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Covariant Parton Model

Basics of the CPM p. Zavada, Phys. Rev. D 55, 4290

Partons are free on-shell particles with mass m,

Partonic structure of nucleon at rest is spherically symmetric

No need to work in a specific frame including IMF

p°+p’

~ xp when p%,m? « —q?

It can be shown that x =

M2—m?2

2 2 1 —
Alsom/M <x<1and _pmaxSp Sp‘max_ oM

The distributions are related to covariant functions G(pP) and H (pP) :

0 1
F(x) = jcﬁ <p 1-|v_1p —x) G d°p
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Covariant Parton Model

Original formulation of covariant parton model based on DIS

Parton model assumption : do(e” p) = [ F(é)do(e™ q)d¢

F, , P SY (Pq SV —Sq PY)
PaP,B’P_q o ga,BFl + L€apuvq P_q g1+ (Pq)z 9>

P (»?)
+ A(Puqp + Ppqe) + Bdaqp = 1\; fgppo (2papp — 9ap Pq)8((p + @)% — m?)d3p

n P H(PO)
M p

l€apuvq” ((P +q)* — mz)d3p

:> f1(¥), g1(x), g2(x), and so p-S M »p-S

: b _ boyogH u
gr(x) are obtained @ p-P+mM Pres mp-P+mM "
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Covariant Parton Model 4

PDFs in the covariant parton model (CPM)

3

d°p Po + D1
@ = [ =L 600 (x -2 o + )
h Do §tpo M Po™ b1 G(p°) and H (p®) can be
calculated using f; and
d3p Py + 1y p2 g1 extractions
91(x)—jg %(PO)S(X— W ) p0+p1_p0+m

g» and gr are also obtained... by introducing an auxiliary polarized process

d3p Po + P1 P72~ Efremov, Teryaey, and P. Zavada
hi(x) = JE H(po) 6 (x Y ) Pot 150 T Phys. Rev. D 70, 054018
> The Callan-Gross relation is exact F,(x) = 2x F{(x)
o L . Ydy .
» WW-approximation is not an approximation gr(x) = j 9 () + O(m/M)
X
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Covariant Parton Model

TMDs in the covariant parton model Efremov, Schweitzer,

Teryaev, and Zavada

» Considering unintegrated hadronic/quark tensor with [d3p - [dp, Phys. Rev. D 80, 014021

» Finding the write projection and decomposition of the quark tensor

a

» Using the generic decomposition of the quark polarization vector

__p3 pu_|_5u_% p-3
p-P+mM mp-P+mM

wh =

pli

» Comparison to correlator projections on the Dirac structures and find TMDs

» T-even twist-2 TMDs and g7 (x, py) are obtained Consistent with colinear results?

A consistent and rather systematic approach could be explored
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The Generalized CPM 6

Our new formulation
The quark correlation function is described by

B Gi(p-P) unpolarized case

el = % Tr{®9T ] = P 0(po) §(p* —m?) Tr [(P+m)(G(p - P) + H(p - P) ‘Vs/d’(P)) r]

[, v4, yHy®, v®, o/Fy®

Quark polarization vector

1
u(p) Tu(p) =Tr E('b +m)(1 + vs d(p)) F]

One can obtain TMDs by comparing the generated terms with the corresponding
decompositions of the quark correlator on Dirac structures

TMDs in CPM: A generalized systematic Approch Saman Bastami



The Generalized CPM 7

From standard QPM

Twist-2 + gikpl Sk _
L —r Jir Compare with the
X 58y CPM correlator
!l = g g7 + NV g#ﬁ’ projection, TMDs
- will show up!
¢q[zoﬁ+’y5] _ S% h({ +S; p_‘%p hf‘f ijé{i th Ejka hJ_q
M M? M
Twist-3 M gikpl 5% |,
gt = M - %’} No gluons, no
. - K Gk ik gauge links and so
gt = 7 S%gT+S pMT 7+ MTg%qugﬁf;T g“] NO access to
T - naive T-odd TMDs!
+—A5 T “ 2T 5¢
¢Q[w ] — S h}]
P MO T

(x pT,S)—ﬂdp dpt @] i(p,P,S) 6" —xPT)
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The Generalized CPM 8

Twist-2 TMDs in CPM Twist-3 TMDs in CPM

fil = j{dpgl,} [Mx(p° + m)] —=mmll Unpolarized | g fla = j{dpé} [M(p° + m)]

gi = f (dpi} Mx (@ +m) = p3] et = f {dpg} m(p° +m)]

gllﬂ = f{dp;[} [M(Mx + m)]

[ gt = f {dpsc} m®°® +m) + pf/2]
i = [(apidm@® +m v /2] | )
Polarized qu - j{dp;[} [M(Mx — p®)]
hil = f{dp%[} [-M(Mx + m)]
1q =j dpl [Mz]
i1 = [ aph) (- ] | (e
i = [{apie} im0 +m) +pf]
1 0 0 1
{dps} = dlz) g:(fn)l 5(x . ;[p ) One can readily
p-p see relations between hi = j{dp%[} [M(p° — Mx)]
oy APTHIPY) o pPp the TMDs
Wpic) =25 g 0 g ) \ h#qzj{dpglw}[M(po+m)]
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Numerical Results 9

Leading twist results Input g, which inverts  (py)
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Subleading unpolarized TMDs
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Numerical Results

Input f; which inverts G(p,)
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xeqzﬁfl

We used m = 5 Mel/. Becomes important at

extremely small x
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Numerical Results

Subleading polarized TMDs
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Consistency

New perspective: Lorentz Invariant Amplitudes

( ¢ ¢ I ¢ . ¢ ¢
@I(P. p.S) = MAY + PAL+ pAS + 2 [P JIAS + i(p - S)rsAL + MSysAl

p'S ¢ ])'S G [P S} G [}j S}

— P}’SA’,{ +— ]j}’SAé T ‘SA] 5 ‘SA B; amplitudes are absent
]7 S 1 . because Wilson lines in
2M2 [P p’} ‘3A M&'“W)”}/ﬂPDI)pSO_AIZ + O(B!) the CPM

ed il =% Tr[®9T] = Py 0(po) §(p* —m?*) Tr [(P+m)(G(p - P) + H U (p - P) s d(p)) T |

o A4, As and A4, are zero (naive T-odd) D’Alesio, Leader, and Murgia, Phys. Rev. D 81, 036010
4455 12 found three independent amplitudes. We are currently

investigating how our approach compares to theirs.

o All other A; amplitudes are obtained

o We find only two independent amplitudes (by choice): As = P, 0(py) 8(p? — m?) G4(pP)
Ay = =Py 8(py) 6(p? —m?) H(pP)

m

m m
A =—A45,A, =—A9,47 =——A,, ..
1 M 3416 M 10 » 417 p0+m 3
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Consistency

ggr(ub) LIRQ?()-I-dignggl)()q rrfzf—|—Uf
v EOM relation are all satisfied ) By L) o —afl s gy
L = Az ),

zgr = g + 1J?1T

a Lk d J_(l)q
ho.(x) i (). "
. . . «".(T :::";T + g1 + = hip.
v Lorentz invariant relations (LIRs) hold true (@) + L) R, T i
' 4 gy = g — 21 12 air + 5 If

LIR , |
g (x, pr) — by (@, pr) = by (@, pr), L
rgp = 2L + gL+ TjhlL-

1
rhy = xhy + 1_;2 Wi+ 70 U 91L

2
T th +

zhy = zhy — hy + 21[2 ’u 91T,

1
d
v' WW-type relation are exact gi(x) = f 7}]9?(3’) + §G'¢(x) + O(m/M)

whg = whf + hy + =L ‘2’\[2 hir.

1d -
he(x) = 2x j IRE) + KGO +0Gm/M)

v' linear and non-linear model relations, supported in other model studies

ce . . . e . Efremov, Teryaev, and P. Zavada
v’ The positivity constraints were already verified in Phys. Rev. D 70, 054018
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Summary

The CPM features in the new formulation

* All polarized and unpolarized T-even TMDs are systematically obtained,

* all can be expressed in terms of f; (x, py) and g;(x, pr) which in turn, they are
obtained by the collinear PDFs f; (x) and g;(x)

* T-odd TMDs are absent

 TMD relations expected in QCD or supported by other quark models are satisfied

And possibly:

o Exploring the anti-quark distributions

o Generalization to include off-shell-ness effects IHANK YOU’
o Wish to access T-odd TMDs s 2V Y
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