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Abstract:

GPDs underpin many exclusive electroproduction processes -
Deeply Virtual Compton Scattering, Deeply Virtual Meson
Production - as well as Deeply Virtual Time-like Compton
Scattering. One way GPDs have been parameterized is in terms
of covariant spectator models. It will be shown how the
determination of individual GPDs and the confirmation of
various models rests on measurements of azimuthal
asymmetries, target and beam polarizations, and recoil baryon
polarization.

(Acronyms: DVCS, DVMP, DV, TCS)
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%ﬂ Composition of Hadrons - nucleons
Momentum Distribution & Spin or Helicity or Transversity

* Spin for NR systems, e.g. Spin %::

S, |22 )=1%2|1)2 ) Goudsmit & Uhlenbeck (1925)
* Helicity for Relativistic scattering:

S-p |p,% »=2%|p,£%2 ) 1acob & wick (1959)

* Transversity for Single Spin Asymmetries in Relativistic
2-body or inclusive scattering with n normal to the
plane:

Sn |tV )=tV |1)s )
W|th | i% >>-|- =( | +% >>i| | '% >>)/\/2 GRG & Moravcsik (1976)
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%ﬂ Composition of Hadrons - nucleons
Momentum Distribution & Spin or Helicity or Transversity

* Spin for NR systems, e.g. Spin %::
S, [£%2 )=£)2[£)2 ) NR 3-quark models S ,®S ,8S ;8L
* Helicity for Relativistic scattering & QCD asymp. free:
Sp |p,x%2 »=t2|p,x)2 ) pdf's g,(x) & axial charge

* Transversity for Single Spin Asymmetries in Relativistic
2-body or inclusive scattering -- n normal to the plane:

Sn |t )=tV |1)s )
with | 2% »; =(|+% Yxi|-% »)/V2 pdf’'s h,(x)
& “tensor charge”
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Spin Iin scattering

e “Spinful” processes:

— Compton Scattering y+N->y +N’ 2x2x2x2 P> 8 PT->6 complex
amplitudes

— DVCS y*+N-=>y +N’ 3x2x2x2 P> 12 amps
* (e=>e’+y* beam can be polarized increasing to 20 amps
but reduced by QED factorization & helicity conservation)

— Pseudoscalar Photoproduction y+N-—>m or n +N° P24 amps
— DVmP y*+N->morn +N =26 amps
— TCS y+N->y*+N & y*> £* € P> 12 amps

— How are these spin dependent amps determined?
All depend on Spin of Nucleon - a composite object
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Assigning helicities
DVCS or DVMP

h,h",Ap,Ap’, Ay’ = A >
T PP Y"Gh,h' Z/\V Ah yf/\y,/\p;/\y’,/\p’/ Q
e’ .h
( / q =q+A, Ay’
a) <2, :‘55

One y* exchange

=k-A,N°
= Order aggp )

p’=p-A, Ap’
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Time-like CS

Ay, Ap,\p’,h,h" — N AV ,
TRVARAR “6h,-h' z/\V' Ah ' f/\y,/\p;/\y’,/\p'/ q-

¢/,h’
[

q’/\i}"ls? ._-,--féf, =C|+A, /\y'

p’=p-A, Ap’
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DVCS Phase angles (or TCS viewed backwards)
T 2
E?Y\Amplitude

Angle between
transverse spin
and final state

do TRy

drpdyd ANddile) 1672 021 1 &

y:(qu) ey M
(Pk,) o

e between planes

(diagram from Belitsky, Kirchner, Muller, 2002)
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DVCS & DVMP Y*(Q2)+P—(y or meson)+P’
partonic picture - leading twist

(a)q 2 “55 q+A
Li ht cone k ";,12 _'5:."’55 kl =k —A
variables { kT*—XPJf y +T N TC)p+}
P* =(p+p’)/V2 ey 2) =(X-
(p+p)/ / CPD
P+ P'+=(1—C)P+
- Prr=-A }
Factorized
C—0 Large s ,‘fhandbag”
Regge-like picture Quark-spectator

quark+diquark

X>CT DGLAP A; -> b; transverse spatial
X<T ERBL x=(X-C/2)/(1-T/2); &=C/(2-T)

see Ahmad, GG, Liuti, PRD79, 054014, (2009) for first chiral odd GPD
parameterization Gonzalez, GG, Liuti PRD84, 034007 (2011); PRD91, 11114013 (2015)
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’ ‘@t)nstructing observable quantities

¢ Unpolarized Cross section
h,h",Ap,Ap",A\y'\* Th,h",Ap,Ap’,A\y’
* d(')' oc:zall helicities (T PP )/) T PRIV

for DVCS (& TCS) the Bethe-Heitler process also contributes

figure from Diehl & Sapeta EPJC41
[ : /
l 7’ Y l _/g . B I

P p P Ny P N

! / h,A,AI,A; h"AsA’aA'lw
A0 ’Aﬁ'(k,p, k/, q’,p') =Tphves (kapa k,a q',p') +Tpy ' (kapa k,’ ql’p,)
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> bnstructing observable quantities

=l

p N 0 P
I oAt h,AA AL h A A" AL
Th’A’A ’A"' (kapa kla q,apl) - TDVCS (k D, kl’q ’p) TBH (k p, k,’q p )
QED factorizes

h, A A AL
TDVCS (k p, k', ¢, P)

1 ,AZAL
ZA (k,k',q) Q2fA "(¢,p,¢',p')

h,AA' A'
TBH (k p,k',q'\p )

ZBhA’ (k k’,q A)A2 A AA’(A p,p)
A,
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bnstructing observable quantities
I B
A {% %}
Y

Phases are important!

hoAA AL A" 1 A
TDVCS (k D, k”q p) = ZAh,q (k,k,,Q) Q2 AA’ (qap)q p)
A%
41 4i(1-A-AL+A') +1A, 1_—i(~1-A=AL4A")¢ F-1A, 8 —i(=A=A +A")p FOA
= Aye™ Pl Ay e °f, aa FyApe 4 )9 Fan
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DVCS unpolarized cross section

+2¢€ l f[),.-\;.'\’.,.,.'\’ |2

3% =T ) {2|f*1,:\;4\;,4v ’
AN AL

+ 4y/e(1l+¢€) [COS¢Rc(fll,:\;4\2,A’foeo'\;‘\-'we‘\’)]
~ 4e [cos 20Re(flianaf —I,A;A;,A')]}

For polarized lepton beam

|beam = Al Z {_[1 Ve(l —€) sin éIm(fll,A;A;,A'f(),.-\:.'\g,.'\’)}

AA AL

For DVt set Ay'=0
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Cross section with ¢ modulations & beam/target polarized

d*o
dz 5, dyddt

r FL-'U,T -+ fFUU,L + €COS 2¢F§(LS2¢ + 4/ 26(6 + 1) COS¢F8°:,¢

Si|[|v/2e(e + 1) sin 6 Ff3? + esin 2

S, [Siﬂ((ﬁ - d)s) (FZE;E$—¢S) + CFZ.i“ i—¢5)) + € (sm( ¢S)F[S;h d+os) + sin(3¢ _ ¢S)Firi;(3¢—¢s))

i

+ + 4+ o+
[\
m
S
[a—
+
o
TN
2
=
©-
n
<2
~N =
S
1%}
+
£,
=
5
B
|
©
n
p—
<2
©

Fsin ¢

Ay = /(1= ) LU

Fyur+eFyuL

h\/2¢(1 —€) sin oF}p

€(1 —¢€) cos ¢ F} S¢)]

S ¢s + COS(2¢ _ ¢S)FICJ?I?(2¢_¢S)

)}

)

P Ne—y —Ne— \Jele+1)singF;? | _esin 2HFEn20
LI’L — —_
Ny,=4 + Ng,=- Fyur +eFyu,L Fyur + ¢ Fyy,
Fyrpr _ dor Frror _ dos 059 _ doLr
vuUT dt . UUL dt B U dt
08 d sin ¢ do’ 4
Flf'b'zé = _:ITs LU‘p= stT
4 = Ne=e NS NS - NG vi—e Frp N Ve(l —e€) cosp 5
LL = =
Ng,—4 + N, = Fyur + €Fyu,L Fyyr + eFyy L

from Diehl & Sapeta; Bacchetta, et al. SIDIS Review; ...
12/1/15 U. Va. - G.R. Goldstein
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ﬂ Asymmetries & helicity amps for DV«

structure functions for the unpolarized beam and single transversely polarized target,

in(¢—0s) — Ax A i . p— — pom
FZ};‘ST = QmF} —CQ“'"'ZJ’+ fior =Sm[fio" fio" + fio "fio ]
A7

Fsm(t,b—qbs) Qm 'F(](J = Sm Z +'\ *fO()A

UuT.L

[ pdde pe — e

Jm | oo " foot + foo " foo ]
sin(@4+¢s) __ + 4N g _ ++ - e p4 4
Fup® ™ = SmF; =Sm wa Ffoio = Sm[—fi" fio + fio " fio']
in(3¢+ds) _ - A's p+A _ e e pe— pep]
Fyr V= QmF 7 =3m me fIo =8m fio""fio — fio Tfio)

sings  _ +— _ +A’ AN [ pdde ot e p— ]
Fop® = SmFyy” ngf “fooo = Sm | fiy" foo + fio " foo |

A
sin(2¢0—¢g) _ e ~A'w p4A [ i —— -
Fip = YmF|,;" =8m z :fw oo = Sm[fio" foo + fio oo ]

A

and three for the longitudinally polarized lepton and transversely polarized target,
Fip ©% = ReRy =R 3 _fii’ "fig" = Re[f6" fu" + fio"fua

FCOb Q S

*—\" —.-\' * - A po T
o = Re me fooo = Re[fio™" foo + fio "foo |

Fz%s(2¢—¢s)

B A [ p— ——
Re Fiy" =Re me\ o = Re[fio" foo” + Fio
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ﬂ How do GPDs enter in helicty amps?
GPD definitions — 8 quark + 8 gluon (twist 2)

Momentum space nucleon matrix elements of quark field correlators
see, e.g. M. Diehl, Eur. Phys. J. C 19, 485 (2001).

dz~ up+ .
= [ = '\ N|Y(—32)7v v (52) [pA)] L Chiral even GPDs
2J 2« : #=0.20=0 || jyti, et al. > “flexible
........ icTeA o atian?
_ N irrgia~ q |0 o parameterization
a 2P o U A) {fmq T om }u( A); | How to measure
1 Fds | and/or
el e ea’.rP*z‘@l’ N| '@(—;Z)’}’+’?Jﬁ'( z) |p, M) parameterize them?
2) 2« =TT 2 @=0.2r=0"1 " > Jj sum rule
1 - d AT
= QPT’U(P',/\’) {EH"'}*% +E? '}Qm ] u(p, A), .
' (J5)=4]dx[H(x,0,0)+ E(x,0,0)]x
1 dz™ ;.p+.- ; ™
5| 5 T WNI(=32) i (3 b N)|
T | =t Chiral odd GPDs
o n i i Fd PTAT—=ATP -> transversity
T 9p+ u(p’, ) |iH’1 0" +H; m?2 — How to measure
' . ' and/or
+ Efj 'j"*A"Q;IA+'}" N E‘} ~t Pt ; P+","‘] w(p, ) parameterize them?
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Normalizing GPDs - Chiral even

Form factor, Forward limit

1
J.Hq(x’gat)dx = Eq(t)’ Hq(x’O’O) = q(x) Integrates to charge
0

1
qu (X,é,l‘)dx = qu (t) > Anomalous magnetic moments
0

[ B,(x.e.0dx=gi(1), H,(x.0,0)=Ag(x)=q2(x)- g5 (x)

Integrates to axial charge

1
JEq (x’fé’t)dx — g;]) (t) Pseudoscalar form factor
0

12/1/15 U. Va. - G.R. Goldstein 19



¢N‘ow do we normalize chiral-odd GPDs?

Some Physical constraints on the various chiral-odd GPDs are
Forward limit ) .
H_ (2,0,0) = ¢, () —¢/(z) = h(x)  Transversity

Int tes to tens h o)
Form Factors htegrates to tensor charge g,

| H (1,&,t) de= 8q(1)

‘.E;(x,ﬁ,t) dr = J(Zﬁ; + Eg,)dx =K7.(1)

“fransverse moment"” K;°

jET(x, Et)dr =0

No direct interpretation of E+.

12/1/15 U. Va. - G.R. Goldstein 20



°\ Factoring hard from soft including helicities

h,h’,Ap,Ap’,A\y = A
T PRy —6h,h’ z/\y Ay yf/\y,/\p;/\)/',/\p'/ @
AL AL ‘
f}\-, JUALAN = g)“;\f (X: Ca ta QZ) & A.‘\’.)\’:.‘\./\(Xe Ca t)a
A
t,h
Ah/\)/ S el " / C|,=C|+A, /\y
V‘ﬁ'—; ‘_‘I‘I’—
eh (@ ,/\]%7_, o
Hard amp y* + quark I T, Ky
. T \_ ~ /_’_\J - ~ 7
2y +quark” g ) (,)\/ N =K=A N
______ L= "::"':;153;'. 7
Soﬁ: amp AAp-._.-. _____ 5 }
p~> quark(k) : quark’(k’)=>p’ / \
~ GPDs
“=p-A, N\
0. Ap p'=p-4, Ap
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How do GPDs enter in helicty amps?
GPD definitions — 8 quark + 8 gluon (twist 2)

Momentum space nucleon matrix elements of quark field correlators
see, e.g. M. Diehl, Eur. Phys. J. C 19, 485 (2001).

1 fdz” supta—y 1 s ahy(— 1 a1
2 21 € (P, A w(_'zz)’} U(QZ) [P, A) z+=0,27=0
| R | e Y ict*A,
= ——u(p A\ | H%%y E9 A
5P+ u(p', ) {m'\ + o u(p, A), i

S P N (= 12) v w(R2) [p, A)

£ e — "-',A+
= 5, N) {g_._,% “om

z7=0,27r=0

] u(p, A), _|

........

e

To obtain helicity amps expand quark field operators in
creation and annihilation operators in the helicity basis

A)\p’,)\’;/\p,)\
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Ape it

Ay s

A4y =

A

Ao

A
T

A
Ty

12/2/15

A Helicity amps for quark GPDs

\/72 HY + HY €2 E9+ E9
1-=¢ 2 1-¢€ 2 Chiral even GPDs
. . Liuti, et al. > “flexible
_ 2 _ ’
1 -—¢2 (Hq 5 AT ] § e E 5 Eq) | parameterization”
\/ to—t F9— qu
2m 2 '
\/F { B9+ §Eq
2m 2 -
Vio—t Ei + ES =
' 0 ( + (1 - 5) T ) )
2
Vio—t — EY :
Hi 4 (1482271 Chiral odd
2m ( FHa+9” " ) ’ | GPDs

V1— &2 H"+t0 H — & E7 + §_fo
T am? 1—g2 T 12t

—f o

\/1—52 oz Hi

U. Va. - G.R. Goldstein 23
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Procedure to construct GPDs & observables
Spectator diquark model & Reggeization
A, k=XP" [a_g or 1 A, K =(X-0)P

A P/‘F>X+:(1-X)P+ '\i\"’*(l- C)P*

Product of diquark l.c.w.f’s —A, \. ax

v
{AM;,\,;\ —> chiral even GPDs }

v
[ g ® A — exclusive process helicity amps }

v
{ pdf’'s, FF’s, da/dQ) & Asymmetries: parameters & predictions }
|

¥
[vertex parity—A,. r = chiral odd GPDs—=>pdf’s, ... }
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% Recursive fit GRG, Gonzalez Hernandez, Liuti, PRD84 (2011)

Advantage: control over the number of parameters to be fitted at
different stages so that it can be optimized

Functional form:

pdf’s

Form Factors
do /dQ
Asymmetries

&+, (1=x)"1]

Gala2a3“(x,§,t)

"Flexible” parameterization based on the Reggeized quark-diquark el.
—
uarks and gluon parametrization, work in pregress

U. Va. - G.R. Goldstein
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70

Ay s = [ Ehigion (K, PIosa(k,P),

ik, \U(P, A)

¢A,z\(ks P) = P(k)

U(P', N)u(k', X')

k2 — m2

San (K, P) = T(K)

¢\ (k, P) = A(m+ MX)
o' _(k, P) = A(k: + ika),

¢__(k,P) = ¢++(k,P)

Details of Regge-diquark model

Scalar diquark - helicity “amps”

l.c.w.f. ‘s

k? — m?

I'=gs—

q
(k2 — M1?)?

Add axial vector diquark = helicity amps

¢—+(ksP) = —él—(ks P)

. [2I?T(X, 0,) + Er(X,0, t)]

h |

diquark = A helicity “amps”
— GPDs - convolute with
hard amp - CFFs with

helicity > DVCS f’s

combine with lepton vertex

- e+p—2e+y(orp,w, TN ...)+p
amps - observables

12/3/15

Chiral odd GPDs = helicity amps

Hyp(X,0,t)

g tA
T T Ty Ty
= A A AT - AT
Avv A
T, T Tx T
= A0 AT AT AT

T2 Hp(X,0,t) = —A_, ,_

- AT+ A

ET(X,O,t) - A++'_+_ - A__+_,__ — 0

U. Va. - G.R. Goldstein
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Chiral even GPDs

0
A RN RN R N S
8 t=0.13, Q*=1.1 GeV* -
6 /A -t=01-11GeV?
; ~ CE, —-4
0 ! —-6

o b AR B U NER R RN RRTI R \E
02 04 06 08 02 04 06 08
X X

12/1/15 QCR2035 GR.Geldstein

From GPDs
with evolution
to Compton
Form Factors

CFFs to helicity
amps l

helicity amps to
observables

<-> parameters
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@alence quark angular momenta - from “flexible” chiral even model
led To EM form factors, pdf's & some cross section & asymmetry data

Gonzalez Hernandez, Liuti, GRG, Kathuria
PHYSICAL REVIEW C 88, 065206 (2013)

0.1 * This paper
i * Bacchetta Radici
0.05 * Lattice (2010)
* Diehl Kroll
Thomas
—-0.05 | $-
0.1
0.15 |
Q? =4 GeV*?
0.2

0.15 02 025 03 035 04 045

Improved precision based on EM Form Factor measurements
G. D. Cates, et al,, Phys. Rev. Lett. 106, 252003 (2011).
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How to single out chiral odd GPDs?

X Exclusive Lepto-production of TT° Or 1, T]’
to measure chiral odd GPDs & Transversity

+1,0 //
" g nos of C-odd
1- - exchange
p&w
1*- exchange
e'g' f+1+,0—(SItIQ2) TCO
//1
Longitudinal/f‘ Ak +1,0 v’
/ Transverse y* ;1 &h,
3
P =Kfe{vs 49 () + vsuady’ (D)} a2 N2
N N
t-channel J P¢ quantum numbers enhance chiral odd
30
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hy consider chiral-odd GPDs? Why go beyond leading twist?

0 electroproduction data dictate necessity of transverse photons
CLAS; Hall A separated cross sections ; Asymmetries distinguish models

do/ dt [nb/ Gev?)

200

K
00 F 195
zm»éﬂT
o b 1o

1 1 1 L
Q%=1.74 GeV~
Xp=0.22

do/ dt [nb/ Gev?]

L
0 0.2

1 1 1
04 06 08

-1, GeV*

1
1

1 1
1.2 1.4

I . I L L . 1
o 0.2 04 06 08 1 1.2 14

-1, GeV®

Dashed curve: GGL .. Solid curve: G&K

CLAS: Bedlinskiy, et al., PRL 109, 112001 (2012)

12/3/15

or (Nb/GeV?)

2200
2000
1800
1600
1400
1200
1000

800

600

ainty

er)

0 0.05

0.1

-t (GeV?)

courtesy F. Sabatie, Hall A @ CIPANP

G. R. Goldstein, J. O. Gonzalez Hernandez, and S. Liuti,
Phys. Rev. D 84, 034007 (2011).
See also S. V. Goloskokov and P. Kroll, Eur. Phys. J. A47, 112 (2011).
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o (nb/GeV?)

12/1/15

Hall A data x3;=0.36

courtesy F. Sabatie & M. Defurne

2200
2000
1800
1600
1400
1200
1000

800

600

| PRF“MI/V,q

S

L]
0
bt
|

Ry

Q2=1.5 GeV?

Q2=1.75 GeV?

Q2=2.0 GeV?

0 0.05 0.1 0.15 0.2

-t (GeV?)

U. Va. - G.R. Goldstein
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- 4 _ﬂWe look at Chiral odd GPDs - why? = H.(x,§,t)>
h,(x) Transversity = tensor charges 0,
to get complete picture of spin decomposition

L5 ® This paper Q°=1GeV O Q*=4 GeV
A Bacchetta et al. Q2= 1 GeVZ, exp.x range A full x range
. ® Anselmino et al. (2012) Q°=2 GeV*
1 - O He and Ji (Bag model, 1997) 5 5
- A Gamberg and Goldstein (GVMD, 2003) Q"=1 GeV
O Wakamatsu (CSQM, 2008) Q’=1 GeV>
® Lattice (2005) Q°=4 GeV~

05 7 --------- Lattice (2012) Q*= 4 GeV>
oo-c 0 [revr "-di
I ‘ “ *
. | s 1 __ GG, Gonzaleg, Liuti,
0.5 - e PRD91, 114013 (2015) )
-1 ?-:::::::3: :::
15 ¢ | | Ll | | |
=0 02 04 06 038 1 12 14
)
u
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Observables expressed in bilinears of helicity amps —
6 amps for °

Compton Form Factors

I oo = 9r(Q) ‘/t" L [2fr (110 (6 + Er)r/
_ Vodd VtU 1 1 =~ Cou Iln S V &/or A 2
= Q) 77— oM [HT+2—C 5 CT], PIiNgs g » (Q?)
gVedd(Q) 4 gAodd( ' , 9 N
/, o = 2 29 = y1-¢ [H T HT+ 15528T+ 1_552‘%]
Q) + g2 Q) VI to—t~ /4 C/2
= > 1-¢/2 [H 4‘4.27'( + Cg T+ CET]
A,odd _ V.odd "
f3 f1—0+ — _ 9r (Q) 5 9r (Q) m (;)wth
_ _Qé‘ri’Odd(Q) g2 (Q) V1—C to—t 7
2 1-¢/2 am2z "
fa fio = 97°(Q) \/fl(: - [2777‘ + (1= §€) (ST - ET)]
_ .0 Vio — L/ 1-— C - C "~
= gr‘r/ dd(Q) 2M_ [HT Cg + 5 CET]

Also Chiral Even CFFs

fo G = QVIZE Mk pogen+ gl i 7
fo fit = —gtei@ Y [eer+ &) o1

00 = “9=x oM
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' Selecting transversity

hh x A (27-2'1“ +(1+ )& — (1+ g)gr)
€

to —t .~ 62
HT 1_{:28 '1_62

—

fio o Hr+ Er

4M*

f1—0+ x A? ﬁT
fioo o A(2Hr+ (- O+ (- OFr), < || 2H: +E; =E;

odd & with chiral even Flongs"e"

Compare also f |,

foo = g2 (Q) 1 - €2 ['H'I' + & = =& + €f e ] it —t

2M
% ‘ od Vio Vb
i °) L L [
4 —,even __ C 1 vV to f— E
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++4, even — Vl—c,}?_*_ —C2/4 E
- 1-¢/27 " (1-¢/2)v1—¢

12/1/15 U. Va. - G.R. Goldstein 35



6 helicity amps for r°
after Compton Form Factors evaluated
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iral odd GPDs =

Transversity = pdf’s: h,%(x,Q?)
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ﬂ Extraction of tensor charge--

GRG, O. Gonzalez-Hernandez, S.Liuti, arXiv:1401.0438
PRD91, 114013 (2015)

® ju=039T017  ®d8d=-025707

- ;‘lél;paper Q%= 2 GeV? A du=0.311018 A 6d = —0.271010
: ----- Torino L IR 11 ===
a A A
3 — 2 ———
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. 5 | .
= . ° 6 ! -
= ! . 7| .
j - e 8 e
- . 9 | .
N DA 110 1 | .
N 0.5 1 1.5 -06 -04 -02 0
} QQ*\’Q;\‘ Anselmino, Boglione, et al.,
B & Phys.Rev. D87 (2013) 094019
B e&?* 6u=0.31,,,"%1¢ 6d=-0.27_,,,*010
C \ <6°
10 1, & 1 From our Reggeized form
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Closer to QCD sum rule values
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= How well do the parameters fixed with DVCS data reproduce m°
; electroproduction data?

Hall B data, Bedlinskii, et al. PRL 109, 112001 (2012)
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Longitudinally polarized beam and target
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Longitudinally polarized target
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Beam spin asymmetry

shows importance of H chiral even (CLAS data -DeMasi, et al. )
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Transverse target

» r _ 2 2 % op' ~
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Recoil nucleon or baryon polarization

% (e.g. e+tp2e +K+A1T )

* General form for DVCS or DV (set A,’=0 in formula)

J\.~'4«
FA- Az A 08 fyx

do do_ _
d*; - =T@l-9) > \/ 1+¢) [mwrm(ﬂl aar 3 foanr o1 = Fliaae — 3 foany 1)
h,.-\.,.-\

longitudinal —esin20Im(f7, AL +if-1ar 44 )] |
d0'+._ dO'_.+ -

@ e =T 2 { Vel +9) [%‘n‘*"zm(fu ag s 3fonng -3 F faam - o,A;A;,*%)]

hAAL
transverse

—2¢ [COS 2¢Rc(f:1,‘x;4\;,+%f—1,A;..\:r,—% + f+1,:\::\f._.—%fil,:\::\2,+é)

+sin 2¢Im(f;1,/\;/\;,+.‘3f—l,l\;«\-’-,,—%r + f+1»:\::\f~v— 3 fil,.-\:.'\;,+§)] }

fdoa dcr_,* . . .
—z( add ' ) r Z {_2Im(f+1,n;..\;,+%f+1,;\::\i,—%)"2€(f(),.-\;;\g,+.i;,fo,..\;;\;,—.’3)

in hadron plane

hoAAL
transverse —dve(l+e€)cosdIm(fy gnr v 3 fonnr,—2 = Flinmn -3 fonms 1)
1 hadron plane —2¢ [— cos20Tm(f, a0 (3f 13— f~1,A;Af‘,—%f_lf‘\;A;Hr%)
+Sin 2¢R8(f_:_1,.,\;:\, lf_] AsAY, f-‘-l A; \; lf:l,.'\;;\,'_!,-‘-%)]}
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Recoil nucleon or baryon polarization
(e.g. e+p2e +K+AT)
* General form for DVCS or DV (set A, =0 in formula)

do do_ _
¥ — = I'(2(1 - ¢)) E \/ e(1+¢€) [stIm(f 1,A;A7, ufo'\\.*- f+1\\ —fo\\’ 1)
d® d® vk ’
longitudinal —¢ sin 2¢%m(flld\:‘\:&%f—l,;‘\;A,’.,,+%)](7 Leading terms form

do. . do_ .
d@ + d@ = I‘h;\'{ 1"'C [2blnozm(f 1\\ ,_._:.f()/\\ _—§+f-‘-l\\ _%f()\

—2¢ [COS2 ' Rc(fll,.\;a‘\'.,r%f—l,a\;:\i,,—% -+ f+1,;\::\1,—f;f:l,:\;:\g,+§)

+sin29Tm(f7, o 1 forngod + Froang-3 )

transverse
in hadron plane

fdos dG—.+ . . .
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- Qecoil Polarization & DVPseudoscalar

* cos2@ & sin2@ terms involve transverse virtual
photons => probe chiral odd GPDs (o;>>0, as
previous 1° & n data show!)

. Long: Im {f10++ % flO“ _ f10-+ % f10+-} oc A2 = to-t
* Trans: Im {f ;™ * f,;" £ f,;" * f,,7} O Im{H* (2H;"+E,)}

. fo o+ f A f - f
sin(@-s 10 »t10 sTo »Tio
* cf. AUT (p-gs) oc A0, AL, AL, A? resp.
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Observables expressed in bilinears of helicity amps —
6 amps for °

Compton Form Factors

I oo = 9r(Q) ‘/t" L [2fr (110 (6 + Er)r/
_ Vodd VtU 1 1 =~ Cou Iln S V &/or A 2
= Q) 77— oM [HT+2—C 5 CT], PIiNgs g » (Q?)
gVedd(Q) 4 gAodd( ' , 9 N
/, o = 2 29 = y1-¢ [H T HT+ 15528T+ 1_552‘%]
Q) + g2 Q) VI to—t~ /4 C/2
= > 1-¢/2 [H 4‘4.27'( + Cg T+ CET]
A,odd _ V.odd "
f3 f1—0+ — _ 9r (Q) 5 9r (Q) m (;)wth
_ _Qé‘ri’Odd(Q) g2 (Q) V1—C to—t 7
2 1-¢/2 am2z "
fa fio = 97°(Q) \/fl(: - [2777‘ + (1= §€) (ST - ET)]
_ .0 Vio — L/ 1-— C - C "~
= gr‘r/ dd(Q) 2M_ [HT Cg + 5 CET]

Also Chiral Even CFFs

fo G = QVIZE Mk pogen+ gl i 7
fo fit = —gtei@ Y [eer+ &) o1

00 = “9=x oM
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Time-like CS

~ A , )
h,-h’ z/\V' Ah ' f/\y,/\p;/\y’,/\p'/ q-

¢/,h’
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TCS observables

BH Interference selects GPDs linearly

photon-nucleon helicity amps accessed in TCS
are related to DVCS — kinematics €, t with Q"2
large vs. &, t with |Q?| large

Azimuthal modulations involve y'—>£* € with

q =k, +k_

Leptons form plane w.r.t. (y, p, p’) plane & q°
direction. Orientation of lepton planeis ¢’ .



TCS amps: fr, 1oy np With Y >€7 €
at leading order in t/Q"% (or A/Q”), Ay'=Ny
f+1,+;+1,+: v I—¢2 (‘#4"9?_ : (g'*‘g))

1 — &

g2
fo. =V1I-8 (xﬂ - - (6 - g))

_52

f+1,-;+1,+ - 2m

Same form as DVCS amps — different kinematics
At x=1§ #(-,&,t) = #£*(¢,€,t) & +for other CFFs (from Wilson coeffs)
=>TCS:fpy oy ap” = DVCSS* n) nosay ap (l€2DING twist & -Q*=Q %)

How to get chiral odd GPDs for £* €7
Considerm +p=2€ €+n vs.&+p—> € +m +n
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Summary

Flexible parameterization for chiral even from form factors,
pdfs & DVCS R¥Dq Many predictions

Extended R%Dq to chiral odd sector

DVMP - 110, n many do ‘s & Asymmetries

measure Jransversity

Compared to new Hall A data - showed agreement
within error bands.

Recoil baryon polarization n%n - combinations of
Chiral Odd leading GPDs

TCS - similar to DVCS & different access to GPDs

Transvessity20t4|GR:Goldstein



