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Introduction of Global Fit of Pion PDF

2024/08/07

𝑺𝒖𝒍𝒍𝒊𝒗𝒂𝒏 𝒑𝒓𝒐𝒄𝒆𝒔𝒔
(leading-neutron DIS)

𝒑 → 𝝅+𝒏

sensitive to quark and gluon

HERA

𝝅+

• Data for global fit of pion PDF is very limited. Each of them has their 

own difficalties.

• Pion-induced Drell-Yan : A normalization issue occurs

between E615 and NA10 data, by up to 20%. COMPASS data is 

a new data in 30 years and will be an independence check.

• Pion-induced prompt-gamma : Data has large systematics due to 

the background γ signals from the secondary 𝜋0 decay. 

• The interest of using Sullivan process to study pion structure is 

increasing. The equivalence of pion cloud and pion beam data 

remains a subject to be studied. 

𝑷𝒊𝒐𝒏 − 𝒊𝒏𝒅𝒖𝒄𝒆𝒅
𝒑𝒓𝒐𝒎𝒑𝒕 − 𝒈𝒂𝒎𝒎𝒂

𝝅−𝒑 → 𝛾𝑿

sensitive to gluon

WA70

𝑷𝒊𝒐𝒏 − 𝒊𝒏𝒅𝒖𝒄𝒆𝒅
𝑫𝒓𝒆𝒍𝒍 − 𝒀𝒂𝒏
𝝅−𝒑 → 𝝁+𝝁−𝑿

sensitive to valence

NA10, E615, COMPASS (new)

COMPASS

arXiv:2311.08447v2 (2024)
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Introduction of Global Fit of Pion PDF

2024/08/07

• From the previous published pion PDFs, GRV(1998), xFitter(2020) and JAM21(2021),  one could conclude the 

valence distribution of pion PDF is already well constrained with the input of NA10 and E615. The remaining 

issue is the large uncertainty of sea distribution and gluon distribution.

• However, FantoPDF given by CTEQ group shows that the form of pion PDF is parameterization dependent.  The 

uncertainty of valence distribution is still large. COMPASS data could help to narrow down the 

uncertainty.

arXiv:2311.08447v2 (2024)
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Pion-induced Drell-Yan Process
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𝑳𝑶 ∶ 𝒒ഥ𝒒 → 𝜸∗ → 𝒍+𝒍−

𝑑2𝜎

𝑑𝑀𝑑𝑥𝐹
=
2𝜋𝛼2

9𝑀𝑙𝑙′
3

𝑥𝜋𝑥𝑝
𝑥𝜋 + 𝑥𝑝

𝑄𝑞
2 [𝑞 𝑥𝜋 ത𝑞 𝑥𝑝 + ത𝑞 𝑥𝜋 𝑞 𝑥𝑝 ]

PDF

S.D. Drell and T.M. Yan

PRL 25 (1970) 316 

𝑑3𝜎

𝑑𝑀𝑑𝑥𝐹𝑑𝑞𝑇
= 𝜎0 

𝑓𝜋,𝑓𝑝

𝐻𝑓𝜋𝑓𝑝(𝑀, 𝜇)න
𝑑2𝒃

4𝜋
𝑒𝑖 𝒃.𝒒𝑻 𝐹ℎ𝜋→𝑓𝜋(𝑥𝜋, 𝒃; 𝜇, 𝜁1)𝐹ℎ𝑝→𝑓𝑝 (𝑥𝑝, 𝒃; 𝜇, 𝜁1)

TMD PDF
Journal of High Energy Physics

Article number: 90 (2019)

• 𝐶𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑠𝑠 𝑒𝑛𝑒𝑟𝑔𝑦 ∶ 𝑠

• 𝐷𝑖𝑚𝑢𝑜𝑛 𝑚𝑎𝑠𝑠 ∶ 𝑀2 = 𝑝𝜇+ + 𝑝𝜇−
2

• 𝐷𝑖𝑚𝑢𝑜𝑛 𝑡𝑟𝑎𝑛𝑠𝑣𝑒𝑟𝑠𝑒 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 ∶ 𝑞𝑇
• 𝐷𝑖𝑚𝑢𝑜𝑛 𝑙𝑜𝑛𝑔𝑖𝑡𝑢𝑡𝑖𝑛𝑎𝑙 𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚 ∶ 𝑞𝐿
• 𝐹𝑒𝑦𝑛𝑚𝑎𝑛 − 𝑥 ∶ 𝑥𝐹 = 𝑥𝜋 − 𝑥𝑁

• 𝐵𝑗𝑜𝑟𝑘𝑒𝑛 − 𝑥 ∶ 𝑥 Τ𝜋 𝑁 =
1

2
𝑥𝐹
2 + 4

𝑀2

𝑠
± 𝑥𝐹

• With COMPASS data, we provides : 

- Differential cross section in 𝑀, 𝑥𝐹 , 𝑎𝑛𝑑 𝑞𝑇 ➔ PDF, TMD PDF studies.

- Differential cross section in 𝑥𝐹 , 𝑞𝑇 , 𝑥𝑁 ➔ Nuclear effect (Multiple targets). 
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2024/08/07

• COMPASS 

- fixed target experiment at CERN

- 60m-long spectrometer 

- Multiple beam and target choices for different 

physics purposes
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Drell-Yan Data Taking at COMPASS 

in 2015 and 2018
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Spectrometer : ~350 tracking planes / two-stage spectrometer / dimuon triggers 

Beam and Target region : 190 GeV 𝜋− beam / three targets / hadron absorber 

𝜋− + 𝑝 → 𝜇 + 𝜇− + 𝑋

𝜋−

Beam
NH3-He, 

Al, W

Dimuon

Events
Absorber

Aluminum target

• Only 2018 data will be shown today.

• Data from light target is provided.
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Target Composition
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Solid NH3 beads

100% 99% 73% 56% 49%
Beam 

attenuation

Aluminum target

• NH3-He target

- Solid NH3 beads immersed in liquid He at low 

temperature for polarization purpose.

- Only “unpolarized” differential Drell-Yan cross 

section from NH3-He target will be shown later.

- Molar fraction of nucleon : 15.7 % 1H, 11.1 % 
2He, 73.2 % 7N.

• W target 

- Beam dump

- Only events from the first 20 cm are selected to 

reduce secondary re-interactions.

NH3−He NH3−He Al

W

migration~4%
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Beam Composition and Luminosity
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• Beam condition

- 190 GeV beam momentum

- Average intensity 70 MHz

- Negative hadron beam composition: 97% pions, 

2% kaons, 1% antiprotons. The beam 

composition is accounted for in the systematic 

uncertainties.

• Integrated luminosity

- W           : ~𝟓 𝒇𝒃−𝟏

- NH3-He  : ~𝟐 𝒇𝒃−𝟏

- Al           : ~ 𝟎. 𝟓 𝒇𝒃−𝟏
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High Mass Drell-Yan Sample
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• Kinematic coverage

 4.3 GeV/𝒄𝟐 < M < 8.5 GeV/𝒄𝟐

 -0.2 < 𝒙𝑭 < 0.9

 0.0 GeV/𝒄 < 𝒒𝑻 < 3.6 GeV/𝒄

• Background contribution 

➔ purity extraction

- Open charm production

- 𝐽/𝜓 and 𝜓′ resonances

- Random 𝜇+𝜇− combination is estimated 

by random like-sign dimuons collected.

• Number of dimuon pair selected :

• W          : 43k events

• NH3-He : 36k events

• Al          :   6k events
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Purity Extraction

2024/08/07

• Purity extraction of DY sample  is through cocktail fit. 

It is extracted in multi-dimensional.

 4.3 GeV/𝑐2 < M < 8.5 GeV/𝑐2 : 4 bins

 -0.2 < 𝑥𝐹 < 0.9               : 11 bins

 0.0 GeV/𝑐 < 𝑞𝑇 < 3.6 GeV/𝑐 : 3 bins

• Purity of DY sample is above 90% :
 NH3−He : M > 4.3 GeV/𝒄𝟐

 Al             : M > 4.7 GeV/𝒄𝟐

 W             : M > 5.5 GeV/𝒄𝟐

Worse purity  for W due to the worse mass resolution and 
worse 𝒒𝑻 resolution.

Target Resolution

𝒙𝑭 𝒒𝑻(GeV/𝒄 ) M

NH3−He 0.03 150 3.5%

Al 0.03 245 4.5%

W 0.03 340 6.5%
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Data and MC Comparison
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NH3−He

Cell#1

LASxLAS

NH3−He

Cell#1

LASxOUT

• Nice agreement between data and MC for NH3−Hecells. 

• Similar level agreement for the other targets.

• However, slightly worse for W cells.
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3-Dimensional Drell-Yan Cross Sections 

NH3−He Target

2024/08/07

• COMPASS provides the first three-dimensional cross sections for pion-induced DY experiment.

• Systematics is extracted in three dimensional.   

• Data from light target is provided with small systematics and statistical uncertainty.

NH3−He target
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3-Dimensional Drell-Yan Cross Sections 

W Target
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W target

The systematics of W target in low mass is large due to the purity extraction.
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COMPASS Results Compare with 

NA10 Experiment with W Target
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• Comparison with NA10 194 GeV data

 Good agreement

 COMPASS has larger kinematic coverage in 𝑥𝐹.

 NA10 has smaller statistical and systematic uncertainties.

𝜏 =
𝑀2

𝑠

Systematics of  

NA10 = 6.5% 

(no kinematic dep.)
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COMPASS Results Compare with 

E615 Experiment with W Target

2024/08/07

• Comparison with E615 252 GeV data

Reasonable agreement at high mass, systematics above at low mass.

Systematics of  

E615 = 16% (no 

kinematic dep.)

𝜏 =
𝑀2

𝑠
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COMPASS Results Compare with 

DYNNLO Calculation
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• DYNNLO Calculation (Phys.Rev.Lett.103:082001,2009)

- NH3−He PDF : molar fraction of nCTEQ PDF.

- Calculations for the NH3−He target are based on private 

communications with Wen-Chen Chang (Academia Sinica).

• COMPASS data has nice agreement w/ DYNNLO 

calculation of xFitter and JAM. The normalization from 

GRV is low. The reason could be the low valence 

contribution from GRV.

Valence @ Q2 = 9.6 GeV2

Phys. Rev. D 102,

054024 (2020)
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Differential Cross Sections in 𝑞𝑇
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These 𝑞𝑇 dependence data 

could provide further constraints 

on pion TMD PDF.
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Mean <q2
𝑇> versus x𝐹 for Two Targets
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Phys.Rev.D 39 (1989) 92-122

𝟒. 𝟎𝟑 < 𝑴 Τ𝑮𝒆𝑽 𝒄𝟐 < 𝟖. 𝟓𝟓

𝑬𝟔𝟏𝟓,𝑾 𝒕𝒂𝒓𝒈𝒆𝒕

• <q2
𝑇> is studied to observe 𝑞𝑇 broadening effect which 

indicates the stronger quark multiple scattering in heavier 

target. 

- <q2
𝑇> increases for W target

- <q2
𝑇> drops as 𝑥𝐹 increases (for both targets).
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Differential Cross Sections for Various Targets versus x𝐹
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The ratio of Drell-Yan cross sections between heavy and light nuclear targets 

provides an access to cold nuclear effects.
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Future Projects for Pion PDF Study
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• AMBER : Pion induced Drell-Yan process, positive and negative pion beam on carbon 

and tungsten target.

To measure poorly 

known sea quarks.

• EIC : Leading-neutron DIS process, 10 GeV electron beam collides with 135 GeV proton.

Wide kinematic coverage to 

better constrain not only gluon 

but also valence.

EIC white paper

https://arxiv.org/pdf/2103.05419

Q2 = 10 GeV2

AMBER proposal

CERN-SPSC-2019-003 (SPSC-I-250)
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Summary

2024/08/07

• We report the new results from the pion-induced Drell-Yan cross sections 
measurements on several targets from COMPASS.

• These new data provide independent check of previous NA10 and E615 
data. In terms of the normalization, COMPASS is better consistent with 
NA10 data.

• Multi-dimensional differential cross sections from these new COMPASS data 
would lead to improved extractions of pion PDFs as well as unpolarized pion 
TMD PDFs. Especially our data from light target (NH3−He )could reduce the 
nuclear effect in the extraction.

• The new COMPASS data also provide new information on the nuclear 
effects of the Drell-Yan process, including the 𝑞𝑇 broadening and the 
partonic energy-loss effects.

• Future measurements on the pion PDFs are anticipated for the upcoming 
AMBER, JLab, EIC, EicC.
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