
Systematic study of 
the energy loss in QGP 

at RHIC-PHENIX
Maya Shimomura 

for the PHENIX Collaboration

Nara Women’s Univ.

Feb. 10th 2023

Puerto Vallarta 



Contents

•Charged hadron energy loss
• Inclusive fractional momentum loss (Sloss)
•Azimuthal-angle-dependent Sloss

•Heavy flavor energy loss
•RAA

•V2

Feb/5/2023 WWND   Maya Shimomura/Energy Loss 2



Charged hadron energy loss
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Findings 1: Yield Suppression 

• High pT hadron suppression has been observed. 

RAA

Sloss

RAA: Nuclear modification factor
𝑅!! = "!!

#!! $""

RAA = 1 à No medium effects
✔ RAA < 1 à Suppression
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Findings 2: Fractional momentum loss (sloss)

Phys. Rev. C 93.024911 (2016) 𝑺𝐥𝐨𝐬𝐬 =
𝒑𝐓
𝐩𝐩 𝐬𝐜𝐚𝐥𝐞𝐝 − 𝒑𝐓𝐀𝐀

𝒑𝐓
𝐩𝐩(𝐬𝐜𝐚𝐥𝐞𝐝)

RAA

Sloss

• 𝑆!"## doesn't have strong dependence on pT.
• Larger 𝑆!"## is seen with larger reaction area which is coursed by more central collisions. 
• 𝑆!"## depends on 𝐿$, an effective radius of the collision. 

・ 60–70%
・ 50–60%
・ 40–50%
・30–40%
・20–30%
・0–10% 

Au+Au 𝒔𝑵𝑵 = 𝟐𝟎𝟎𝑮𝒆𝑽 𝝅𝟎

𝐿$(𝑓𝑚)

𝑆 !
"#
#

5

Phys. Rev. C.76.034904 (2007)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.024911
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.76.034904


Motivation RAA: Nuclear 
modification factor

𝑅'' = (!!
)!! *""

RAA = 1 à No medium effects
✔ RAA < 1 à Suppression

RAA

Sloss

Phys. Rev. C 93.024911 (2016) 
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𝑺𝐥𝐨𝐬𝐬: the fractional 
momentum loss

𝑺𝐥𝐨𝐬𝐬 =
𝒑𝐓
𝐩𝐩 𝐬𝐜𝐚𝐥𝐞𝐝 − 𝒑𝐓𝐀𝐀

𝒑𝐓
𝐩𝐩(𝐬𝐜𝐚𝐥𝐞𝐝)

To understand Sloss behavior better, 
we study the dependence of the size, density, and 
azimuthal angle of the reaction region in AA 
collision. WWND   Maya Shimomura/Energy Loss

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.024911


Sloss, Sloss,in and Sloss,out
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Inclusive	pT loss	 pT loss	depending	on	azimuthal	angle	
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Analysis procedure

Feb/5/2023 8

①A+A
in-plane

𝑝#
$$,&'( 𝑝#

(GeV/c)

𝑁)&** scaled pp data

𝑝#
$$

②energy loss
𝒑𝑻
𝒑𝒑 − 𝒑𝑻

𝐀𝐀,𝐢𝐧

𝑝#
$$,01

①A+A
out-of-plane

𝑑2
𝑁

𝑑𝑝
#
𝑑𝑦

(c
/G
eV
)

②energy loss
𝒑𝑻
𝒑𝒑 − 𝒑𝑻

𝐀𝐀,𝐨𝐮𝐭

① In-plane spectra and out-of-plane spectra in A+A collision
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② The fractional momentum loss, 𝑆+(,,,%&(𝑆+(,,,()*), of in-plane (out-of-
plane) using 𝑁.(++ scaled pp data and in-plane spectra (out-of-plane 
spectra) in A+A collision
l The fractional momentum loss of in-plane:

𝑆+(,,,%& =
##
$$/##

%%,'(

##
$$

l The fractional momentum loss of out-of-plane:
𝑆+(,,,()* =

##
$$/##

%%,)*+

##
$$

azimuthal distribution of generated particle )* :
):

∝ 1 + 2𝑣;cos2𝜙

out-of-plane

in-plane

反応平面

反応領域Reaction area

Reaction plane
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Parameters
Lin, Lout, L  by Glauber MC 
- Calculate the the distance from 
the collision center to the edge of 
reaction area. Reaction area is 
defined by participant distribution. 
l In-plane path-length ：𝑳𝒊𝒏
l Out-of-plane path-length ：𝑳𝒐𝒖𝒕
l path-length: 𝐿 = 5'(65)*+

'
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- Calculate 𝑑𝑁.7/𝑑𝜂 of in-plane and 
out-of-plane

• in-plane (𝜙 = 0°)
0!",-
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= !",-

!8
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- Calculate the azimuthal distribution of participant

)*%&'(
): vs. 𝜙 (𝜙 = 𝜙<=>? −Ψ@A)

𝜙$)*+: azimuthal angle of participant
Ψ,-: azimuthal angle of reaction plane

lin-plane 𝑁9:;* ∝ 𝑵𝐩𝐚𝐫𝐭,𝒊𝒏
lout-of-plane 𝑁9:;* ∝ 𝑵𝐩𝐚𝐫𝐭,𝒐𝒖𝒕

!"
!"
#$
	/!
%!!"#$,&'$

!!"#$,()
*

!x

y

Feb/5/2023 WWND   Maya Shimomura/Energy Loss
9



Feb/5/2023 WWND   Maya Shimomura/Energy Loss 10

• Central Arms
• |y|<0.35, f~2×p/2

• Electrons, g, hadrons

• DC, PC, RICH, 
EMCAL,TOF

• Muon Arms
• 1.2~|y|<2.2, f~2×p/2

• Muons, Hadrons

• VTX-FVTX

• Precise tracking for HF-ID

µ-
µ+

e+

e-

EMCAL
TOF 
RICH
PC
DC

MuID
MuTr

PHENIX Detector

µ
-

µ
+ e

+

e
-

EMCAL
TOF 
RICH
PC
DC

MuIDMuTr

VTXFVTX FVTX
VTX & FVTX

PHENIX completed the data taking in 2016.
The data production completed.
Analyses are ongoing. 



Result : Sloss vs. pT
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Collision size and density difference 

• No significant difference in the 
tendency of 𝑝L dependence of 𝑆MNOO
between Cu+Au and Au+Au.

Particle species difference

• No significant difference in 𝑆MNOO
between charged hadrons and 𝜋Ps.
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Cu + Au
Au + Au

√sNN=200GeV



Sloss vs. L, Npart at Cu+Au, Au+Au, Cu+Cu

Feb/5/2023 12

0 100 200 300 400 500 600
partN

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

lo
ss

S  / ndf 2χ  1.731 / 14
p0        0.1155± 0.06036 
p1        0.2402± 0.3047 
p2        0.1944±0.1525 − 

 / ndf 2χ  1.731 / 14
p0        0.1155± 0.06036 
p1        0.2402± 0.3047 
p2        0.1944±0.1525 − 

Cu+Au 8.24GeV/c
Au+Au PRC93.024911 8.21GeV/c
Cu+Cu PRC93.024911 8.27GeV/c

 < 9GeV/c
T

 p≤8GeV/c 

=200GeVNNs 0π

0 100 200 300 400 500 600
partN

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

da
ta

/fi
t 0 100 200 300 400 500 600

partN
0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25 
lo

ss
S

 / ndf 2χ  1.766 / 14
p0        0.09944± 0.05534 
p1        0.2306± 0.3222 
p2        0.1755±0.1486 − 

 / ndf 2χ  1.766 / 14
p0        0.09944± 0.05534 
p1        0.2306± 0.3222 
p2        0.1755±0.1486 − 

Cu+Au 7.24GeV/c
Au+Au PRC93.024911 7.15GeV/c
Cu+Cu PRC93.024911 7.18GeV/c

 < 8GeV/c
T

 p≤7GeV/c 

=200GeVNNs 0π

0 100 200 300 400 500 600
 partN

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

da
ta

/fi
t 0 100 200 300 400 500 600

partN
0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

lo
ss

S  / ndf 2χ  1.439 / 14
p0        0.04127± 0.02693 
p1        0.2146± 0.4154 
p2        0.09617±0.08961 − 

 / ndf 2χ  1.439 / 14
p0        0.04127± 0.02693 
p1        0.2146± 0.4154 
p2        0.09617±0.08961 − 

Cu+Au 6.24GeV/c
Au+Au PRC93.024911 6.10GeV/c
Cu+Cu PRC93.024911 6.28GeV/c

 < 7GeV/c
T

 p≤6GeV/c 

=200GeVNNs 0π

0 100 200 300 400 500 600
partN

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

da
ta

/fi
t0 1 2 3 4 5 6 7 8 9 10

L(fm)
0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

lo
ss

S

 / ndf 2χ  1.052 / 4
p0        0.002382± 0.004808 
p1        0.2718± 1.916 

 / ndf 2χ  1.052 / 4
p0        0.002382± 0.004808 
p1        0.2718± 1.916 

 / ndf 2χ  8.817 / 14
p0        0.2827± 0.09738 
p1        0.9874± 0.7254 
p2        0.4059±0.2012 − 

 / ndf 2χ  8.817 / 14
p0        0.2827± 0.09738 
p1        0.9874± 0.7254 
p2        0.4059±0.2012 − 

Cu+Au 8.24GeV/c
Au+Au PRC93.024911 8.21GeV/c
Cu+Cu PRC93.024911 8.27GeV/c

 < 9GeV/c
T

 p≤8GeV/c 

=200GeVNNs 0π

0 1 2 3 4 5 6 7 8 9 10
L(fm)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

da
ta

/fi
t 0 1 2 3 4 5 6 7 8 9 10

L(fm)
0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25 
lo

ss
S

 / ndf 2χ  0.8409 / 4
p0        0.002052± 0.004305 
p1        0.2607± 2.003 

 / ndf 2χ  0.8409 / 4
p0        0.002052± 0.004305 
p1        0.2607± 2.003 

 / ndf 2χ  6.108 / 14
p0        0.1879± 0.0896 
p1        0.7346± 0.7751 
p2        0.2812±0.1968 − 

 / ndf 2χ  6.108 / 14
p0        0.1879± 0.0896 
p1        0.7346± 0.7751 
p2        0.2812±0.1968 − 

Cu+Au 7.24GeV/c
Au+Au PRC93.024911 7.15GeV/c
Cu+Cu PRC93.024911 7.18GeV/c

 < 8GeV/c
T

 p≤7GeV/c 

=200GeVNNs 0π
=200GeVNNs, 0π

0 1 2 3 4 5 6 7 8 9 10
L(fm) 

0
0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2

da
ta

/fi
t 0 1 2 3 4 5 6 7 8 9 10

L(fm)
0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25

lo
ss

S  / ndf 2χ  0.4288 / 4
p0        0.00201± 0.004154 
p1        0.2645± 2.015 

 / ndf 2χ  0.4288 / 4
p0        0.00201± 0.004154 
p1        0.2645± 2.015 

 / ndf 2χ  4.594 / 14
p0        0.0848± 0.05238 
p1        0.6193± 0.9636 
p2        0.1505±0.1343 − 

 / ndf 2χ  4.594 / 14
p0        0.0848± 0.05238 
p1        0.6193± 0.9636 
p2        0.1505±0.1343 − 

Cu+Au 6.24GeV/c
Au+Au PRC93.024911 6.10GeV/c
Cu+Cu PRC93.024911 6.28GeV/c

 < 7GeV/c
T

 p≤6GeV/c 

=200GeVNNs 0π

0 1 2 3 4 5 6 7 8 9 10
L(fm)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

da
ta

/fi
t

Different collision size and density

• No significant difference in
the tendency of 𝑆)*++
between Cu+Au,  Au+Au, 
and Cu+Cu.

• 𝑆)*++ draws one curve as a 
functions of 𝑁,-./ better 
than L with different 
collision systems. 

* Similar results for the measured 𝑝B regions (4-10GeV/c).

à How about looking at more details such as angle dependent Sloss
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Sloss ,Sloss,in Sloss,out vs. L
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*Similar results for the measured 𝑝@ regions (4-10GeV/c)

Sloss of in-plain and out-of-plain 
- have similar tendency. 
- but, doesnʼt follow the same curve 

as a function of L. 

All three have different curves. 
WWND   Maya Shimomura/Energy Loss
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Sloss ,Sloss,in Sloss,out vs. L, dNch/d𝜂
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*Similar results for the measured 𝑝@ regions (4-10GeV/c)

Same as L, 
these three Sloss have 
similar trend but doesnʼt 
follow the same curve 
as a function of dNch/d𝜂. 
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*Similar results for the measured 𝑝@ regions (4-10GeV/c)
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 • 𝑆./00, 𝑆./00,23, 𝑆./00,/45 follow a curve most as a functions of Npart .
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*Similar results for the measured 𝑝@ regions (4-10GeV/c)

• 𝑆MNOO, 𝑆MNOO,ST, 𝑆MNOO,NUV draw a curve as a functions of 𝑁WXYV better than L and dN/d𝜂. 
à indicates the importance of initial particle density dependence. 
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Fitting function
𝑓 𝑥 = 𝑝0 ∗ 𝑥#A + 𝑝2



Heavy flavor energy loss
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Why heavy flavor,  bottom & charm ?
• b and c are mainly created by initial collisions at RHIC energy 

- Production can be calculated by pQCD

• Their pT and angular distributions can be modified in QGP
• Suffer energy loss and flow effects –
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Mb~4.5GeV
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LQCD ~200MeV

>>

Modification of Heavy flavor shows the property of QGP

b
c
c

c
c

c
c

b

Au

Au

time scale

interaction with QGP
~0.3-1fm/c ~5 fm/c~0.02 ~0.08

e

X
ν

~  120 μm/c

decays

π-

p

π+

~ 460 μm/c

QQ

b
c

cc

c
c

c

u

u

u

u

u
d

d

d

s

d

s
E loss

Flowb



𝑅.. =
𝑌𝑖𝑒𝑙𝑑(𝐴𝑢 +𝐴𝑢)

𝑁𝑐𝑜𝑙𝑙 ∗ 𝑌𝑖𝑒𝑙𝑑(𝑝 + 𝑝)

PRC.93.034904 (2016)

Findings1 : Heavy flavor suppression

• PHENIX observes strong 
suppression of hf electron. 

• Successfully separated b and c 
components. 
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Bottom and charm separation 
• Au+Au 200 GeV in 2014

• 17 B events = 3 times larger than 2011

• Electrons from charm and bottom 
hadron decays

• Charm and bottom separation using 
the distance-of-closest-approach 
(DCA) and pT distribution

• Bayesian unfolding method:
• Separates charm and bottom 

contribution in electrons
• Extract charm and bottom hadron yields
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𝑅.. =
𝑌𝑖𝑒𝑙𝑑(𝐴𝑢 +𝐴𝑢)

𝑁𝑐𝑜𝑙𝑙 ∗ 𝑌𝑖𝑒𝑙𝑑(𝑝 + 𝑝)

PRC.93.034904 (2016)

Findings2 : HF Mass dependence of suppression 
• Both are suppressed at high pT

• RAA(b) ~ RAA(c ) < 1 at high pT
• B is less suppressed at low pT

• RAA(b) > RAA(c ) at low pT
• Consistent with the expected mass 

ordering 
• DEg > DEu,d,s > DEc > DEb

• Radiative loss @ high pT
• Coll. & Rad. loss @ low pT

• To understand energy loss of the mass 
dependence more, we need systematic 
study
• Centrality dependence
• Azimuthal anisotropy
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Updated p+p baseline : Bottom Electron Fraction
PRD 99, 092003 (2019) PRD 99, 092003 (2019)

• New p＋p baseline of bottoms and charms available w/ pT = 1~8 GeV/c



Charm and Bottom Electron yields in Au+Au
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arXiv:2203.17058 arXiv:2203.17058

• Yields in Au+Au are measured in MB, 0-10, 10-20, 20-40, 40-60%
• Show the difference from p+p scaled by TAA at high pT



RAA(b®e) & RAA(c®e) in Au+Au 200GeV

• Nuclear modification factor RAA 
• Broad pT range : 1 – 8 GeV/c
• Smaller uncertainty with new p+p

baseline

• Low pT : RAA(b->e) ~ RAA(c->e) = 1
• Mid pT : RAA(b->e) > RAA(c->e)  
• High pT:  RAA(b->e) ~ RAA(c->e) < 1  

• pT dependence  and mass 
dependence are seen.
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Charm and Bottom hadron RAA

Feb/5/2023 25

arXiv:2203.17058
• Our unfolding method provides parent 

charm and bottom hadron yields.
• Charm and bottom hadron RAA show 

same trend.
• No clear difference between c/b and 

u/d at high pT
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Centrality dependence of RAA(b®e) & RAA(c®e)

Centrality dependence of the energy loss is seen as expected.

Feb/5/2023 26

arXiv:2203.17058 arXiv:2203.17058

c and b are different and suppressed. c and b are similar and less suppressed. 



Charm and Bottom RAA vs. Npart

Centrality and pT dependence are observed 
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arXiv:2203.17058

RAA(c®e) ~ RAA(b®e) ~ 
1

RAA(c®e) < RAA(b®e) 
~ 1 RAA(c®e) ~ RAA(b®e) 

< 1
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Comparison with Models
• 3 models

• DGLV (Phys. Rev. C 90 034910) 
• E-loss + plasma w/ static potentials

• SUBATECH (Phys. Rev. C 78 014904)
• : E-loss + running coupling

• T-Matrix + diffusion (2pTD=4) (Phys. Rev. 
Lett. 100 192301)
• Strongly coupled QGP 

• E-loss models agree with data at high pT
• At low pT

• b models underestimates the data
• c models slightly higher than data

arXiv:2203.17058



v2c(c®e) and v2b(b®e) in Au+Au 200GeV
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v2c(c®e) 

v2b(b®e)

• v2 (c ® e) is positive with ~3.5 sigma
• v2(b ® e) indicates positive with 1.1 sigma
• Mass ordering is seen--> consistent with energy loss expectation. 



Summary 
• To study energy loss in QGP, we measured Sloss, Sloss,in, Sloss,out for 
𝜋0, h and RAA and v2 for separated c, b electrons. 

• No significant difference of the tendency on 𝑝: dependence of 𝑆;<==
between Cu+Au and Au+Au and between 𝜋0 and h. 

• 𝑆;<==, 𝑆;<==,>?, 𝑆;<==,<@A vs. Npart follow a curve better than L and dN/d𝜂. The 
initial particle density has important role. 

• RAA and v2 for separated c,b electron show mass, pT and centrality 
dependence, and the energy loss signal can be seen as expected.  

• At high pT, more energy loss and larger v2 are seen with smaller mass ( c 
more than b). 

• No clear RAA difference have been seen (yet?) between lf hadrons 
and hf hadrons. Need more study. 
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Back Up
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Sʼloss without pp collisions
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 / ndf 2χ  31.37 / 4
p0        0.0009172± 0.00124 
p1        0.2363± 1.228 

 / ndf 2χ  31.37 / 4
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More detailed study about the function for 𝑆′+(,, is 
needed.



RAA(b®e) & RAA(c®e) comparison with STAR 0-80%
• PHENIX MB and STAR 0-80% 

are in good agreement within 
uncertainties
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𝑆/011 =
𝑝2
33(𝑠𝑐𝑎𝑙𝑒𝑑) −𝑝2..

𝑝2
33(𝑠𝑐𝑎𝑙𝑒𝑑)

• 𝑆!"## for π0s in Cu+Au is almost constant up to 𝑝1 ~12 GeV and decreases at higher 𝑝1.
• 𝑆!"## decreases as centrality increases. 
• 𝑆!"## vs. 𝑝1 shows the same tendency in Au+Au, Cu+Cu, and Cu+Au.asymmetric collisions
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• 𝑆′!"## for h±s and 𝜋0s slightly decrease up to 𝑝1 ~6 GeV and seems to be almost constant at 
higher 𝑝1.

• 𝑆′!"## increases as centrality increases. 
• There is no significant difference between ℎ±s and 𝜋0s.
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• 𝑆!"## is proportional to L3 for both ℎ±s and 𝜋0s, and it is common in Au+Au, Cu+Cu, 
and Cu+Au.

• It implies the gluon radiation loss is dominant.
S +
(,
,

𝑆"#$$ vs. 𝐿(
(ℎ±(Au+Au), 𝜋&(Cu+Au))

𝑆/011 =
𝑝2
33(𝑠𝑐𝑎𝑙𝑒𝑑) −𝑝2..

𝑝2
33(𝑠𝑐𝑎𝑙𝑒𝑑)

𝐿9 =
𝐿078 + 𝐿56

2

9

Phys. Rev. 
C 93.024911

(2016) 

𝐿'(𝑓𝑚') 𝐿'(𝑓𝑚')

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.024911
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.024911
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.93.024911
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∆𝐿9 = 𝐿0789 − 𝐿569
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• 𝑆′!"## is not proportional to 𝐿"453 − 𝐿673 .
• There is no significant difference between ℎ±s and 𝜋0s within uncertainty.

New!

New!

S′
)*
++

𝑆′GHII exhibits a different tendency from 𝑆GHII! 

∆𝐿'(𝑓𝑚')



𝑺𝐥𝐨𝐬𝐬,𝐢𝐧, 𝑺𝐥𝐨𝐬𝐬,𝐨𝐮𝐭 vs. 𝒑𝑻

Different azimuthal angle

• The fractional momentum loss are 
different in the different azimuthal angle.

• Difference in the fractional momentum 
loss due to azimuthal angle, not seen in 
𝑆)*++.

• The geometric anisotropy contributes to 
the energy loss mechanism in the QGP.
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Systematic uncertainty from the caliculation of 𝑁>?@5,23𝑁>?@5,/45
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𝑺𝐥𝐨𝐬𝐬,𝐢𝐧, 𝑺𝐥𝐨𝐬𝐬,𝐨𝐮𝐭 𝒗𝒔.𝑵𝐩𝐚𝐫𝐭

• 𝑁!"#$,&', 𝑁!"#$,()$ 𝑎𝑛𝑑 𝑁!"#$ doesnʼt depend on the width of azimuthal bin. 

width=J
K

• With different Npart,in-out width of 
the calculation

• No significant different of 𝜒2/𝑛𝑑𝑓



Sʼloss without pp collisions
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Sloss depend	on	azimuthal	angle
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Sʼloss (not use pp collision) 
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p1: f(x)=p0*x0πfit finction for 

𝑆′+(,, is roughly proportional to 𝐿()*' − 𝐿%&' .
More detailed study about the function for 𝑆′+(,, is 
needed.
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Methods
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<𝑺𝐥𝐨𝐬𝐬,𝐢𝐧, 𝑺𝐥𝐨𝐬𝐬,𝐨𝐮𝐭>
① In-plane spectra and out-of-plane spectra in A+A 

collision
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)+:), NO
= )!*

)+"),
× 1 + 2𝑣;

out-of-plane (𝜙 = 90°)
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)+"),
× 1 − 2𝑣;

② The fractional momentum loss, 𝑆CDEE,NO(𝑆CDEE,DP?), of in-
plane (out-of-plane) using 𝑁QDCC scaled pp data and in-
plane spectra (out-of-plane spectra) in A+A collision

l The fractional momentum
loss of in-plane:
𝑆CDEE,NO =

+"
%%R+"

;;,<=

+"
%%

l The fractional momentum
loss of out-of-plane:
𝑆CDEE,DP? =

+"
%%R+"

;;,>?(

+"
%%

azimuthal distribution of generated particle 78 9
79

∝ 1 + 2𝑣2cos2𝜙

<𝑺𝐥𝐨𝐬𝐬>
① scale spectra in p+p by binary collision number 

(𝑁QDCC)
② get the fitting function of the scaled p+p spectra
③ The fractional momentum loss, 𝑆CDEE, using the 

scaled pp data and spectra in A+A collision

l The fractional momentum loss:
𝑆CDEE =

+"
%%R+"

;;

+"
%%

𝑑2
𝑁

𝑑𝑝
#
𝑑𝑦

(c
/G
eV
)

𝑝#(GeV/c)

p+p data

𝑝#$$ 𝑝#
::

① ×𝑁)&** ②fi6ng func7on

A+A data

③energy loss
𝒑𝑻
𝒑𝒑 − 𝒑𝑻𝑨𝑨
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l𝑺𝐥𝐨𝐬𝐬: the fractional momentum loss 
of high-𝒑𝐓 hadrons 

𝑺𝐥𝐨𝐬𝐬 =
𝒑𝐓
𝐩𝐩 𝐬𝐜𝐚𝐥𝐞𝐝 − 𝒑𝐓𝐀𝐀

𝒑𝐓
𝐩𝐩(𝐬𝐜𝐚𝐥𝐞𝐝)

1. 𝑆;<== does not strongly depend on 
𝑝:, decreases as centrality 
increases.
(Phys. Rev. C. 93. 024911 (2016))

2. 𝑆;<== increases with 𝐿O, an effective 
radius of the collision. (Phys. Rev. 
C. 76. 034904(2007))

0 2 4 6 8 10 12
L(fm)

0.1−

0.05−

0

0.05

0.1

0.15

0.2

0.25  
lo

ss
S

 / ndf 2χ  1.046 / 4
p0        0.002014± 0.004221 
p1        0.2599± 2.006 

 / ndf 2χ  1.046 / 4
p0        0.002014± 0.004221 
p1        0.2599± 2.006 

Cu+Au 7.24GeV/c
Au+Au PRC93.024911 7.15GeV/c
Cu+Cu PRC93.024911 7.18GeV/c

 < 8GeV/c
T

 p≤7GeV/c =200GeVNNs 0π

fit function for Au+Au:
p1f(x)=p0*x
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