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Introduction
• Nuclear deformation parameters are generally estimated from spectroscopic methods:

• Clear impact of nuclear structure on final state heavy-ion observables: 𝑁!", 𝑣#,% , 𝑝& and 𝜌(𝑣##, 𝑝& )

MeV 200 GeV 5 TeV

3

Bally et.al, EPJA 58, 187 (2022) Zhang, Jia, PRL.128.022301 

Giacalone, RBRC workshop



Ø Few indications of consistent descriptions 
between Low energy predictions and 
observations at LHC energy.

4Open Question: Does nuclear deformation change with 
energy scales?

ATLAS, 2205.00039
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v To answer this question, we simulate Heavy ion collisions at 200 GeV and 5 TeV for Ru+Ru
and Zr+Zr to study the effect of deformation across these energy scales.

ATLAS, 2205.00039

Open Question: Does nuclear deformation change with 
energy scales?



Goal of this study and Model used
Goal: Check consistency of effect of nuclear deformation between 

200 GeV and 5 TeV using isobar collisions.

Model Used:
• AMPT (String Melting) model: Multiple stages for evolution.
• Transport framework, Good proxy for hydro simulation.

• Model Parameters used:

• Systems under consideration:
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PART I: 
Impact of fluctuations on Flow ratios 

in isobar collisions.
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Giacalone, arXiv:2101.00168 

Initial state Final state

Final state Elliptic Flow (𝑣!)

𝑣!= 𝑘!𝜀!

Response 
coefficient

Final state Initial state

• Flow develops as a pressure gradient driven response to initial ellipticity:
Final state

𝒅𝑷
𝒅𝒙
> 𝒅𝑷

𝒅𝒚

"𝒃$𝒛

&𝒚

𝜺𝟐,𝒑𝒑
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Flow fluctuations

𝒅𝑷
𝒅𝒙
> 𝒅𝑷

𝒅𝒚

"𝒃$𝒛

&𝒚

𝜺𝟐,𝒑𝒑

𝑣!= 𝑘!𝜀!

Response 
coefficient
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• Flow develops as a pressure gradient driven response to initial ellipticity:
• But the proportionality: 𝒗𝟐 ∝ 𝜺𝟐 is true only on an average.
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Initial state Final state

Final state Elliptic Flow (𝑣!)

Flow fluctuations
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𝑣!= 𝑘!𝜀!

Response 
coefficient

Final state Initial state

• Flow develops as a pressure gradient driven response to initial ellipticity:
• But the proportionality: 𝒗𝟐 ∝ 𝜺𝟐 is true only on an average.

• In reality, the measured 𝑣!{2}:
<latexit sha1_base64="WGxnZXZZNxS7hbImiMBnsjUzUfg=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiCEpJS1I1QdOOygn1AE8NkMmmHTh7MTAol5C/c+CtuXCjiVnf+jdM2BW09cOFwzrnM3OMljAppmt/a0vLK6tp6aaO8ubW9s6vv7bdEnHJMmjhmMe94SBBGI9KUVDLSSThBocdI2xvcjP32kHBB4+hejhLihKgX0YBiJJXk6sbwIavmrho7q9o5vIIz4SxJcngKbZ8wiWYhV6+YhjkBXCRWQSqgQMPVv2w/xmlIIokZEqJrmYl0MsQlxYzkZTsVJEF4gHqkq2iEQiKcbHJXDo+V4sMg5moiCSfq740MhUKMQk8lQyT7Yt4bi/953VQGl05GoySVJMLTh4KUQRnDcUnQp5xgyUaKIMyp+ivEfcQRlqrKsirBmj95kbSqhnVu1O5qlfp1UUcJHIIjcAIscAHq4BY0QBNg8AiewSt40560F+1d+5hGl7Ri5wD8gfb5A27Ints=</latexit>

v22{2} = v22,pp + �22

𝒗𝟐{𝟐}
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Initial state Final state

Final state Elliptic Flow (𝑣!)

Flow fluctuations

𝒅𝑷
𝒅𝒙
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𝑣!= 𝑘!𝜀!

Response 
coefficient

Final state Initial state

• Flow develops as a pressure gradient driven response to initial ellipticity:
• But the proportionality: 𝒗𝟐 ∝ 𝜺𝟐 is true only on an average.

• In reality, the measured 𝑣!{2}:

Flow originating from 
participant geometry.

Part of flow uncorrelated 
to participant geometry.
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𝒗𝟐{𝟐}
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𝑣!,##! ∝ 𝜀!,##!

𝒗𝟐 ∝ 𝜺𝟐

https://arxiv.org/pdf/2101.00168.pdf


Open Question:     What is the origin of 𝜹𝟐 ?
What is the nature of 𝜹𝟐 ?
What is the impact of 𝜹𝟐 on isobar 𝒗𝟐 ratios? 

1. Probe the variation of 𝛿) by varying nuclear structure 
using isobar collisions as a handle.

2. Check the response of 𝛿) to WS parameters at different 𝑠**.
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Impact of Woods-saxon parameters on 𝑣!{2} ratio

• ↑ 𝛽!⟹↑ 𝑣!, in central events.
• ↑ 𝛽. ⟹↑ 𝑣!, in mid-central events.
• ↑ 𝑎/⟹↓ 𝑣!, in mid-central events.
• ↑ 𝑅/ has small effect(↑) on 𝑣! in mid-central events.

• Ratio(𝑣!{2}) have qualitative agreement between both energies.
• Deformation has a stronger response on Ratio(𝑣!) at LHC(5 TeV) than at RHIC(200 GeV)

𝒗𝟐{𝟐} ratio

16

Talks by G Giacalone, J. Jia, C. Zhang 
in this workshop.



17Role of 𝛿! on 𝑣!{2} Ratio
<latexit sha1_base64="WGxnZXZZNxS7hbImiMBnsjUzUfg=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiCEpJS1I1QdOOygn1AE8NkMmmHTh7MTAol5C/c+CtuXCjiVnf+jdM2BW09cOFwzrnM3OMljAppmt/a0vLK6tp6aaO8ubW9s6vv7bdEnHJMmjhmMe94SBBGI9KUVDLSSThBocdI2xvcjP32kHBB4+hejhLihKgX0YBiJJXk6sbwIavmrho7q9o5vIIz4SxJcngKbZ8wiWYhV6+YhjkBXCRWQSqgQMPVv2w/xmlIIokZEqJrmYl0MsQlxYzkZTsVJEF4gHqkq2iEQiKcbHJXDo+V4sMg5moiCSfq740MhUKMQk8lQyT7Yt4bi/953VQGl05GoySVJMLTh4KUQRnDcUnQp5xgyUaKIMyp+ivEfcQRlqrKsirBmj95kbSqhnVu1O5qlfp1UUcJHIIjcAIscAHq4BY0QBNg8AiewSt40560F+1d+5hGl7Ri5wD8gfb5A27Ints=</latexit>

v22{2} = v22,pp + �22

Ratio(𝑣!{2}) < Ratio(𝑣!,00) Ratio( 𝛿!)~ 1 at both energies 
• 𝛿! dilutes the impact of initial state participant geometry on final state 𝑣!.
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Ratio(𝑣.{2}) < Ratio(𝑣.,00) Ratio( 𝛿.)~ 1 at both energies 

<latexit sha1_base64="89ib5iAoednDappjO5A/J+XfNJg=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0UQlJDUom6EohuXFewDmhgmk0k7dPJgZlIoIX/hxl9x40IRt7rzb5y+QFsPDBzOOZc793gJo0Ka5rdWWFpeWV0rrpc2Nre2d/TdvaaIU45JA8cs5m0PCcJoRBqSSkbaCSco9Bhpef2bkd8aEC5oHN3LYUKcEHUjGlCMpJJc3Rg8ZJXczc5yO6vYObyCM+E0SXJ4Am2fMIlmIVcvm4Y5Blwk1pSUwRR1V/+y/RinIYkkZkiIjmUm0skQlxQzkpfsVJAE4T7qko6iEQqJcLLxXTk8UooPg5irF0k4Vn9PZCgUYhh6Khki2RPz3kj8z+ukMrh0MholqSQRniwKUgZlDEclQZ9ygiUbKoIwp+qvEPcQR1iqKkuqBGv+5EXSrBjWuVG9q5Zr19M6iuAAHIJjYIELUAO3oA4aAINH8AxewZv2pL1o79rHJFrQpjP74A+0zx9zkJ7e</latexit>

v23{2} = v23,pp + �23

Role of 𝛿" on 𝑣"{2} Ratio

• 𝛿. dilutes the impact of initial state participant geometry on final state 𝑣..



𝒗𝟐 ∝ 𝜺𝟐

Giacalone, arXiv:2101.00168 

Initial state Final state

Conclusion:  Role of 𝛿!," on 𝑣!,"{2} Ratio

Flow fluctuations

𝒅𝑷
𝒅𝒙
> 𝒅𝑷

𝒅𝒚

"𝒃$𝒛

&𝒚

𝜺𝟐,𝒑𝒑

v 𝜹𝟐,𝟑 might originate from:
1.  fluctuations in initial state which are small scale (than global geometry: eg: sub-nucleonic fluc.). 
2.  Stochastic effect from final state evolution of system.

v 𝜹𝟐,𝟑 dilutes the effect of nuclear geometry on final state flow estimates.

<latexit sha1_base64="WGxnZXZZNxS7hbImiMBnsjUzUfg=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiCEpJS1I1QdOOygn1AE8NkMmmHTh7MTAol5C/c+CtuXCjiVnf+jdM2BW09cOFwzrnM3OMljAppmt/a0vLK6tp6aaO8ubW9s6vv7bdEnHJMmjhmMe94SBBGI9KUVDLSSThBocdI2xvcjP32kHBB4+hejhLihKgX0YBiJJXk6sbwIavmrho7q9o5vIIz4SxJcngKbZ8wiWYhV6+YhjkBXCRWQSqgQMPVv2w/xmlIIokZEqJrmYl0MsQlxYzkZTsVJEF4gHqkq2iEQiKcbHJXDo+V4sMg5moiCSfq740MhUKMQk8lQyT7Yt4bi/953VQGl05GoySVJMLTh4KUQRnDcUnQp5xgyUaKIMyp+ivEfcQRlqrKsirBmj95kbSqhnVu1O5qlfp1UUcJHIIjcAIscAHq4BY0QBNg8AiewSt40560F+1d+5hGl7Ri5wD8gfb5A27Ints=</latexit>

v22{2} = v22,pp + �22

19

𝛿!,. are not influenced by changing the overall deformation of 
initial state geometry (even with changing 𝑠22).

https://arxiv.org/pdf/2101.00168.pdf


PART II: 
Response of flow estimates to deformation 

with varying 𝑠!!
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Decomposing different contributions to measured 𝑣!{2}
<latexit sha1_base64="7QVGeC3ZnoVoUENVnoczERun2L0="></latexit>

v22{2} = �22 + v22,pp = �22 + 2
2,pp"

2
2,pp
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3• The initial state eccentricity could have a 
few independent sources:

Fluctuations Avg. Geometry Deformations
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• The initial state eccentricity could have a 
few independent sources:
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𝑣!,40! 𝑣!{𝛽!}! 𝑣!{𝛽.}!

𝑣!,00!

Decomposing different contributions to measured 𝑣!{2}
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𝑣!,##! ∝ 𝜀!,##!

• The initial state eccentricity could have a 
few independent sources:



𝑣# comparison: 200 GeV and 5 TeV
• 𝑣!,567 ≥ 𝑣!,8697 : More frequent partonic 

scattering.
• Observation: 𝑣!{2} > 𝑣!,00 > 𝑣!,40.
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• 𝑣!,567 ≥ 𝑣!,8697 : More frequent partonic 
scattering.

• Observation: 𝑣!{2} > 𝑣!,00 > 𝑣!,40.

𝑣# comparison: 200 GeV and 5 TeV

<latexit sha1_base64="WGxnZXZZNxS7hbImiMBnsjUzUfg=">AAACF3icbVDLSsNAFJ34rPUVdelmsAiCEpJS1I1QdOOygn1AE8NkMmmHTh7MTAol5C/c+CtuXCjiVnf+jdM2BW09cOFwzrnM3OMljAppmt/a0vLK6tp6aaO8ubW9s6vv7bdEnHJMmjhmMe94SBBGI9KUVDLSSThBocdI2xvcjP32kHBB4+hejhLihKgX0YBiJJXk6sbwIavmrho7q9o5vIIz4SxJcngKbZ8wiWYhV6+YhjkBXCRWQSqgQMPVv2w/xmlIIokZEqJrmYl0MsQlxYzkZTsVJEF4gHqkq2iEQiKcbHJXDo+V4sMg5moiCSfq740MhUKMQk8lQyT7Yt4bi/953VQGl05GoySVJMLTh4KUQRnDcUnQp5xgyUaKIMyp+ivEfcQRlqrKsirBmj95kbSqhnVu1O5qlfp1UUcJHIIjcAIscAHq4BY0QBNg8AiewSt40560F+1d+5hGl7Ri5wD8gfb5A27Ints=</latexit>

v22{2} = v22,pp + �22

Flow originating from 
participant geometry.

Part of flow uncorrelated 
to participant geometry.

v 𝛿! comparable to 𝑣!,00 in central events (!).

“Contribution to final state flow from sources
uncorrelated to initial state geometry is as large as 
those arising from initial state geometry itself!”



29Evolution of Impact of deformation on 𝜀! and 𝑣!{2}

• Large differences observed between LHC and RHIC for 
𝑣! 𝛽! and 𝑣! 𝛽. : Stronger response at LHC.

• 𝜀! 𝛽! = 𝑎𝛽!! , 𝜀! 𝛽. = 𝑏𝛽.!

• Same evolution with Nch at both energies.
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𝑣!= 𝑘!𝜀!

Response 
coefficient

Final state Initial state

Evolution of Impact of deformation on 𝜀! and 𝑣!{2}

• Large differences observed between LHC and RHIC for 
𝑣! 𝛽! and 𝑣! 𝛽. : Stronger response at LHC.

• 𝜀! 𝛽! = 𝑎𝛽!! , 𝜀! 𝛽. = 𝑏𝛽.!

• Same evolution with Nch at both energies.
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𝑣!= 𝑘!𝜀!

Response 
coefficient

Final state Initial state

Ø How does 𝑘! for different components of flow 
evolve with 𝑠22 ?

Evolution of Impact of deformation on 𝜀! and 𝑣!{2}

• Large differences observed between LHC and RHIC for 
𝑣! 𝛽! and 𝑣! 𝛽. : Stronger response at LHC.

• 𝜀! 𝛽! = 𝑎𝛽!! , 𝜀! 𝛽. = 𝑏𝛽.!

• Same evolution with Nch at both energies.



32Evolution of Impact of deformation on 𝜀! and 𝑣!{2}

<latexit sha1_base64="5ShJ70QqAM3wZyAyENqGF9RsbP0="></latexit>

k2{�2} = v2{�2}
"2{�2}

<latexit sha1_base64="B2cMephLOUL/PzCz2ocZXJwiujE="></latexit>

k2{�3} = v2{�3}
"2{�3}

<latexit sha1_base64="6kcMzTR5iuoOzxkb9345rbxC6Fo="></latexit>

k3{�3} = v3{�3}
"3{�3}



33𝑠$$ evolution of response coefficients
<latexit sha1_base64="nRLOHPZQJn98FYkTTFc9Pip+cZ0="></latexit>

k2{pp} = v2,pp
"2,pp

<latexit sha1_base64="OZImNrxaegdxpQ1BZ/kJ1jT8fgo="></latexit>

k2{rp} = v2,rp
"2,rp

<latexit sha1_base64="UQDf+KWH1wCP/E03YAvO52eINdw="></latexit>

v22{2} = �22 + k20"
2
2,0 + k2{rp}2"22,rp + k2{�2}2a�2

2 + k2{�3}2b�2
3

<latexit sha1_base64="5ShJ70QqAM3wZyAyENqGF9RsbP0="></latexit>

k2{�2} = v2{�2}
"2{�2}

<latexit sha1_base64="B2cMephLOUL/PzCz2ocZXJwiujE="></latexit>

k2{�3} = v2{�3}
"2{�3}



34

<latexit sha1_base64="nRLOHPZQJn98FYkTTFc9Pip+cZ0="></latexit>

k2{pp} = v2,pp
"2,pp

<latexit sha1_base64="OZImNrxaegdxpQ1BZ/kJ1jT8fgo="></latexit>

k2{rp} = v2,rp
"2,rp

<latexit sha1_base64="UQDf+KWH1wCP/E03YAvO52eINdw="></latexit>

v22{2} = �22 + k20"
2
2,0 + k2{rp}2"22,rp + k2{�2}2a�2

2 + k2{�3}2b�2
3

𝑠$$ evolution of response coefficients

<latexit sha1_base64="5ShJ70QqAM3wZyAyENqGF9RsbP0="></latexit>

k2{�2} = v2{�2}
"2{�2}

<latexit sha1_base64="B2cMephLOUL/PzCz2ocZXJwiujE="></latexit>

k2{�3} = v2{�3}
"2{�3}
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<latexit sha1_base64="nRLOHPZQJn98FYkTTFc9Pip+cZ0="></latexit>

k2{pp} = v2,pp
"2,pp

<latexit sha1_base64="OZImNrxaegdxpQ1BZ/kJ1jT8fgo="></latexit>

k2{rp} = v2,rp
"2,rp

<latexit sha1_base64="UQDf+KWH1wCP/E03YAvO52eINdw="></latexit>

v22{2} = �22 + k20"
2
2,0 + k2{rp}2"22,rp + k2{�2}2a�2

2 + k2{�3}2b�2
3

𝑠$$ evolution of response coefficients

Observations

1. All 𝑘! Ratio(LHC/RHIC) > 1:   𝑣!, 567 > 𝑣!,8697.

2. Ratio(𝑘!{𝑟𝑝}) minimum in central events. 

3. Ratio(𝑘!{𝑝𝑝}) largest in mid-central.

4. Ratio(𝑘!{𝑝𝑝}) = Ratio(𝑘!{𝛽!}) in central events (!).

<latexit sha1_base64="5ShJ70QqAM3wZyAyENqGF9RsbP0="></latexit>

k2{�2} = v2{�2}
"2{�2}

<latexit sha1_base64="B2cMephLOUL/PzCz2ocZXJwiujE="></latexit>

k2{�3} = v2{�3}
"2{�3}



36𝑠$$ evolution of response coefficients

Observations

1. All 𝑘! Ratio(LHC/RHIC) > 1:   𝑣!, 567 > 𝑣!,8697.

2. Ratio(𝑘!{𝑟𝑝}) minimum in central events. 

3. Ratio(𝑘!{𝑝𝑝}) largest in mid-central.

4. Ratio(𝑘!{𝑝𝑝}) = Ratio(𝑘!{𝛽!}) in central events (!).

"𝒃$𝒛

&𝒚
𝜺𝟐,𝒑𝒑

𝜺𝟐,𝒓𝒑
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Ø Difference in Evolution of response coefficients between LHC and RHIC: 
Major source of difference in observed flow coefficients in response to same geometry

𝑠$$ evolution of response coefficients

Observations

1. All 𝑘! Ratio(LHC/RHIC) > 1:   𝑣!, 567 > 𝑣!,8697.

2. Ratio(𝑘!{𝑟𝑝}) minimum in central events. 

3. Ratio(𝑘!{𝑝𝑝}) largest in mid-central.

4. Ratio(𝑘!{𝑝𝑝}) = Ratio(𝑘!{𝛽!}) in central events (!).

"𝒃$𝒛

&𝒚
𝜺𝟐,𝒑𝒑

𝜺𝟐,𝒓𝒑



Ø Effect of WS parameters on 𝑝(𝑁!") ratios 
consistent between 200 GeV and 5 TeV.

Ø The deformation in nuclear geometry impacts 
𝑝(𝑁!") the same way between the energy 
scales. 

𝑝(𝑁:;) : robust observable to study effect of nuclear deformation, irrespective of 𝑠22

38𝑝(𝑁!") ratio comparison: 200 GeV and 5 TeV



39Conclusion
vUsing AMPT model, we tried to answer: 

Does nuclear deformation manifest same way across energy scales?
vWe observe:
ØAt both 𝑠**, 𝛿),+ dilutes the effect of nuclear geometry on final state flow 

estimates.
Ø Even for same nuclear structure; 𝑘) Ratio(LHC/RHIC) > 1 : results in 𝑣), ,-. >
𝑣),/-0. .

• Ratio(𝑘){𝑝𝑝}) = Ratio(𝑘){𝛽)}) in central events.
Ø 𝑝(𝑁12) robust observable to study effect of deformation, irrespective of 

𝑠**
v Future Scope: Need further models with saturation physics to disentangle 

saturation effects and deformation towards eccentricities in initial state and 
flow in final state.
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42Elliptic Flow (𝑣#): Observation

• The Ratio(𝑣!) have qualitative agreement 
between both energies for all estimates of 𝑣!.

• Ratio(𝑣!,40) >> 1 due to domination of 𝑎/; 

• Ratio( 𝛿!)~ 1 at both energies 
• Ratio(𝑣!,00) > Ratio(𝑣!{2}).
• 𝛿< dilutes the effect of nuclear structure on 

Initial participant geometry  at both energies.

Ø Structure parameters have larger contributions to 𝑣! ratio at LHC than at RHIC energy.

• Why is it so? Answer: Flow response coefficient
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𝑝(𝑁$%) ratio: RHIC * Originates from 𝑝(𝑁"#$%) in Initial stages 
of collision which has similar features.

44

Increasing  𝑅+ increase 𝑁!", in central events.

Decreasing  𝑎+ decrease 𝑁!", in peripheral 
events. Increases 𝑁!", in central events

Decreasing  𝛽% increases 𝑁!", in central events.

Increasing  𝛽# decreases 𝑁!", in central events.

J. Jia, This INT



45Backup



𝑣#{2} ratio from RHIC

• Increasing  𝛽! increases 𝑣!, mostly in central 
events.

• Increasing 𝛽. increases 𝑣!, mostly in mid-central 
events.

• Increasing 𝑎/ increases 𝑣!, in most peripheral 
events (limiting case).
As a consequence, in mid-central events, Increasing 
𝑎/ decreases 𝑣!.

• Increasing 𝑅/ has a very small effect on 𝑣! in mid-
central events.

46

J. Jia, This INT
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"𝒃$𝒛

• Pressure gradients convert Initial spatial anisotropy to final state momentum anisotropy.

=𝒑𝒙

=𝒑𝒙
&𝒚

𝒗𝟐 ∝ 𝝐𝟐

Initial state Final state

𝒅𝑷
𝒅𝒙
> 𝒅𝑷

𝒅𝒚

𝝍𝒓

"𝒃$𝒛

&𝒚

𝜺𝟐,𝒑𝒑

𝜺𝟐,𝒓𝒑

2𝜎%&!

• Flow fluctuations play an important role in estimate of rms flow.
<latexit sha1_base64="fb6xM70GiAKoRLIu9s1PspWEV7M="></latexit>

v22{2} = hk2"2ppi+ �Non-Flow
= k2(h"2rpi+ 2�2

",x) + �Non-Flow
= hv2rpi+ 2�2

vx + �Non-Flow

Backup
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<latexit sha1_base64="yeBa2RMxecJQVhE1uLmKwnIottM="></latexit>

v22{2}
= hcos2(�i � �j)i = hcos2(�i � rp + rp � �j)i
= hcos2[(�i � rp)� (�j � rp)]i
= hcos2[(�i � rp)]cos2[(�j � rp)]i+ hsin termsi
= hv22,rpi+ Non-Flow correlations

<latexit sha1_base64="CrHNFULF+sChvrvMreXvZfIw2Y0="></latexit>

hv22,rpi
= hv2,rpi2 + (hv22,rpi � hv2,rpi2)
= hv2,rpi2 + (�2

vx + �2
vy)(Bessel Gaussian assumption;~v2 = ~v2,x + ~v2,y)

= hv2,rpi2 + 2�2
vx(Flow fluctuations)

Backup

<latexit sha1_base64="v5k0m5sUy6yuxcbz8o3KCo+/T8c="></latexit>

v22{2} = hcos2(�i � �j)ievt = hcos2(�i � rp + rp � �j)ievt = hv22,rpievt + �Non�Flow
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"𝒃$𝒛

&𝒚

• 𝜀#,-- represents eccentricity arising from IS fluctuations. 

• 𝑣!,00 : flow arising from participant geometry in IS. 

<latexit sha1_base64="sq2duHnHPLlN/GmFcGMLHSnfHYQ="></latexit>

~"2,pp = h�
2
y��2

x

�2
y+�2

x
îi+ h 2�xy

�2
y+�2

x
iĵ

𝜺𝟐,𝒑𝒑

𝜺𝟐,𝒓𝒑

Projection of 𝑉' along 𝜀',##

Observable: Elliptic Flow (𝑣#)

𝜺𝟐,𝒓𝒑
"𝒃$𝒛

&𝒚

• 𝜀#,.- represents eccentricity arising from average geometry. 

• 𝑣!,40 : flow arising from average geometry. 
<latexit sha1_base64="oteqbkFbuSV9nujjxCrhFlyfjec="></latexit>

vn,rp =
|hVn"⇤n,rpi|q
h"n,rp"⇤n,rpi

<latexit sha1_base64="pli3KDLn4QsvOt5tASNHDZWZwvc="></latexit>

~"2,rp = h�
2
y��2

x

�2
y+�2

x
îi

<latexit sha1_base64="rDFY57eq4WjVkMVu32xnrpdA60g="></latexit>

vn,pp =
hVn"⇤n,ppiq
h"n,pp"⇤n,ppi



"𝒃$𝒛

52

• Pressure gradients convert Initial spatial anisotropy to final state momentum anisotropy.

• Many methods to estimate 𝑣!: 2-particle correlation 𝑣!{2} gives the RMS value of flow.

=𝒑𝒙

=𝒑𝒙
&𝒚

Initial state Final state

𝒅𝑷
𝒅𝒙
> 𝒅𝑷

𝒅𝒚

𝝍𝒓𝒑

<latexit sha1_base64="6ocfitDYM3k1qMxPooPkQ0jZL1U="></latexit>

v2 = hcos2(�i � rp)ievt

Observable: Elliptic Flow (𝑣#)

<latexit sha1_base64="Zi3bFGYJaEP3lRXRt0hGSRDu2XU="></latexit>

v22{2} = hv2,rpi2 + 2�2
vx + �Non�Flow
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