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COmmon Muon and Proton Apparatus 
for Structure and Spectroscopy

COMPASS

SPS

COMPASS facility at CERN

� Fixed target experiment at the end of M2 SPS beam line
� Nearly 220 physicists from 13 countries and 24 institutions

LHC

Switzerland
CERN
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Proton parton distribution functions (PDFs)
NNPDF Collaboration (2017)
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• Their result is quite 
different from GRS, and 
much softer at large x.

• It may be important to 
check this new result with 
a different approach.
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[8]: Hecht-Roberts-Schmidt (2001)
based on DSE
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Chiral constituent quark model (CCQM)
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Effective interaction Lagrangian:

Relationships between the dressed and bare states:

Constituent quark = Dressed current quark

U = Zu u0 + aπ dπ
+ + aπ

2
uπ 0 + aK sK + +

aη
6
uη

D = Zd d0 + bπ uπ
− + bπ

2
dπ 0 + bK sK 0 +

bη
6
dη

S = Zs s0 + cK uK
− + cK dK

0 +
2cη
3

sη
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This shows the 
Goldstone boson 
spectator process.

Diagrams contributing to the constituent quark structure:

This diagram probes 
the structure of the 
Goldstone boson 
itself with the 
constituent quark 
being spectator.

Dressing corrections to constituent quarks

(a)                                              (b)                                                 (c)

Via this diagram 
the 
renormalization 
constant is 
calculated.



Akira Watanabe (IHEP) NFQCD2018 @ YITP (June 11, 2018) 10

The infinite momentum frame is utilized to calculate the 
contributions. Since all the particles are on-shell in this 
frame, one-dimensional convolution formalism can be used 
throughout the following calculations.

Splitting function

This function gives the probability to find a constituent quark 
j carrying the light-cone momentum fraction y together with 
a spectator Goldstone boson (α = π, K), both of which coming 
from a parent constituent quark i.

Formalism in infinite momentum frame

Pα j /i x( ) = Pjα /i 1− x( )

Pjα /i y( ) = 1
8π 2

gAm
f

⎛
⎝⎜

⎞
⎠⎟

2

dkT
2∫

mj −miy( )2 + kT2
y2 1− y( ) mi

2 −M jα
2( )2
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Dressing corrections

qj x( ) = dy
yx

1

∫ Pjα /i y( )qi
x
y

⎛
⎝⎜

⎞
⎠⎟

qk x( ) = dy1
y1

dy2
y2

∫ Vk /α
x
y1

⎛
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Pα j /i
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y2
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qi y2( )

(a)                                              (b)                                                 (c)

Can be 
evaluated by 
moments of 
the splitting 
function
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We define the moments of the splitting functions,

As for the first moments,

In terms of those, the renormalization constant Z is then given by

We find Z ~ 0.7 using the standard parameter set.
Numerically, about 75% of the deviation from Z = 1 comes 
from the pion dressing and the rest from the kaon.

Moments and renormalization constant

xn−1Pjα /i ≡ dx
0

1

∫ xn−1Pjα /i x( )

Pjα /i = Pα j /i ≡ Pα

Z = 1− 3
2
Pπ − PK
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Quark distribution functions of π+

We explicitly write down the quark distribution functions of π+

using the splitting functions. Here u0(x) and d0bar(x) are the bare 
quark distribution functions.

P⊗ q ≡ dy
yx

1

∫ P y( )q x
y

⎛
⎝⎜

⎞
⎠⎟

dx
0

1

∫ u0 x( ) = dx
0

1

∫ d0 x( ) = 1

where

u x( ) = Zu0 x( )+ 1
2
Puπ /u ⊗u0 +Vu/π ⊗Pπd /u ⊗u0 +Vu/π ⊗Pπu /d ⊗ d0

          + 1
4
Vu/π ⊗Pπu/u ⊗u0 +

1
4
Vu/π ⊗Pπd /d ⊗ d0 +Vu/K ⊗PKs/u ⊗u0

u x( ) = Puπ /d ⊗ d0 +
1
4
Vu /π ⊗Pπu/u ⊗u0 +

1
4
Vu /π ⊗Pπd /d ⊗ d0

dx
0

1

∫ uval x( ) = dx
0

1

∫ u x( )− u x( ){ }
                  = Z + 3

2
Pπ + PK

                  = 1



1. Assume the functional form of VQDF at Q=Q0: 
vbare(x)=Nxα(1-x)α

2. Calculate the dressing corrections
3. Assume the values of α and Q0, and perform the 

QCD evolution from Q=Q0 to 4 GeV
4. Compare the result with that of Aicher et al.
5. Vary Q0 to fit ours to their result
6. If cannot fit, vary α
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Procedure



Akira Watanabe (IHEP) NFQCD2018 @ YITP (June 11, 2018) 15

vdressed(x) of π with original input set

• The suppression 
at large x is well 
reproduced by 
evaluating the 
dressing 
corrections.

• The first 
moments are 
quite similar to 
each other. 0
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VQDFs of kaon
• The resulting vdressed(x) depends on vbare(x) at Q=Q0.
• Once vdressed(x) at certain Q2 is assumed, one can 

investigate vbare(x) at Q=Q0 via the presented 
framework.

• There are available experimental data for the valence 
u quark ratio uK/uπ.

• Evaluating the dressing corrections and performing 
the parameter fit with the ratio, one can study the 
VQDFs of the kaon.



1. Multiply vπ
dressed(x) at Q by the ratio uK/uπ and 

obtain the kaon VQDF (result 1)
2. Assume the functional form of the bare distribution 

in the kaon at Q=Q0: vK(u)
bare(x)=Nxα(1-x)β

3. Calculate the dressing corrections
4. Perform the QCD evolution from Q=Q0 to higher Q 

and obtain the kaon VQDF (result 2)
5. Compare the result 2 with the result 1
6. Vary α and β to obtain the best fit
7. VQDF of the sbar quark can be also calculated via 

the assumption: vK(sbar)
bare(x)=Nxβ(1-x)α
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Procedure
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Valence u quark distribution of K+

u x( ) = Zuu0 x( )+ 1
2
Puπ /u ⊗u0 +Vu/π ⊗Pπd /u ⊗u0 +

1
4
Vu/π ⊗Pπu/u ⊗u0

          +Vu/K ⊗PKs/u ⊗u0 +Vu/K ⊗PKu /s ⊗ s0

          + 1
6
Puη/u ⊗u0 +

1
36
Vu/η ⊗Pηu/u ⊗u0 +

1
9
Vu/η ⊗Pηs /s ⊗ s0

u x( ) = PuK /s ⊗ s0 +
1
4
Vu /π ⊗Pπu/u ⊗u0

          + 1
36
Vu /η ⊗Pηu/u ⊗u0 +

1
9
Vu /η ⊗Pηs /s ⊗ s0

dx
0

1

∫ uval x( ) = dx
0

1

∫ u x( )− u x( ){ }
                  = Zu +

3
2
Pπ + PK i=u( ) + 1

6
Pη i=u( )

                  = 1

Zu = 1−
3
2
Pπ − PK i=u( ) − 1

6
Pη i=u( )
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Valence sbar quark distribution of K+

dxsval0

1

∫ x( ) = dx
0

1

∫ s x( )− s x( ){ }
                 = Zs + 2 PK i=s( ) + 2

3
Pη i=s( )

                 = 1

Zs = 1− 2 PK i=s( ) − 2
3
Pη i=s( )
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Valence u QDF ratio uK/uπ
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Valence u QDF ratio uK/uπ
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Red: vK(u)
dressed(x)

Black:
vπdressed(x) * uK/uπ

Blue: GRS * uK/uπ

Q2=27GeV2
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Resulting “dressed” VQDFs
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Resulting “dressed” valence u QDFs
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First three moments at Q2=27GeV2

[24]: Chen-Chang-Roberts-Wan-Zong (2016)
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• Analysis with new data for the pion
Ø New data of the pion-induced Drell-Yan process at 

COMPASS will be available soon
Ø New pion PDF set

• Analysis for the kaon
Ø Kaon-induced Drell-Yan experiments are planned 

at COMPASS and J-PARC
Ø Kaon PDF set

Future plans



• We have investigated VQDFs of the pion and kaon by 
evaluating the dressing corrections to the constituent 
quarks in the framework of the CCQM.

• We have shown that the suppression at large x for 
vπ(x), which was found in the preceding works, can be 
well reproduced.

• Via analysis on the kaon, we have found a smaller SU(3) 
flavor symmetry breaking compared with results of the 
preceding studies.

• The discussed dressing corrections include corrections 
from very soft gluons which cannot be resummed in 
pQCD approaches.
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Summary


