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d PDF-TMD relations
d TMDs: numerical predictions
d general comment on DIS kinematics

d summary




O Model of non-interacting quarks fulfils the requirements of
Lorentz invariance & rotational symmetry of (3D) quark
momentum distribution in the nucleon rest frame.

O Model implies relations and rules:
= between 3D distributions and structure functions
= between structure functions themselves

O For example: WW relation, sum rules WW, BC, ELT;
helicity«<>transversity, transversity«pretzelosity,...

Relations between different TMDs, recently also TMDs«<>PDFs

See our recent paper and citations therein:
A.Efremov, P.Schweitzer, O.Teryaev and P.Z., Phys.Rev.D 83, 054025(2011)
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[A.Efremov, P.Schweitzer, O.Teryaev and P.Z. Phys.Rev.D 80, 014021(2009)]




1. UNPOLARIZED

:_10’[]“1’@)] «2_( p%)
ﬁ(x,pT) TL'W dy Yy y={;’(x,p%) g(x,pT = x| 1+

For details see:
P.Z. Phys.Rev.D 83, 014022 (2011)
A.Efremov, P.Schweitzer, O.Teryaev and P.Z. Phys.Rev.D 83, 054025(2011)

The same relation was obtained indepedently:
U. D’Alesio, E. Leader and F. Murgia, Phys.Rev. D 81, 036010 (2010)

In this talk we assume m—0




2. POLARIZED

2x =&

gcll(xapf) — 2 Ka(xva) )

a _ X ga
hi(x.pp) = SK@.py) Known f;(x), g,(x) allow us

gir(e,py) = KCepy) to predict unknown TMDs
hip(x,pr) = —K(x,py) ,

19, p,) = —K9(x,p,) .

1 d , o d af «
K(x,pr) = m;‘32M2 (ZL Ty g1(v) +3g1(5) —x gc}és) )
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LO at 4 GeV?
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1 Gaussian shape - is supported by phenomenology
- <p> depends on x , is smaller for sea quarks
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see &3 g

PZ, Eur.Phys.J. C52, 121 oF ;

o ’ 025 0.5
ﬂq(x) - Pq(I’T)

Fig. 1. The quark momentum distributions in the rest frame

of the proton: the p and pt distributions for valence quarks

Py .val = Pg— Pg and sea quarks Py at Q2 — 4 GeV2. Notation:

P Input for f, (x) u, 4 is indicated by a solid line, d, d by a dashed line and s by a
MRST LO at 4 Gel/? dotted line

Calculation of (p), va1 gives roughly 0.11 GeV/c for u and
0.083 GeV /c for d quarks. Since G, (p) has rotational sym-

metry, the average transversal momentum can be calcu-
lated to be (pT) =7n/4- (p).
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o)
- Hadronic data:
SIDIS, Cahn effect

<p:> = 0.6 GeV/c ]

Further study is needed!
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at p,=Mx. It is due to the factor: | 2x—¢ = X(l -

The situation is similar to the g, (x) case:

p+m M

2 3
Z2(x) = %J.H(PO)(pl - (®') —p1/2 )5(—p0 —p’ —x) d’p

With our choice of the light-cone direction:
= large x are correlated with large negative p?
= low x are correlated with large positive p?

: both expressions have opposite signs
for large and low X

E155 experiment




q'(x, pt) = %(f? + g7)

~ el =L
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one can replace (in any reference frame):
Po —P1
Po— P,

Xp =2 X =

For details see P.Z. arXiv:1106.5607[hep-ph]



rot. sym. #
Po +P1
< <
0= M =1

Combinations (+,-) of both imply:
0 <|pi| < po =M, |}91|§%

|

|

|
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™~
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Conditions for equality x, x5
are satisfied

OR:

pr > M2 — B FX

X, Xz cannot be
identified!




(.

x # x5 would imply experimentally measured structure
functions (x;) cannot be compared with the light cone
calculations (x)

x=x, and p,~M/2 - are contradictory statements
Obtained constraints are model-independent

Our covariant model assumes x = x,; and we observe
that p,, p obtained from corresponding analysis of

structure functions are always less then M/2. It is only

consequence and illustration of general conditions
above.




Summary

We discussed some aspects of quark motion inside
nucleon within 3D covariant parton model:

We derived the relations between TMDs and PDFs.

With the use of these relations we calculated the set of
unpolarized and polarized TMDs.

We again demonstrated Lorentz invariance + rotational
symmetry represent powerful tool for obtaining new

(approximate) relations among distribution functions,
including PDFs <« TMDs.

We discussed kinematic constraints due to rotational
symmetry (model independent)



Thank you!
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3D covariant parton model

d General framework

>
e- >
>

Ao(x,0%) ~ |A|?

A|* = LapW™

The quarks are represented by the quasifree fermions, which
are in the proton rest frame described by the set of distribution
functions with spheric symmetry

Gi(po)dp;  po = {ym*+p?,

which are expected to depend effectively on O?. These
distributions measure the probability to find a quark in the state

I ¢ in I
up,An) = — ; =NGY;n = AQ;n,
(p ) ‘/N ( pg)fm gb)un ) 2 (bﬂn d)/tn

where m and p are the quark mass and momentum, 1 = £1/2
and n coincides with the direction of target polarization J.

Wb =
F1(x, 0%)
I2(x, 0%)
g1(x,0%)

22(x, 0%)




Structure functions

The distributions allow to define the generic functions G and AG:

G(po) = DY e2Gq(po). Gy(po) = G5(po) + G (po).

q

AG(po) = D e2AG,(po). AG,(po) = G5(po) — G5 (po)

q
from which the structure functions can be obtained.

e

g1(x) = IAG(pO)(ni + P + )b L&OL —x)—Bpo .
22 | a3

-4 oo+ B2 (g o)

Do +m

If one assumes O? > 4M°x?, then:
— M2 (potpr _ \dp
Fa(x) = My jG(po)a( = x) 1
1




F,, F,- manifestly covariant form:

2My Y
where
_ 1 (L2 (ﬁﬁ_ d’p
A PqIG(M)[m pqlo Py g
_ 1 (~(2PN\[ (P2 . )Py pg (EQ__
B=7; (’(M)[ ) > |oUBy
_ - ﬁ)z
y = ] (Mq




g, g,- manifestly covariant form:

g5

g1 = Pq(Gs— ﬁGp), gy = (PQ) Gp,

~ _ _m S( pP )I: pS 1
Gr 2Pq .[ AG( M JL pP+mM b+ mM \P

u=q+(gS)S -

Gg=-li—jAG(%§)[1+ pS__ M,

. pu
pP +mM m S - Gir

qS)}

(Lq) p
M

2rq) ]




Comments

- In the limit of usual approach assuming p = xP,
(i.e. intrinsic motion is completely supressed)
one gets known relations between the structure
and distribution functions:

Fa(o) =x Y eiq()| @) =+ D eda"®) - @)
q q

0 We work with a ‘naive’ 3D parton model, which is
based on covariant kinematics (and not infinite
momentum frame). Main potential: implication of
some old and new sum rules and relations
among PDF’s and TMDs.




IN PROTON SPIN



1) electrons in atom:

d=~10"m, p=~10-°MeV, m,~ 0.5MeV, B =~ 0.002

2) nucleons in nucleus:

d~10"m, p=~10°MeV, my ~ 940MeV, B ~ 0.1

3) quarks in nucleon:

d=10Pm, p=~10°MeV, m.~ SMeV, P =1




conserved. So, we can have pure states of j (j?,j,) only, which are
represented by the bispinor spherical waves:

Vo (p) = S0=R) i Jpo+m Q. ()

Kilj- = —— . )

' Py2po i Jpo =1 Q3. (@)

wherew = p/p, [ =/ % A = 2j— [ (I defines the parity) and

0 % Yii1n(m) ]
J.1.j- (0)) - = > =] 77
=T Yii1n(m)

—-+1

QL]:]—: (m) - i_+]_¥+1 ’ ] - -] + -
Sz Vi1 (o)

[P.Z. Eur.Phys.J. C52, 121 (2007)]



Forj=j.-=12and/ =0 :

|
Yoo = ,
00 i

Vi (P) =

o(p — k)
pJ87mpo

Yio=1i i cos0,

B PG R ;
Y1 i e smbexp(ip),

()
|
_ o= | cos0
\ smbexp(ip) )

For the superposition

¥(p) = [awis(p)dk: [ atardk = 1

the average spin contribution to the total angular momentum is
calculated as

(s) = J“P+(P)E:‘P(p)d3p; X = %( G G )




(s:) = | apay

167tp2po

__ L * | 2m
= 5 Iapap(3 - 30, )dp.

(po +m) + (po — m)(cos?0 — sin*0) P

(I-) = % Ia;ap(l - pﬂo)dp.

In relativistic limit:

m < pPo

= (s.) - 106, (L) > 1/3.

=

... in general: (lz) — 2<SZ).

only 1/3 of j contributes to 2




0

J,=(s)+{)=1/2

0. 0.5

relativistic limit:

m/p,— 0

m/po 1.

non-relativistic limit:

m/p,— 1




(s9) = j o9 (x)dk. (19) = j 04 ().

H. Avakian, A. V. Efremov, P. Schweitzer and F. Yuan
Phys.Rev.D81:074035(2010).

J. She, J. Zhu and B. Q. Ma
Phys.Rev.D79 054008(2009).

Our model: jg‘f(x)dx = IAG (po )(— — = 3, )a?g

J‘hL(l)q(x)dx = IAG(po)(l —~ ;;"—O)d:‘p.




1. wavefunctions (bispinor spherical waves) & operators

(s7) (1)
ja a +2—m d LJ.a"‘a (1 —2=)d
2 p 3po )P 3 ) dpp o 4P
2. probabilistic distributions & structure functions (in our model)
Ig‘f (x)dx _th(l)q (x)dx

318Gy (po) (4 + 2 )d'p | L[ AG (o)1 - )P

arapdp < AG,(po)d’p, AG.(po) = G (po) — G,(po)

=>» Also in our model OAM can be
identified with pretzelosity!




