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𝑁𝑐𝑜𝑙𝑙 − average number of inelastic binary
nucleon-nucleon interactions for the given centrality

𝑅𝐴𝐵 𝑝𝑇 =
1
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1. Nuclear modification factor:

𝑆𝑙𝑜𝑠𝑠 =
∆𝐸

𝐸𝑖𝑛
⇒

QGP effects => jet quenching => a parton loses its energy while going through QGP 
=> decreasing of the yields of the leading hadrons in a jet

2. Effective fractional parton energy loss

∆𝐸 = 𝑓 𝐸𝑖𝑛, 𝑀, 𝑇, 𝛼𝑠, 𝐿

𝑝𝑇 𝑝𝑇
𝑝𝑝

 − average transverse momentum of hadrons in A+B 
(p+p) collisions at fixed invariant yield

19.09.2025

Integral energy loss  :

𝑝𝑇 , 𝑚, ε ≳ 𝑄0 = 𝒪 1 𝐺𝑒𝑉 ≫ Λ𝑄𝐶𝐷 ≈ 0.2𝐺𝑒𝑉

The production of partons (quarks and gluons) as a 
result of hard scattering of nucleons:

Quark-gluon plasma. Jet quenching.

∆𝐸= ∆𝐸coll + ∆𝐸𝑟𝑎𝑑

∆𝐸coll ∆𝐸𝑟𝑎𝑑

[d’Enterria, D. (2010). 6.4 Jet quenching. In: Stock, R. (eds) Relativistic Heavy Ion Physics. Landolt-Börnstein - Group I Elementary 
Particles, Nuclei and Atoms, vol 23. Springer, Berlin, Heidelberg]
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Relationship between 𝑅𝐴𝐵  and 𝑆𝑙𝑜𝑠𝑠

If the spectra of 𝜋0 in nucleus-nucleus collisions are parallel to the spectra of 𝜋0 in proton-proton 
collisions (at least in some area of transverse momentum):

𝑺𝒍𝒐𝒔𝒔 𝒑𝑻 = 𝟏 − 𝑹𝑨𝑩

𝟏

𝒏−𝟐 𝒑𝑻 ≈ 𝑐𝑜𝑛𝑠𝑡(𝑝𝑇)

∆𝑝𝑇

𝑝𝑇
≈ 𝑐𝑜𝑛𝑠𝑡

In many centrality classes, the 
nuclear modification factor is a 
constant with good accuracy 
at 𝑝𝑇 > 4    𝐺𝑒𝑉/𝑐.
Spectra are parallel.

𝑑∆𝑝𝑇

𝑑𝑝𝑇
≈ 𝑐𝑜𝑛𝑠𝑡 (𝑝𝑇 > 4 𝐺𝑒𝑉/𝑐)

1

2𝜋𝑝𝑇

𝑑2𝑁

𝑑𝑝𝑇𝑑𝑦
∝ 𝑝𝑇

−𝑛
Based on [PRC 102, 064905 
(2020)] and [PRC 98, 054903 
(2018)]

[PRC 76, 034904 (2007)] 

19.09.2025

𝜋0, 𝜂 < 0.35, 𝑠𝑁𝑁 = 200 𝐺𝑒𝑉
𝜋0, 𝜂 < 0.35, 𝑠𝑁𝑁 = 200 𝐺𝑒𝑉

1

2𝜋𝑝𝑇

𝑑2𝑁

𝑑𝑝𝑇𝑑𝑦
∝ 𝑝𝑇

−𝑛
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Dependence of 𝑆𝑙𝑜𝑠𝑠 on centrality for 𝜋0 in Cu+Au and U+U 
collisions

𝑺𝒍𝒐𝒔𝒔(𝑵𝒑𝒂𝒓𝒕) = 𝟏 − 𝑹𝑨𝑩 𝑵𝒑𝒂𝒓𝒕

𝟏
𝒏−𝟐

 

𝑁𝑝𝑎𝑟𝑡 – the average number of nucleons that 
have experienced at least one inelastic 
collision.

Approximation:

𝑺𝒍𝒐𝒔𝒔 ≈ 𝒌𝑵𝒑𝒂𝒓𝒕
𝟐/𝟑

𝑘 – free parameter

∆𝐸 ∝
1

ดA⊥

∝𝑁𝑝𝑎𝑟𝑡
2/3

×
ถ

𝑑𝑁𝑔

𝑑𝑦

∝
𝑑𝑁𝑐ℎ

𝑑𝑦 ∝𝑁𝑝𝑎𝑟𝑡

× ณ𝐿

∝𝑁𝑝𝑎𝑟𝑡
1/3

∝ 𝑁𝑝𝑎𝑟𝑡
2/3

7.47 < 𝑝𝑇
𝑝𝑝

 < 8.21 GeV/𝑐

𝒔𝑵𝑵 = 193 GeV 𝜋0

𝒔𝑵𝑵 = 200 GeV 𝜋0 Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟎𝟓𝟎𝟏

Τ𝜒2 𝑛𝑑𝑓 = 0.344

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟖𝟎𝟏

19.09.2025

The values of 
𝑅𝐴𝐵 for Au+Au
are taken from
[PRC 87, 034911 

(2013)] to 

calculate the 𝑆𝑙𝑜𝑠𝑠

value for Au+Au

𝒔𝑵𝑵 = 200 GeV 𝜋0 Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟒𝟑𝟎
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• The region of nuclear overlap is azimuthally asymmetric with 
respect to the angle 𝛹𝑅𝑃

• The path-length of a parton in QGP, color charge density and 
other characteristics are anisotropic => different energy losses

• Angular distribution of particles:
𝑑𝑁

𝑑𝜑
∝ 1 + ෍

𝑛=1

∞

2𝑣𝑛 cos 𝑛 𝜑 − 𝛹𝑅𝑃

• The main contribution to the anisotropy –  second harmonic – 
elliptic flow 𝑣2

• Energy losses and particle yields depend on the azimuthal angle 
[PRC 76, 034904 (2007)] :

𝑹𝑨𝑩 𝒑𝑻, ∆𝝋 ≈ 𝟏 + 𝟐𝒗𝟐 𝒑𝑻 𝒄𝒐𝒔 𝟐∆𝝋 𝑹𝑨𝑩 𝒑𝑻

𝑺𝒍𝒐𝒔𝒔 𝒑𝑻, ∆𝝋 = 𝟏 − 𝑹𝑨𝑩

𝟏
𝐧−𝟐 𝒑𝑻, ∆𝝋

• Naïve expectations:
• Losses should be minimal in the reaction plane ∆𝜑 = 0°
• If ∆𝜑 = 90° losses should be maximal

Anisotropy of colliding nuclei

19.09.2025

out-of-plane

in-plane

5



Dependence of 𝑆𝑙𝑜𝑠𝑠 of 𝜋0 on ∆𝜑  in U+U and Cu+Au collisions

𝝅𝟎 → 𝜸𝜸, 𝑼 + 𝑼, 𝒔𝑵𝑵 = 𝟏𝟗𝟑 GeV
η < 𝟎. 𝟑𝟓

𝟓 < 𝒑𝑻 < 𝟔 GeV/c

𝝅𝟎 → 𝜸𝜸, 𝑼 + 𝑼, 𝒔𝑵𝑵 = 𝟏𝟗𝟑 GeV
η < 𝟎. 𝟑𝟓

𝟔 < 𝒑𝑻 < 𝟖 GeV/c

19.09.2025

𝝅𝟎 → 𝜸𝜸, 𝑪𝒖 + 𝑨𝒖, 𝒔𝑵𝑵 = 𝟐𝟎𝟎 GeV
η < 𝟎. 𝟑𝟓

𝟔 < 𝒑𝑻 < 𝟖 GeV/c

𝝅𝟎 → 𝜸𝜸, 𝑪𝒖 + 𝑨𝒖, 𝒔𝑵𝑵 = 𝟐𝟎𝟎 GeV
η < 𝟎. 𝟑𝟓

𝟓 < 𝒑𝑻 < 𝟔 GeV/c

The anisotropy of 𝑆𝑙𝑜𝑠𝑠 ↑ if 𝑁𝑝𝑎𝑟𝑡 ↓𝑆𝑙𝑜𝑠𝑠 ↑ if ∆𝜑 ↑ as expected 𝑆𝑙𝑜𝑠𝑠 ↑ if𝑁𝑝𝑎𝑟𝑡 ↑
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Comparison of 𝑆𝑙𝑜𝑠𝑠(∆φ) in different systems at close 𝑁𝑝𝑎𝑟𝑡

19.09.2025

𝑁𝑝𝑎𝑟𝑡
𝐶𝑢𝐴𝑢 = 177.2 ± 5.2

𝑁𝑝𝑎𝑟𝑡
𝐴𝑢𝐴𝑢 = 167.6 ± 5.8

𝑁𝑝𝑎𝑟𝑡
𝑈𝑈 = 159.4 ± 3.7

𝑁𝑝𝑎𝑟𝑡
𝐶𝑢𝐴𝑢 = 80.4 ± 3.3

𝑁𝑝𝑎𝑟𝑡
𝐴𝑢𝐴𝑢 = 76.2 ± 5.5

𝑁𝑝𝑎𝑟𝑡
𝑈𝑈 = 65.4 ± 3.7

5 < 𝑝𝑇 < 6 GeV/𝑐
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• The parton path-length in the QGP and the various characteristics of the QGP itself are 
anisotropic => there is 𝑆𝑙𝑜𝑠𝑠 ∆𝜑  => it’s possible to express 𝑆𝑙𝑜𝑠𝑠 𝐿

• At high 𝑝𝑇, radiative losses prevail

• For thin media 𝐿 ≪ 𝜆  – Bete-Heitler spectrum:

• Thick media 𝐿 ≫ 𝜆  – Landau-Pomeranchuk-Migdal spectrum:

Dependence of energy losses on the parton path length

[d’Enterria, D. (2010). 6.4 Jet quenching. In: Stock, R. (eds) Relativistic Heavy Ion Physics. Landolt-
Börnstein - Group I Elementary Particles, Nuclei and Atoms, vol 23. Springer, Berlin, Heidelberg]

19.09.2025

𝜔
𝑑𝐼𝑟𝑎𝑑

𝑑𝜔
≈ 𝛼𝑆

ො𝑞𝐿2

𝜔
 𝜔 < 𝜔𝑐

ො𝑞𝐿2

𝜔
𝜔 > 𝜔𝑐

 ∆𝐸𝑟𝑎𝑑
𝐿𝑃𝑀 ≈ 𝛼𝑆 ቐ

ො𝑞𝐿2

ො𝑞𝐿2 ln
𝐸

𝑚𝐷
2 𝐿

𝜔
𝑑𝐼𝑟𝑎𝑑

𝑑𝜔
≈

𝛼𝑆 ො𝑞𝐿2

𝜔
  ∆𝐸𝑟𝑎𝑑

𝐵𝐻 ≈ 𝛼𝑆 ො𝑞𝐿2 ln
𝐸

𝑚𝐷
2 𝐿

First expectation:
∆𝑬 ∝ 𝑳𝟐

ෝ𝒒 – the transport coefficient, 𝒎𝑫 – the Debye mass , 𝝎 – the energy of a gluon  
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• The efficiency of parton energy loss may vary along the way
• Parton may not be created in the center of the QGP
• QGP is expanding
• Therefore, the effective (rather than the real) parton path-length in a homogenized effective QGP is 

considered [Eur. Phys. J. C 38, 461–474 (2005)]

ො𝑞 𝑏, ∆𝜑 =
2

𝐿2
න

𝜏0

𝜏0+𝐿

𝜏 − 𝜏0 ො𝑞 𝜏 𝑑𝜏

𝐼0 𝑏, ∆𝜑 = ො𝑞 𝐿𝑒𝑓𝑓 𝑏, ∆𝜑 = න

0

∞

ො𝑞 𝜏 𝑑𝜏

𝐼1 𝑏, ∆𝜑 = 𝜔𝑐𝑒𝑓𝑓
𝑏, ∆𝜑 =

1

2
ො𝑞 𝐿𝑒𝑓𝑓

2 = න

0

∞

ො𝑞 𝜏 𝜏𝑑𝜏

𝑳𝒆𝒇𝒇 =
𝟐𝑰𝟏

𝑰𝟎

The transition to the effective parton path-length

19.09.2025 9



ෝ𝒒 𝝉, 𝒃 ∝ 𝝆𝒄 𝝉, 𝒃 ∝ 𝝆𝒑𝒂𝒓𝒕 𝝉, 𝒃

• Parton creation point (𝑥0, 𝑦0) and its direction of movement 𝜑0 are generated in Glauber model 
𝝆𝒑𝒂𝒓𝒕 𝝉, 𝒃 = 𝝆𝒑𝒂𝒓𝒕 𝒙𝟎 + 𝜷𝝉 𝒄𝒐𝒔 𝝋𝟎 − 𝝍𝟐 , 𝒚𝟎 + 𝜷𝝉 𝒔𝒊𝒏 𝝋𝟎 − 𝝍𝟐 , 𝒃

• 𝜌𝑝𝑎𝑟𝑡 is maximal in the center of overlap area and decreases towards the edges
• Longitudinal QGP expansion – Bjorken expansion [Phys. Rev. C 80, 054907 (2009)]:

𝝆𝒄 𝝉 = 𝝆𝒄 𝝉𝟎

𝝉𝟎

𝝉

• Regularized form:

𝝆𝒄 𝝉 = 𝝆𝒄𝟎

𝝉 /𝝉𝟎

𝟏 + 𝝉𝟐/𝝉𝟎
𝟐

• Losses: 𝜟𝑬 ∝ 𝑳

𝑳𝒆𝒇𝒇 𝒃, 𝜟𝝋 = 𝟐𝜷

׬
𝟎

∞
𝝆𝒑𝒂𝒓𝒕

𝝉 /𝝉𝟎

𝟏 + 𝝉𝟐/𝝉𝟎
𝟐 𝝉𝒅𝝉

׬
𝟎

∞
𝝆𝒑𝒂𝒓𝒕

𝝉 /𝝉𝟎

𝟏 + 𝝉𝟐/𝝉𝟎
𝟐 𝒅𝝉

Effective path-length in Glauber model

19.09.2025

Not 𝛥𝐸 ∝ 𝐿2!
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Dependence 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓) 𝜋0 in Cu+Au and U+U collisions

𝜟𝑬 ∝ 𝑳

𝑺𝒍𝒐𝒔𝒔 = 𝒌𝑳𝒆𝒇𝒇 + 𝐛

The points of 
different systems 
fall on 1 straight 
line

𝜒2/𝑛𝑑𝑓 = 0.377

7.47 < 𝑝𝑇
𝑝𝑝

< 8.21 𝐺𝑒𝑉/𝑐

𝒔𝑵𝑵 = 200 GeV 𝜋0

𝒔𝑵𝑵 = 193 GeV 𝜋0

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟑𝟖𝟑

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟒𝟓𝟖

19.09.2025

The values of 𝑅𝐴𝐵 for 
Au+Au are taken from
[PRC 87, 034911 (2013)] 

to calculate the 𝑆𝑙𝑜𝑠𝑠

value for Au+Au

7.47 < 𝑝𝑇
𝑝𝑝

 < 8.21 GeV/𝑐

𝒔𝑵𝑵 = 193 GeV 𝜋0

𝒔𝑵𝑵 = 200 GeV 𝜋0 Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟎𝟓𝟎𝟏

Τ𝜒2 𝑛𝑑𝑓 = 0.344

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟖𝟎𝟏

𝒔𝑵𝑵 = 200 GeV 𝜋0 Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟒𝟑𝟎

𝒔𝑵𝑵 = 200 GeV 𝜋0

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟔𝟎𝟔
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Dependence 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓) for different ∆𝜑 of 𝜋0 in Cu+Au and U+U  collisions

5 < 𝑝𝑇 < 6 GeV/𝑐

U+U 𝒔𝑵𝑵 = 193 GeV 𝜋0 𝜼 < 0.35 U+U 𝒔𝑵𝑵 = 193 GeV 𝜋0 𝜼 < 0. 35

6 < 𝑝𝑇 < 8 GeV/𝑐

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟎𝟗𝟑𝟒

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟒𝟏𝟔

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟑𝟗𝟕

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟎𝟗𝟐𝟒

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟑𝟖𝟔

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟐𝟕𝟑

19.09.2025

𝑆𝑙𝑜𝑠𝑠 ↑ if Leff ↑;   Leff ↑ if ∆𝜑 ↑

Cu+Au 𝒔𝑵𝑵 = 200 GeV 𝜋0 𝜼 < 0.35

5 < 𝑝𝑇 < 6 GeV/𝑐

Cu+Au 𝒔𝑵𝑵 = 200 GeV 𝜋0 𝜼 < 0.35

6 < 𝑝𝑇 < 8 GeV/𝑐

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟐𝟖𝟏

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟐𝟐𝟏

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟏𝟔𝟒

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟓𝟏

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟐𝟐𝟓

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟏𝟗𝟖

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟏𝟕𝟖

Τ𝝌𝟐 𝒏𝒅𝒇 = 𝟎. 𝟒𝟏𝟗

12



19.09.2025

Comparison of 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓(∆φ)) in Cu+Au and U+U collisions at close 𝑁𝑝𝑎𝑟𝑡

5 < 𝑝𝑇 < 6 GeV/𝑐

𝑁𝑝𝑎𝑟𝑡
𝐶𝑢𝐴𝑢 = 177.2 ± 5.2

𝑁𝑝𝑎𝑟𝑡
𝑈𝑈 = 159.4 ± 3.7

𝑁𝑝𝑎𝑟𝑡
𝐶𝑢𝐴𝑢 = 80.4 ± 3.3

𝑁𝑝𝑎𝑟𝑡
𝑈𝑈 = 65.4 ± 3.7

13



Dependence 𝐸𝑙𝑜𝑠𝑠/ 𝐿𝑒𝑓𝑓(∆𝜑) of 𝜋0 in U+U and Cu+Au collisions

∆𝑬 = 𝑬𝒍𝒐𝒔𝒔 = 𝐒𝐥𝐨𝐬𝐬𝐩𝐓′

U+U 𝒔𝑵𝑵 = 193 GeV 𝜋0 𝜼 < 0.35

U+U 𝒔𝑵𝑵 = 193 GeV 𝜋0 𝜼 < 0. 35

6 < 𝑝𝑇 < 8 GeV/𝑐

5 < 𝑝𝑇 < 6 GeV/𝑐

19.09.2025

𝐸𝑙𝑜𝑠𝑠 /𝐿𝑒𝑓𝑓 ≈ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡(∆𝜑) 𝐸𝑙𝑜𝑠𝑠 /𝐿𝑒𝑓𝑓 ↑ 𝑖𝑓 𝑁𝑝𝑎𝑟𝑡 ↑ 𝐸𝑙𝑜𝑠𝑠 /𝐿𝑒𝑓𝑓 ↑ 𝑖𝑓 𝑝𝑇 ↑

Cu+Au 𝒔𝑵𝑵 = 200 GeV 𝜋0 𝜼 < 0.35 Cu+Au 𝒔𝑵𝑵 = 200 GeV 𝜋0 𝜼 < 0.35

6 < 𝑝𝑇 < 8 GeV/𝑐5 < 𝑝𝑇 < 6 GeV/𝑐

14



19.09.2025

Comparison of 𝐸𝑙𝑜𝑠𝑠/ 𝐿𝑒𝑓𝑓(∆𝜑) in different systems at close 𝑁𝑝𝑎𝑟𝑡

5 < 𝑝𝑇 < 6 GeV/𝑐

𝑁𝑝𝑎𝑟𝑡
𝐶𝑢𝐴𝑢 = 177.2 ± 5.2

𝑁𝑝𝑎𝑟𝑡
𝑈𝑈 = 159.4 ± 3.7

𝑁𝑝𝑎𝑟𝑡
𝐶𝑢𝐴𝑢 = 80.4 ± 3.3

𝑁𝑝𝑎𝑟𝑡
𝑈𝑈 = 65.4 ± 3.7
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• There are explicit dependencies 𝑆𝑙𝑜𝑠𝑠(𝑁𝑝𝑎𝑟𝑡), 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓), 𝑆𝑙𝑜𝑠𝑠 ∆𝜑  and 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓(∆𝜑))

• Angle-inclusive losses 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓) and 𝑆𝑙𝑜𝑠𝑠(𝑁𝑝𝑎𝑟𝑡) dependencies have the same behavior for 
different collision systems (U+U, Cu+Au): 

• 𝑆𝑙𝑜𝑠𝑠 = 𝑘𝐿𝑒𝑓𝑓 + 𝑏

• 𝑆𝑙𝑜𝑠𝑠 = 𝑘𝑁𝑝𝑎𝑟𝑡
2/3

• Similar inclusive losses for different systems at close 𝑁𝑝𝑎𝑟𝑡 and 𝑝𝑇
𝑝𝑝

• Different anisotropy of losses for different systems at close 𝑁𝑝𝑎𝑟𝑡 and 𝑝𝑇
𝑝𝑝

• 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓(∆𝜑)) are linear almost everywhere as expected

• 𝑆𝑙𝑜𝑠𝑠(𝐿𝑒𝑓𝑓(∆𝜑)) for different systems are almost matching

• 𝐸𝑙𝑜𝑠𝑠/ 𝐿𝑒𝑓𝑓(∆𝜑) is an almost constant value almost everywhere

• 𝐸𝑙𝑜𝑠𝑠/ 𝐿𝑒𝑓𝑓(∆𝜑) for different systems are almost matching

• The results of this work can possibly be expanded for use in the MPD experiment of the NICA 
project

Conclusion
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• The change in particle yields in heavy ion collisions 
compared to the pp-collisions is characterized by 
nuclear modification factors 𝑅𝐴𝐵

• 𝑹𝑨𝑩 =
𝟏

𝑵𝒄𝒐𝒍𝒍

𝒅𝟐𝑵𝑨𝑩

𝒅𝒑𝑻𝒅𝒚
/

𝒅𝟐𝑵𝒑𝒑

𝒅𝒑𝑻𝒅𝒚

• 𝑁𝑐𝑜𝑙𝑙 - the average number of binary  inelastic 
nucleon-nucleon collisions

• The energy loss of particles in QGP is characterized 
by 𝑆𝑙𝑜𝑠𝑠

• 𝑺𝒍𝒐𝒔𝒔 =
∆𝑬

𝑬𝒊𝒏𝒊𝒕𝒊𝒂𝒍
≈

𝒑𝑻
′ −𝒑𝑻

𝒑𝑻
′ =

∆𝒑𝑻

𝒑𝑻
′

• 𝑝𝑇
′  - transverse momentum of 𝜋0-mesons in p+p 

collisions

• 𝑝𝑇  - transverse momentum of 𝜋0- mesons in A+B 
collisions

Nuclear modification factors and effective fractional 
energy loss 𝑆𝑙𝑜𝑠𝑠
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