{_ Y &) _ 05, + M?y?
N =—— "o 2y(-y)g”
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