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- Parton energy loss in medium

@ High energy partons travel through hot
QGP or cold nuclei (eA DIS process)

Energy loss mechanisms reveal medium
properties

medium induced vacuum

collisional energy loss e
radiative energy loss
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Radiative energy loss:assumptions

Approaches to radiative energy loss : BDMPS-Z, GLV,
AMY, SCET, High Twist

@ Scattering Center : Static or Dynamic?

Static: no energy transfer Extension of GLV to dynamic S.C.
(BDMPS-Z, GLV) Djordjevic,Heinz PRL 101,022302

Dynamic: both momentum and energy transfer

» Radiated Gluon : Soft or hard ?
Beyond soft appr. of GLV

z -+ 0 (BDMPS-Z, GLV) Blagojevic et al. arXiv:1804.07593
i, Beyond soft appr. of SCET
z finite Ovanesyan, Vitev JHEP 2011(6), 80

o Transverse momentum transfer k£ ;: smaller or same order 1,7?
k1 <l (High Twist)

k1 ~11
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Semi-inclusive Deeply Inelastic Scattering

o |epton-nucleus scattering
e(ly) + A(Ap) — e(ls) + h(ly) + Z
identify one hadron in final state

» cross section do and hadronic tensor W+

et gty ff O 1

d ImollS=E WY
e q* (P i (2)2 -
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Collinear Factorization for SIDIS

Factorization

Separate non-perturbative part (pdf, fragmentation function)
from perturbative part (hard scattering)

@ SIDIS process

Collinear factorization when final hadron [, | integrated

hadronic tensor
= dw*t”

S(0) o A %
th — /dﬂij (SIS)H(’%)DC]_)}L(Z}L)

f(x) nuclear quark distribution function

D, n(2n) quark fragmentation function

handbag diagram
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Factorization of Medium Induced Radiation

High Twist approach

Collinear factorization

XF Guo, XN Wang (2000) PRL 85(17), 3591
XN Wang and XF Guo (2001) Nucl. Phys. A 696, 788

AW

D(1)q dz d Y1l 2 —ik 1 (§ )
s o ) __._d =] d d* k L Yo |
th /Zh 5 q—h Zh/Z / yl y2 (27T) Y hG

1

i Al (O A (yy , Y21 JA T (W1 sl )Usly AR (k) y , yp Us » D, G, 2)

Collinear expansion of hard part

o : OH"™ !
Hg (kJ_vy » Y1 5 Y2 7p7Q7Z) :Hg (kJ_:O)‘l‘ By ]CJ_
% s ki < [ approximation

k, =0 contribute to ggel'inkofy initial nuclear quark PDF
k7 contribute zero for unpolarized beam
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Factorization of Medium Induced Radiation

o Generalized High Twist approach

YY Z, GY Qin, XN Wang

relax k1 <l without collinear expansion (s o e

factorize quark PDF and gluon PDF directly

it splitting function nucleon density
dWD(l)q Qg VO

e (L)
s H,uz/ q—h
a 27TCF T (0)(5L') QoW ¥11) ® g
(s olxi & CIfDaEJ_)
® f?(ﬂ?) 37 =g 2 k2
[ZJ_—(1—2>]€J_] ik

TMD gluon pdf
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TMD gluon distribution function

@ TMD gluon distribution function emerge from TMD
transport parameter ¢(k.)

; <d0>

color source density*average k broadening per scattering

L k2 4dra,Cs(R) -
i= | s N R 0 )

:/ é k)é G(k.1)

o(x, k1) emerge naturally

o) = [ o [ Py VR B, HOF G, y)lp

G(k,) ¢(az,/ﬁ) depend on the parton energy |~ and medium color source

energy p' (=<k’>) via x lenergy transfer via x
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Gluon Spectrum Result
summing up all the diagrams

N oasp+ kL T

I
I
|
I
I
|
X
I
|
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Gluon Spectrum Result

@ vacuum + medium induced radiation
interference

o left cut diagrams symmetric
to right cut diagrams
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Gluon Spectrum Result: Full Result

We get radiated gluon spectrum from the hadronic tensor

dW 5/ d
(1) % %
o g :/dxHég)(x) ?Dg_m(zh/z)/dliqu(x,z,li)

Quark-gluon correlation function Ty (z,z,13)

nuclear enhancement il
a1+ (1 —2)% 2ma; deL/ _/ 9 o
Dok~ d d”y .
qg 7T27_‘_ : N. (272 Y1 11p(Y1 > Y1L)
1 1
HE + 5 T §H}€)]

Gluon spectrum : probalibility of quark to radiate one gluon with
longitudinal momentum 2zq transverse momentum [,

AN ¢ i
glide (2
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Gluon Spectrum Result: Full Result

Ca’ old=tas ik ) vr. Ca¢(X2nr, k)
HD She 2 A e e z A
¢ { (I —ky)? k3 q(.’E—I-:IJL—I— z) e ft fq(x—l_xL)
¢ Al & 1L, e 2k
+ |t t ——=—+ ;Ji At
I Pi=k 2 [l 2bille BP0 2k ]2
e (lJ_ —]ﬂ_)-LlJ_ —Z_’/ﬂ_] Qb(CCL ‘|‘2CUT7]€J_) A(:IZ) ¢ ¥ energy transfer
ki)l ke k{ ;
oy CA +CAZJ_ (lj_—%l_) CA(ZJ_—]{J_) [ZJ_—Z]CJ_]
(ZJ_—ICL)Q 2 li(ll— L)2 2 (ZJ__]@_]_)2[ZL—Z]€_]_]2
TE A+ & ,E Y e 9y
QS( L k2T J—) ( B z )p+y1 ff(m_f_xL_'_?T)
i

s CA +CAZ_)J_'(Z_»J_—EJ_)+CA(TL_EJ_)'[Z_)J__ZEJ_]
(l_)J_—]ZJ_)Z 2 li(l_)_]_—]gj_)2 2 (ZJ_—]{T_]_)2[Z_)L—Z]2J_]2

e , L ; e i

D' s
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Gluon Spectrum Result: Contact Terms

There are contact terms, which are negligible. One kind of them

dNcontact T G (1—2) 27T043 d2]ﬂ /d /d
difde ¢ " f (4 20 2 Y1 y11p(yr sY11)

H contact [(9(3/— —y1 )0(—ys ) = ‘9(% — Y MGy Oy oy )9(_92_)}

The @ functions constrain the integration region
/dyfdyg_ 0y —y1)0(—y2 ) —O0ys — v )0y —yi ) — 0ys —u; JO(—13)]

(5 Y,
= / dy; / dyy
0 0

gives 0<vy, <y, <y ,quark and gluon comes from same
nucleon, no nuclear enhancement.

The other kind comes from right cut diagram, same integration
region 0 <y, <4y = i
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Gluon Spectrum Approximations

1. Static scattering center approximation:

no energy transfer for medium scattering

no X dependence in TMD gluon distribution function
1—=2

¢($L | . CIZT,E_]_) ~ ¢(CIZT,EJ_) Bz i o ¢(07EJ_)

{f;l(CEB 4+ 2 F Z—T) ~ flrp+zr) = f;l(CE'B)

%
; 9 4 il xT
eqU|Va|ent to . Qo> 2(1l—2) . 2(l—) Of i'B Eadr, — %
AN it as 1+ (1 —2)2 2ra; koL/ _/ o g Cy Cy COp
= d d o
dZdz 2r =2 N, GoEk L iy, 1) \ g = e
£l C 171 e L) — 2k
—I‘CA _*L J; S F__) _I_ b [_L < _L] _CA(J_ _L) LJ_ Z_) J_]
li(ll—kL)Q [ZJ_—Zk_]_]2 12 [ZJ_—ZkJ_] (ZL—]{_]_)2[Z_]_—ZIC_]_]2
C o FEal — 2k
e Ve SL HL)+C G st o cos|(zr + —Z)pty;]
(ZJ__]{'_]_)Q Z?L(ZJ_—]CJ_) lJ_—kJ_ Zk‘J_ <

i
111
1 1Z_)J_'[Z_)J_—ZEJ_] C Olﬂ_
+ | —2Cr—= — = = o coslzrpTy
( "B ONB[L 2Ky 12> ’ 1}
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Gluon Spectrum Approximations

2. Soft radiated gluon approximation:

the radiated gluon momentum fraction z—0

T N
di? dz _fé“(x) 2T Z N, (27)2 Y1 CRURISREL ik

1 1
(Hg)soft 4 _(Hl?)soft g _(H]l:g))soft]

i 2 2
; 5
O4i o 2r ki) T
D 28 z ’ A ML e A
Eor =\ \T=k? B (Jie tae + G L0
i ol e & or dE G
l_l_(lJ— = kil ki :
it EL il ,/Z ST - x
Ly i 2¢( L k2T L) s+ )pty; Az +o+ )
i k) i z
b g ky -1y ¢(1; xTang_)e_[(xL_|_w7T)p+yl—fA(x>
ZJ_<ZJ— 5% ]ﬂ>2 ki :
D 7D
(HL)SOﬁJ:”° (HL )soft:"'

no dependence on z except splitting function, f(f and @

JETSCAPE Workshop 2019 Results and Approximations

15/21



Gluon Spectrum Approximations

3. Static scattering + Soft radiated gluon approximation:

I.—12 - = A
xL | CUT,]‘CL) Qb(CUTakL) et e ¢(OakL) and z=>0

f ZEB+£UL+7T) f(iUBﬂLfI?L)%ff(fL’B)

: 2 h ke LT
equivalent to Q° > 55, ;7= , OF 7B > TL, — o a5 z—>0

the gluon spectrum is

staic SO S 1 1+ 2 S ko
CHEETHT U 2 L/@’yl/dyup 11)

dl* dz s 2

ok L (0, ]ﬁ)

e = (1—005:1: B )
T (o1 + ) =

—

oz, k1) non-perturbative
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Gluon Spectrum Approximations

3. Static scattering + Soft radiated gluon approximation:

A

TMD gluon pdf relation to transport parameter ¢

i oderan €5l d?k -
1= =0 [ HER0.ED)

A

One method : Static potential model to calculate ¢

Co(R)Co(T) 4mey . Casimir Ca(R) Cs(T)

<doi—=
d A t2

Mandelstam variable t

f CQ(R)CQ(T) 471'042 S k2 2
15 | dhs : t= k] + M

compare two ¢
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Gluon Spectrum Approximations

3. Static scattering + Soft radiated gluon approximation:

substitute ¢(0,%)into gluon spectrum, one get

sttatic+soft 3 02 (T)CA b (1 i Z)2 / koJ_ / i i
s d
dlidz TO NC P (27_‘_)2 Y1 p(yl )

A

Pl — k)2

1
§ Ful)?

(1 — cos|(xp, + ij)er?h_])

agrees with of GLV formalism at first order in opacity

|
W1 = \/§(a:'L + ;xT)er
arguments in Cosine function

ylozyl—yo’\“£
V2
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Gluon Spectrum Approximations
Numerical Results

Plot the integration kernel of gluon spectrum, for GLV
(or GHT static+soft) and GHT static

dN. ; S 1 ]. W 2 S
static+soft :7_‘_@ W Z s /d?h /d le_p yl 7le_)

dlidz 29T
dk2 ¢ 2k T RN (O
/ - ZA/dH = (1 — cos|(xp + _T)p+y1 ]) A 5 4
2@ 15 (M—lﬁ) 2 ki
dNgtatic Qs 1+ (1 - 2)% 27, dki C’A/ Zi C'4 . %
dZdz  2n /dyl /d hirly /2(2@2 e 0o ¢
—|—C—2F—|—CA kJ_ 5 _|_1ZJ_ [ZJ_—Z:ZCJ_]_CA(ZJ_—]CJ_>'£ZJ_—Z_’]€J_]
5 e kL) [z = zm N2 k] (L k1 )2[l — 2k, )?
y e [, — k) [0 2k
ok +Cy E . k1) Rk Ui [f L L. cosl(z + —Z)pty;]
(ZJ_—k'L)Q 12(1 k ) (ZJ_—k'L)Q[lL_Zk'L]Q <

L [ [ZJ_ 5 Z/ﬂ] Ca o0, EL)
—2C = = + == | cos[zrpTy
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Gluon Spectrum Approximations

. dN k1 yr x 12
Numerical Results dlidzdydaz s

y=4

z=0.2, GLV y z=0.5, GLV
z=0.2, GHT (w. static s.c.) z=0.5, GHT (w. static s.c.)
z=0.1, GLV ) z=0.2, GLV
z=0.1, GHT (w. static s.c.) z=0.2, GHT (w. static s.c.)

=
Ul
1

dN/(dI2dzdydx)
i—l
dN/(dIZ2dzdydx)

dN/(dIZ2dzdydx)

=== 7z=0.2, GHT (w. static s.c.) z=0.5, GHT (w. static s.c.)
— z=0.1, GLV z=0.2, GLV
=== 7z=0.1, GHT (w. static s.c.) ¥ z=0.2, GHT (w. static s.c.)

6 8 10 6 8 10
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Summary
@ Radiative energy loss in semi-inclusive DIS process

o Generalized High Twist Approach
- no soft radiated gluon approximation
- dynamic scattering center (energy transfer)
- relax k. <1, approximation, ki ~ {1
- transverse momentum dependent (TMD) gluon pdf
TMD transport parameter

o Relation of Generalized High Twist approach result
with GLV result

Further work
o implementation into CoLBT-Hydro Model, JETSCAPE

@ Investigate the gauge link (high order effect)
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