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Introduction

Jet Quenching Observables
e Full Jet Observables
e Large Transverse Momentum Meson

e Heavy Quark

proton-proton collision % lead-lead collision

quark
proton proton

quark

after the collisons
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Formalism in p+p Collisions

pQCD Improved Parton Model :

doh
PP = Z /dx dxpfy /(X 2)f (x 2)
2 a0Xply /pXay - )1p /p\Xbs 1
dyd?pr abcd
0 2
d& Dy (ze, %)
x 22 (ab = cd) LT L 0(0d) 1)
dt TZe
7 as the second well measured
e — meson compared to 7°.
10° 1
::104 L p+p—> n+X [ Ju=05-15p, ]
> NLO —1Lo C. A. Aidala, F. Ellinghaus, R. Sassot, J. P. Seele
Q107 k ----u=10p, E and M. Stratmann,
E v PHENIX data Phys. Rev. D 83, 034002 (2011)
"g 3 In AESSS parametrization because of the absence
=2 107 k of enough data on inclusive 1 productions, the n
o FFs can not be extracted separately for each quark
10° F flavor without additional assumptions, and the
10° assumption is made that all light quark
3 fragmentations are the same.
10"
1o L L L L L L L L
4 6 8 10 12 14 16 18
p.(GeV/c)

W. Dai, X. F. Chen, B. W. Zhang and E. Wang,

PLB(2015)
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Formalism in A+A Collisions

X. F. Chen, T. Hirano, E. Wang, X. N. Wang and
H. Zhang,

Phys. Rev. C 84, 034902 (2011)

Cross section of the single hadron in HIC collisions
could be expressed as:

Assume all the energy loss of a fast parton is that
carried away by the radiative gluon in the multiple
scattering processes, the corresponding parton

energy loss in the QCD medium can be expressed

1 doh =
V) e = 2 [ ot ate 1) 600, 1)
bin (D) dyd?pr S AE  Neas 2 (1+2)°
- — = —— [ dy dzdl3——F—
d B!z, @, E, b / T
X ;j (ab — cd)w + O(a§)~ %2) T r
dt TZe y—ez
N .2 T
X E,y)sin[————— 4
Gr(E,y) [4EX(172)] (4)

The effective modifications of parton FFs in hot
and dense medium:

The jet transport parameter §g (E, y) is related to

2 2 0 the parton density distribution in the medium,
“h 5 as( Q ) Q dé heref h - h luti di
Dq(zh» Q4 = (Zh7 Q? )+ / therefore can characterizes the evolutionary medium
properties.
x /1 dzz |:A'7q4>qg(z X, X1, [T)D (7 2) Hirano full three-dimensional(3+1D)ideal
Zh

. hydrodynamics has been employed.
2 h,“h 2
+ Bgossalex DML, @) )
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Nuclear Modification Factor in

W. Dai, X.

dohg/dyd®pr

Rag(b) = —7—2B8L 7 °°
NAB(b)daf, /dyd?pr

(5)

Questions:

® FEven 1) meson is 4 times heavier than 71'0, a

similar flat production suppression has been
observed at RHIC in this p1 range
independent of their mass?

® Can it be explained in one simple story that

parton jets loss their energies first in the
QCD medium and then fragment into
hadrons in the vacuum?

Therefore:

hadron production ratio has been measured.

/;0 and ¢ Meson Productions
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PLB(2015)

A-+A Collisions

F. Chen, B. W. Zhang and E. Wang,

I |
80 90 100

"PHENIX Data
,=0.8 GeV¥/fm
.0 GeV¥/fm

q,=1.7 GeV¥/fm
Au+Au 200 GeV(0-5%)

1,=0.6 fm

ool b b L
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n/7° ratio in A+A Collisions

W. Dai, X. F. Chen, B. W. Zhang and E. Wang,

Findings and more questions:

Confront with A. Morreale [ALICE Collaboration]
arXiv:1512.05250

® Simple story that parton jets loss their
energies first in the QCD medium and then
fragment into hadrons in the vacuum can
not explain everything.

® Similar trend could be seen at the RHIC
and LHC that with the in- creasing of pr ,
the /=0 ratio in A + A collisions comes
closer to the p + p curve, and at very larger
pT two curves coincide with each other.

® |n principle, a change of flavor compositions
of parton jets may affect the ratio of n/m
due to the fact that gluon jet suffers larger
energy loss than quark jet in QCD medium.

® \Why the increasing of the qg gives higher
ratio of 77/71-0 in A+ A?

PLB(2015)
T T T T Dt ‘A A T ]
ata,
2 ] Data, pip 7
L qﬂ=0.§>+(.7%\/E fm ]
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150 12 Gevim i
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05 L Pb+Pb 2.76 TeV (0-5%) 1,=0.6 fm 7
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® At very high pt region, Dg_sy, /D
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n and 7°

q—m0
at z, = 0.7 is approximately 0.5. (why
same as /70 rario?)

At high pT, quark FFs

Dq~>r,,7r0(zh7 Q = pr1) have a weak
dependence on z, and pt in the typical z,
region 0.4 — 0.7 for identified hadron
production
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FFs

W. Dai, X. F. Chen, B. W. Zhang and E. Wang,

PLB(2015)
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Re-write the The Hadron Yield

The hadron yield in p + p will be determined by two factors:
the initial (parton-)jet spectrum f; .(p7) and the parton
fragmentation functions D ,_,, -o(zh, pT).

1 dogo, PT dzp
R L/ pp— f.(—)-D _
pr dpr / q( Zh) q—)n,TrO(Zhva) le
PT dzp,
+ [ ) Dy ) (6)

Energy loss effect is to shift z, of quark FFs in vacuum.

10/19
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n/7° ratio only considering gluon and quark in p+p
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In the asymptotic region with py — oo:

Ran/a®) = 9o, 9%x0
dpt  dpT

S5 - Dasn(an pr)

- J fq(%) : Dq_,,rO(ZthT)%

~ Zquﬁn«Zh)’PT) (

The yields of both 0 and 7 should also
predominantly come from quarks.

At very high p region, the ratios of n/'rro

in both A + A and p + p should overlap
with the one in ete™ scattering, and
reach a universal value ~ 0.5.

4D, 0((zn)  PT) ’

/’0
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W. Dai, X. F. Chen, B. W. Zhang and E. Wang,

PLB(2015)
L e e e e e
i n-9 ]
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n/7° ratio only considering gluon and quark in p+p

® For the transverse momentum pr is not .
W. Dai, X. F. Chen, B. W. Zhang and E. Wang,

very high.
dz
o Jt(ZE) Dy, co(an p) S PLB(2015)
6" (pr) = = 2, -
4 900, I e e e e AR
pT  dpT P 9 ]
0.8] =
6™ (pr) ~ 6" (pr) i 1
pPT) = PT c 0.6 a
s F ]
in the pT region of 4 — 20 GeV. 5 [ 1
Thus, the flavor compositions or mixture of s 0.4 —
quarks and gluons in p + p have nearly [ ]
negligible effect. 02l 1
1 PT dzy :\/ ‘:
. W(pﬂffq(ﬁ)-[)qan(zmpﬂ¥ A H
= —-only Gluon
R/ = ff ( Y e Y
_ G" o7 q_,,ro Zhs PT Zi°5 -== only u-Quark
g 1
dz,
J fq(% Dq—»n(zthT)Th 1
“h
~ 0.20 ]
dz, [ RN AN AR IR PN B
J fq( pT) D, 0(zhs PT)Th
“h
GeV)
£(PL). D dzp, e
I (5 g%n(zhvﬂT)T%

£(PT) . o) %
s e(Z,) Dy yn0(2h PT) 2 2 12 /19
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® A najve expectation is that because gluon

may give larger n/7" ratio than quark
does, the larger suppression of %Iuons in the
QCD medium will reduce n/m", against
calculation.

The suppression of gluon in QCD medium
imposes a larger reduction of the yield of
70 than that of 7.

We emphasize that the identified hadron
yield in heavy-ion collisions relies on three
factors: the initial hard jet spectrum, the
energy loss mechanism, and parton
fragmentation functions to the hadron in
vacuum.
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W. Dai, X. F. Chen, B. W. Zhang and E. Wang,

PLB(2015)
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Quark fragmentation functions into members of
meson octet in terms of the SU(3) functions, o, 8
and . — H. Saveetha, D. Indumathi and S. Mitra,
Int. J. Mod. Phys. A 29, no. 07, 1450049 (2014)
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fragmenting K fragmenting K*0
quark quark
u a+ B+ %’y u 28+~
d 28 + v d a+ B+ 3y
s 2~ s 2~
fragmenting w/é fragmenting 0
¢ p
quark quark
u %a+§ﬁ+§'y u %a+%ﬁ+%{'y
d §a+§[3+§'y d §a+§ﬁ+%'\/
s ot gy s 2B+~
fragmenting 4 fragmenting —
P P
quark quark
u a+ B+ %’y u 2y
d 2y d a+ B+ 3y
s 28 + v s 28 4+
fragmenting e fragmenting K*—
quark quark
u 268 + v u 2y
d 2y d 28+
s a+ [+ %"/ s a+ [+ %'y
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p° and ¢ Productions in p+p Collisions at NLO

pQCD Improved Parton Model :

doh
P /dxadx £/ (xas 1)1, 2
b a2y 1) oy (X, 1)
ddePT abzcd a/p ’ /p ’
dé Dpc(ze; 1) s
X —(ab = cd) ——— + O(a)10)
dt Zc
B LV o I I A
----- PPPU=05p,
s o pHp =059, M. Hirai and S. Kumano,Comput. Phys. Commun.
107 . psTaR20Ge 183, 1002 (2012)

* 0 PHENIX 200 GeV' . . . PR
DGLAP evolution is considered to have the initial

Ed’c/d’p (mb GeVc)
2
&

3
5

FFs evolving with the scale Q2 at NLO

S
L

10°

o
107

®
o)
o

To be submitted (2016)
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p° and ¢ Productions

Ed’s/d’p (mb GeV2c?)

Pb+Pb->¢+X 2.76 TeV
0-5% 1=0.6 fm

—=-q,-1.8 GeV¥fm
—_ q -2.2 GeV¥fm
q -2.6 GeV/fm

ALICE Preliminary (0-5%) 1

To be submitted (2016)
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Pb-+Pb Collisions at NLO

Ed’s/d°p (mb GeV2c?)

107

O

Pb+Pb 2.76 TeV

0-5%

——q; —1.8 GeV¥fm
—_— q0 2.2 GeV/im
q,-2.6 GeVZ/fm

40
p_(GeV)

utlook
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p° and ¢ Productions in Au+Au Collisions at NLO

Au+Au->9+X 200 GeV Au+Au->¢+X 200 GeV

o
&

0-10% t=0.6 fm

—-q,=1.0 GeV/fm
—q,=1.2 GeV¥/fm

0-10% 1=0.6 fm

—q,=1.0 GeVZ/im
—_— q0 1.2 GeVZ/fm
s G =1.4 GeV/fm

S
b

S

9
©

Ed’s/d’p (mb GeV2c?)
Ed’s/d°p (mb GeV2c?)
=

s

_______ - —‘T:;f’f-x__ ¥ n° PSH Emoﬁo/oz T
S 70 PHENIX 0-10% El 5 0. % o E
< O CPHENIX 010% o Bas CNM effe ]
, - CNM effect : 1
o 00 0 ] 1
F 0
e : L L i
P, (GeV) P, (GeV)

To be submitted (2016)
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Outlook

At the asymptotic region when pr — oo the ratios of 1/7® in both
Au+ Au and p + p are almost determined only by quark jets
fragmentation and thus approach to the one in ete™ scattering.

The almost identical gluon (quark) contribution fractions to n and to 7
result in a rather moderate variation of /7° distribution at intermediate
and high pr region in A 4+ A relative to that in p + p;

A slightly higher 1/7° at small pr in Au+ Au can be observed due to
larger suppression of gluon contribution fraction to 7% as compared to
the one to 7.

Same framework to predict p° and ¢ meson.
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