Description of non-perturbative dynamics in high energy
hard inclusive processes

Aram Kotzinian
INFN, Torino & YerPhl, Armenia

Spin and Transverse Momentum Dependent non-perturbative inputs (STMDs)
* Only leading twist STMDs
* Processes with electromagnetic hard probe

Parton Distribution Functions: STMD PDF
 DIS, DY, SIDIS, high p;hadron production in pp collisions

Parton Fragmentation Functions: STMD FF
* Hadron production in e*e annihilation: SIA, SIDIS, high p; hadron production in pp collisions

STMD Fracture Functions
e SIDIS

String Fragmentation
* LEPTO, PHYTIA
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QCD factorization: DIS
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Access to nucleon f,%%(x) and g™ (x) leading twist PDFs
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QCD TMD factorization: DY processes
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Access to nucleon, pion and kaon f,(x,k?), g,(x),h,(x,k?)
and h; (x,k7) leading twist PDFs
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QCD TMD factorization: SIA

Access to q+ g fragmentation finctions D, (z,p?)

Two hadron production in opposite hemispheres: acces to Collins FF thq (z,p%)
Two di-hadron production in opposite hemispheres:
£ L L
acces to H; (z), H, (z)and G_(2)
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QCD TMD factorization
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Access to nucleon f"(x), g, (x) and h/(x) leading twist PDFs
and Collins FF H,
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SIDIS: CFR
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d GZ(I,/I)+N (Py,S)—=L(I")+h(P)+X d Gf(l,1)+q(k,s)—>€(|’)+q(k’,s’)
_ hy
2 2 o 1tq,s/N,S ® 2 ® Dq,S’
dxdQ“d¢, dzd “P; dQ

hy . oy PrXST 2 Measured in semi inclusive
Dq,S'(Z’ pT) - Dl(z’ pT) + m Hl(z’ pT) e*te'=>h+X annihilation (SIA)

h
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Twist-2 STMD qgDFs

f,h (X, kr)
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All azimuthal dependences are in prefactors. TMDs do not depend on them
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LO cross section in SIDIS CFR
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8 terms out of 18 Structure Functions, 6 azimuthal modulations
4 terms are generated by Collins effect in fragmentation
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Recursive FF

Field, Feynman PRD 15(1977)2590, NPB 136(1078)1 (A PARAMETRIZATION OF THE PROPERTIES OF QUARK JETS)

"HIERARCHY" OF FINAL MESONS
assumed that for very high momenta, all distributions scale so that they depend only

2 | | = RANK . . .
003 2 - on ratios of the hadron momenta to the quark momenta. Given these assumptions,
@f) (fe) (co) (oe) (ea) . .
) . complete knowledge of the structure of a quark jet is determined by one unknown
‘oo \/ ’ SOME CTOMESY function f(n) and three parameters describing flavor, primary meson spin, and
" transverse momentum to be discussed later. The function f(n) is defined by
3 2 | = RANK
@c) (Zb) (Ba) . ‘ f(n) dn = the probability that the first hierarchy (rank-1) primary meson
PRIMARY  MESONS leaves the fraction of momentum 7 to the remaining cascade, (2.1)

} ARE FORMED

NEW QUARK PAIRS
= - = - KM ;
dd ot pp | BBy cC, . ARE FORMED f(n) — elementary g—>q’ fragmentation

or splitting function

'

ORIGINAL QUARK
OF FLAVOR "o"

Fig. 1. Illustration of the “*hierarchy” structure of the final mesons produced when a quark of
type “a” fragments into hadrons. New quark pairs bb, c¢, etc., are produced and “‘primary™
mesons are formed. The “primary” meson ba that contains the original quark is said to have
“rank” one and primary meson cb rank two, etc. Finally, some of the primary mesons decay
and we assign all the decay products to have the rank of the parent. The order in “hierarchy™
is not the same as order in momentum or rapidity.
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Recursive FF: integral equation

S=1+X+X + X+ =1+ XA+ X+ X +--)=1+X-S
2 2. Single-particle decay distribution F(z)

The above ansatz leads to an obvious and simple Monte Carlo calculation of a
jet as well as to a straightforward recursive integral equation. For example, if we
define a single-particle distribution in the quark jet as

F(z) dz = the probability of finding any primary meson (independent of
hierarchy) with fractional momentum z within dz in a quark

jet, (2.4)
then F(z) must satisfy the following integral equation (take W, = 1)

1
[F(Z)=f(l ~2)+ [ fm) Fee/n) dn/rﬂ, (25

where the limits are automatic since we define f(1 —z) =0 and F(z) =0 forz > 1

or z < 0. Eq. (2.5) arises because the primary meson might be the first in rank (with
probability f(1 — z) dz) or if not, then the first-rank primary meson has left a mo-
mentum fraction n with probability f(n) dn, and in this remaining cascade the pro-

bability to find z in dz is F(z/n) dz/n by the scaling principle. Dividing out the dz
leaves eq. (2.5).

Only longitudinal scaled momentum flow is taken into account
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Generalization to STMD FFs

First MC study with constant spin transfer: Matevosyan, AK, Thomas PLB 731(2014)208
Framework: Bentz, AK, Matevosyan, Ninomiya, Thomas, Yazaki, PR D94 (2016)034004+—— Field-Feynman approach
MC study: Matevosyan, AK, Thomas arXiv:1610.05624 + polarization and TM flow

Final quark polarization

L
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._(‘-_B 2
= A s-H.(z,k?)+
E (kTXST)'Z . ) kT'ST 1 2 T T T

YR VRS L S (Ke S) )

MM T
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http://inspirehep.net/author/profile/Bentz, W.?recid=1435096&ln=en
http://inspirehep.net/author/profile/Bentz, W.?recid=1435096&ln=en
http://arxiv.org/abs/arXiv:1610.05624

STMD splitting function probabilities

Polarized quark to polarized quark splitting functions %~

— 1 7
Fq O (Z’pl;sl’s) — D(Z’pi)_ﬁ(kT XSlT )ZD—#(Z,pi)

1
+(ST S ) HT (Zipi)_l__SlL(kT *St ) Hf(z,pi)

M
1 1 .
+W(51T -K; )(ST -K; ) H#(Z1pi)_ﬁ(kT XSt )-ZHL(Z,pi)
1
+(SlL SL)GL(Z’pi)_I_VSL (SlT 'kT )GT (Z1p_2L)

Polarized quark to unpolarized hadron splitting functions

Fa-h (z,pl;S)z F 9% (1_2’_pL;51 :O,S)= D(]__z,pi)q-ﬁ(kT xST).ﬁHl(i—Z,pi)
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Quark polarization after hadron emission
F&%(z,p,;8,,8)=a(z,p.;s)+B(z,p,;8)s,

1

a(z,p,.;s)=D(z,p?)——(k; xs;)-2H"(z,p?) o and B are
M " linear functions of s
I (Z’pL;S) - SLGL(Z’pi)_ﬁ(kT St ) H,_l(Z,pi) ks =(=k,.k,)
. kT 1 2 kT 2
ﬂJ_(Z’pL’S):_VDT (z,p))+5s, WGT(Z’pJ_)

K
+5¢ HT (Z’pi) +M4T2(ST 'kT ) HTL(Z,pi)

The final quark spin is completely determined by elementary splitting functions < B ( Z,Pp S)
S,)
1

and depends on z, p, and initial quark polarization s
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Integral equations for hadron production

Inserting everything into (LIL.29)) we obtain the following / DNy = / 1 dn, / 1 dipy - - - / 1 dy |
two coupled integral equations '°: : Jo 0 o
DN ;fdz fdf ---/dZ,.—
D':‘?_”)(z:pﬁ_) _ tf(q_}“}(z=pfj'_] [ pL ' P11 P21 PNL
+2 /Iﬁn /D‘*m 8(2 —mmn2)0® (pL — P21 — P11) Longitudinal and transverse momentum

o . 1 Schafer-Teryaev) sum rules
X [d(q @ (my,piL) D@ ](??ml?%ﬂ-l-ﬂ_fm_ﬂz ( Y )

% (p1e - par) dp' 7 (g, p2, ) HHQ=m) (i, p%ﬂ] _.
(IT1.39)

1
th/ dzzfdzplﬂ':q_"h:'{z,pijzl, (11.22)
0

(p1 x s7)* HHa>m (2, p) = (p1 x s7)* A7) (2, p?)

+2 / D / D'p1é(z —mn2)0® (pL — P21 — m2pP11)

Z’Th/ 5 [dzitu pl HH7M(z,p1) =0,

J 0

. . (I1.23)
503 M2 (P11 X ST} h {q_}Q}(i‘]‘ » P1 ﬂ Dle=m) (72, Pzﬂ

) where vy, is the spin degeneracy factor of the hadron and

4 (1;1 (paL X st)? ﬁ.g?"’@ (1, p? ) — e (sT-Pp11) My, its mass. A similar derivation can be given for the

x (p1L x p2u)’ b Y (m,p }) HH@7™) (g, p3,) | - For further details see Matevosyan’s talk
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SIDIS: TER

Trentadue, Veneziano 1994

Graudenz 1994

Collins 1998, 2000, 2002

de Florian, Sassot 1997, 1998

Grazzini, Trentadue, Veneziano 1998
Ceccopieri, Trentadue 2006, 2007, 2008
Sivers 2009

Ceccopieri, Mancusi 2013

Ceccopieri 2013

YYVYY

e x. <0

Anselmino, Barone and AK, PLB 699 (2011)108; 706 (2011)46; 713 (2012)317
Nucleon and quark polarization and produced hadron and quark transverse
momentum are not integrated over.

daé(l,/l)+N(PN ,S)—=>L(1")+h(P)+X dGf(l,ﬂ,)+q(k,S)—)f(l’)+q(k’,s’) P~

=M" ® §=—=X(1-X)
dxdQ’d¢,d¢ d?P, IS dQ? Py
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Quark correlator

(27)
x(P,S [#7(0)['| P,,S,; X )Py, Sy X |w(£7,0,€,) | P,S)
C=y, 775 i0 7
At LO 16 STMD fracture functions. Probabilistic interpretation at LO:

Conditional probability of finding a quark q(x,k,) in the fast moving
proton fragmenting to h(¢,P, ;) moving in same direction = STMD CPDFs

—_ — 1 d§+d2§ - _+__>.
M[F] X ,k : ,P — J—e'(XBPéC ki &1) .
K R =2 s ZI(ZE)ZE
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STMD Fracture Functions for spinless hadron production

Quark polarization

T | ;

Nucleon Polarization

. A ip | iy ] _
U 0, Ky <Py [ & Pr & €r Ky i STMD fracture functions
My M, m, My
depend on
) SL(kT XPT)U\Lh S IA SLI:)T fh 4 SLkT fJ- 2 2
1 L 1L .
mom, ™ m T X ke, & R Ky Py
kr -Pr = Ky P cos(g,, —
P, xS, ar . P.S. o S+ T T T'T (¢h ¢q)
1T
m T P (P, S ) o K. (K, S,), .
" My 1 Se) g, KK S g azimuthal dependence
T K: xS, it k.S, g m; my,
— P, (K, 'S, )~k (P.'S.) . . .
m, m, el Tr:l - BrSe) o in fracture functions
N"""h
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Nonzero fracture functions u,l,t. Useful for modeling.
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LO cross-section in TFR

daﬂ(l,/l)+N(PN,S)—)é(l’)+h(P)+X (XF < O) aZX (1+ (1 y)2>zez
— — X
2 2 4 q
dxdQ?dg, dd?P. yO :
0. (x,¢&, P SPTG“X P*)sin
1 ’g’T et R | ’C’T (¢h_¢s)+
rnh
X
2y(2 S, 1. AW p?
y( _y) LlL(X’é/’ T)+ Tm_lT(X’é/’ T)COS(¢h_¢S)
L h —
Gl(XBigz'PTzz):Idszal
_ A m, k.-P.. . At LO only 4 terms out of 18 Structure Functions,
0y (XB’§2’PT22):Id2kT Oy +—+ =120, Only 2 azimuthal modulations
rnN I:)T2
|~1L(xB,4“2, P2) = IdeT IA1L No Collins-like sin(d,-¢s) modulation
- s My KePr s N t k t larizati
|1$ (X, &, PT22) :J‘dsz {Ig N m2 TP2T2 IE} o access to quark transverse polarization
N T2
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Quark spin in hard /-g scattering

Nucleon and initial quark spin Sy

A’ AK, Yerevan Transversity
,’ Workshop, 2009
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Final quarlml CFR

dO_E(I,i)+q(k,S)—)E(I')+q(k’,s') 2272_“2 1 uz , L, -
KR (5% +u?)(A+s,.5)+ (52 —U?)A(s, +5!)

dQ? q
_28U(s, S ) =AU (s, 1, )(s' 1) =45 (s, ) (s )

s and u are usual Mandelstam variables

’ 2(1-y) CPDFs 'do not know’
ss =D, (y)s;, D, (y)= = Qg =T — @, about final quark spin
1+(1-y) sideway component flip
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Double hadron production in DIS (DSIDIS): TFR & CFR

}1-1 (Pl)

YYYY
et

Xe, <0, X, >0

d O_é(l A)EN (P, S)—=>4(1")+h (P)+h, (R)+ X d Gﬁ(l A)+q(k,s)—>2(1")+q(k’,s")

=M% s ® ® D",
dXdQ2d¢SdZd2PT1d;d2PT2 q,s/N,S sz q,s

xS'
D(:%S'(Zap'r) - D1(21 p'?)-l_pT—THl(Zl p"?)

h
3DPDFs, Frascati, 29-Nov-16
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do

Unintegrated DSIDIS cross-section

C(LA)+N(Py,S)—=>L(")+h (R)+h, (P)+ X

dxdQ’d¢g, dzd*P.,d£d*P,,

a’ X

Q'y

(1+@-y)?)

a’X

Q'y

(1+@-y)?)

("™ ® D™ + AD, (y)I™ ® D"

A @PrxS H,"

My, )

oy, +95,0, +S;0,; +

\

AD, (GLU +S, 0, + STGLT)
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DSIDIS cross section is a sum of
polarization independent, single
and double spin dependent terms,
similarly to 1h SIDIS cross section.
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Ouu =

DSIDIS azimuthal modulations
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0 nn
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m, M

PP,
—LTZE S ™ cos(g, + ¢,)
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AL flh'Hl
J{ 2 F, jcos(2¢2)
\ m,my m,m, Y,

AK @ DIS2011

"icos(2¢,)

kpl
N

172

P2

T2 Ftl 'Hl_l_ T2

P2

D..(y)=

2(1-y)
1+(1-y)?

Fkl\lil-D _C {M D (Pr1-Pry)(PryK) - (PTl'k)PT22

(PTl'PTz )2 - PT21PT22

|

Structure functions F*® depend on x,z,¢, P’
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T1?

I:)Tzz and (PTl'PTz)

P.,-P;, = PP, Cos(Ag), with Ag =¢, — ¢,

Aram Kotzinian
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3DPDFs, Frascati, 29-Nov-16
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P LoD -
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mN

Oyt

P an . P at . .
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A, asymmetry

Anselmino, Barone and AK, 713 (2012)317

F"" depend on x,z,¢, P, R, and (PP, )

Pr1-Pr, = P, P, COS(Ag), with Ag = ¢, — ¢,

One can choose as independent angles A¢ and ¢, (¢, =Ag+4,)
Integrating o, and o,, over ¢, we obtain

| dg,o,
Ay =% -
| do,o,
_Piby Ffﬁ“-Dl(X z,C PP’ cos(A¢))sin(A¢)
k1 EILNRE STRE P
m,my

Fo ™ (%, 2,4, P, P, cos(Ag))
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A, @ CLAS

oy, (%, 2,4, P, PY) (1+a,,,c05(Ag) + 2, COS(2A8) +--)sin(Ag)
Guo (%,2,&, 5, PL) (1+ 8y, COS(A@) + 8, COS(2A) +++)
p,SiN(A@) + p,SIN(2A¢) +---

LU

X

Courtesy of S.Pisano & H.Avakian

£.25 0.1
< - F
| CLAS PRELIMINARY Jos” CLAS PRELIMINARY
0.15 0.06F
01 0.04f
0.05) 002
0 O
u L
-0.05 , ~0.02F
11.86/9 =
o1 i ~0.04F }
A" —0.08505 = 0.00882 s
-0.15 sin2g -0.06—
At —0.02481 = 0.00656 u
o2 ~0.08] +
: rconst——=0-001751=+0-602169- E
L _0 l_l 1 | I I | | ‘ | { | - | L1 1 | I | I |
- 7YY T —T. T —— :
0.25% L Lt s L Lo 4 L 005 01 0.5 02 025 03 035
AdD (deg) |P1J_||F2l|

Presence of higher harmonics indicate that o ,(A®) # o,,(AD)

Aram Kotzinian
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Hadronization in MC even generators

PDF, hard scattering and hadronization are factorized :

do" 7™ =D f (% kp,5,;S, ) ®@do T ®H Y (X, Ky, S 5 X, PT;Sy)
q

'Before < H—
- After hard scattering — s
£ @ 4
/s\ 5
| 2
© £
€ @ o
o Y-
Y
X o
e\
H®
(ud),

R

3DPDFs, Frascati, 29-Nov-16 Aram Kotzinian
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Sivers effect

It is possible to modify existing MC event generators including the nucleon STMD PDF
Example: Sivers effect (not affecting hadronisation)
Matevosyan, AK, Ashenauer, Avakian,Thomas PR D92, 054028 (2015)

ﬂiﬂ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I I I I I
[ & K O = ]
| 4 K7 X 1
0
g
_ﬂ'ﬂj . 1 |+| ' T T T T B T T R T R R R A i
-1.0 -0.5 0 0.5 1.0
AF

FIG. 13. EIC model SSAs for 5 x 50 SIDIS kinematics for
charged pions and kaons vs xzp. The Sivers asymmetry is
present both in the current and target fragmentation regions.

3DPDFs, Frascati, 29-Nov-16 Aram Kotzinian
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Target remnant in Polarized SIDIS

JETSET is based on SU(6) quark-diquark model

P = \/%{“Jr [3(ud)oo + (ud)i,0] — \@U_(“d)l,l — V2d* (ww)r0 + 2d~ (uu)11}
nt = \/%{dJr[B(ud)D,u + (ud)10] — \/Ed_(ud)1,1 - \/§U-+(d-d)1,ﬂ +2u” (dd)y 1 }

AQ(x) =4, (X) —q_(x)
u,(x) —prout = {{(Ud-)ﬂ.ﬂ

u_(x)—" prout = {(ud)y g u™
d, (x)—n"ouT = {(dd)1g- - u™}
d_(X) —pn-cut — {(dd)y _q -+ u™}, w=1

Probabilities of different string spin configurations depend on
qguark and target polarizations, target type and process type

3DPDFs, Frascati, 29-Nov-16 Aram Kotzinian 31



Fragmentation functions in LEPTO
Dependence on target remnant spin state

Example: valence

Even in unpolarized LEPTO the
is a dependence on target
remnant spin state

/(ud)oz first rank A is possible

(ud),: first rank A is impossible

N

3DPDFs, Frascati, 29-Nov-16
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More general approach: hadronization function

* x-z factorization was not checked
e Extract unknown integrals of fragmentation functions in different
subsets of x-bins and compare them

* Missing term in the (polarized) SIDIS equation related to
polarization dependent hadronization

Q\Ieglected \

Aq(x, Q%) N AH g (%, Z’QZ)]

quqq(X’Q Haon (%,2Q )( q(x, Q%) HQ/N(X’Z’QZ)

A'(x,2,Q%) =

a(x,Q*)H, o\ 1., 8906 Q1) AH G (x,2,Q°)
quqQ(X,Q JH i (X, 2,Q )(1+ q ]

CI(X,QZ)H(;]/N (X1 Z1Q2)
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Asymmetry

> e2(Aq(x,Q)H.y (x,2,.Q) +q(x,Q)AH ], (x,2,Q%))
> e (a(x Q)M (x,2,Q%) + Aq(x,Q*)AH ], (x,2,Q%))
qujq(x,Qz)AHg,N (x,2,Q%)
80X, Q) H g (x,2,Q%)
= AR (%,2,Q%) +(x,2,Q%)

Alhl\,IExp (X, Z, QZ) _

~ Alhl\,IStd (X, Z,QZ) n

The standard expression for SIDIS asymmetry is obtained when

H)n(z,2,Q%) — DIz, Q%) AH)n(2,2,Q%) — 0

Only standard part of expression for asymmetry contains quark polarizations

Alhl\,IStd (X, Z,Qz) _ Alhl\,IExp (X, Z,Qz) —E(X, Z,QZ)

3DPDFs, Frascati, 29-Nov-16 Aram Kotzinian
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=5 0.05

0.045 -

0.04 — * .
LEPTO with sass
HERMES : .
tuning and cuts "eE .
CTEQS6 LO 0.025 [
K*, K- production i .

0.02 —
off deuterium target :
0.015 [

0.01 -

0.005 [

10

£(x)#0 can be considered as correction to factorized cross-section due to finite W, Q2.
The presence of spin-dependent hadronozation can be important in extraction of helicity PDFs
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* Lot of progress ...
e Still lot of to do

3DPDFs, Frascati, 29-Nov-16

Conclusions
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CFR
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Larger phase space
higher W, z, x
different STMD asymmetries
Inputs from other processes
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Better resolution,
higher statistics
new theory inputs
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TFR with good
resolution etc

3DPDFs, Frascati, 29-Nov-16
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Full picture can be
surprising and
beautiful

Worlk i
PDrOgress

Thank
You

3DPDFs, Frascati, 29-Nov-16
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Backup
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HERMES final results

 XAS(X +
0.1+ S( )
z Voo ¢
O s S SEREEEEEEEE S - + s daiaois o~ bbb
f —
-0.1 " aa i x S —
0.02 0.1 0.6
X
- ,
— — Fit
> = =4
& 04 - CTEQ6L
o - o x(T(x)+d(x)) 1
0.2 -
0 [-remser lmemeszerense B0 ey ... -
0.02 0.1 0.6
X
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Modeling € in LEPTO

quC?Q(X,QZ)AH(;‘/N (x,2,Q%)
80X, Q") Hy, (x,2,Q%)

E(X’ Z1Q2) —

LEPTO: HERMES tuning

parl(4) =0.9= NI o (1+(1-y)*) 3 ejaCoH "
q

++ !

parl(4)=0.0 = N o (1+(1-y)?) > e2g()H ™
q

K/p Kin _ nyK/p _ ppK/n
N++ +N++ N+_ N+_

K/p K/n K/p K/n
N++ +N++ +N+_ +N+_

gc|i< (X’ Z’QZ) —

Aram Kotzinian
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Strange quarks polarization 2

3DPDFs, Frasca

Data from Ahmed El Alaoui PhD thesis, 2006

0.3 7
AS
AS eoues = | OXAS(X) = Z? X ) perues j dxS(x) = 0.0055
0.02 1=1
0.3 AS
AS, o = | AXAS(X) = ? (X). oo j dxS (x) =(0.027)

0.02 1=

New value is more than one standard deviation away

ti, 29-Nov-16 Aram Kotzinian
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JLab CLAS, preliminary (courtesy of Silvia Pisano)
7" in CFR, 7 Iin TFR,

A, ,: integrated asymmetry
hBHelRatioBiB
0.025 Entries 12
C Mean -160.9
0.02— RMS 337
- x2 | ndf 23/9
0.015 PO 0.01054 + 0.00134
- p1 -0.005951+ 0.001315
0.01— p2 0.001091+ 0.000914
0.005 -
= - \"‘Q:.
0 o
-0.005 ==
001 —
-0.015 f—
-0.02 f—
: 1 | 1 | 1 | 1 1 1 1 | 1 1 1 1 |
0 250 300 350
AP (deg)
— sin ¢ & sin 2¢p moments # 0
o .

Silvia Pisano, LNF - DiHadron analysis summary
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JLab Very Preliminary

| Beam-Spin Asymmetry with e1f data - Integrated [pPhisHelRatio Beam-Spin Asymmetry with e1f data with 0.0 <z < 0.22 l hiziBHelRatio
—— 104 8
B Mean 3.999 0.025 Mean 2693
- ! RMS 121.9 RMS 106.8
oozl ° A- ¥2 [ ndf 5.036/9 0.02 x2 {ndf 6.302/9
B Prob 0.8311 Prob 0.7004
B po -0.009791 £ 0.001107 0.015 po -0.001992 £ 0.002530
R pl 0.01162 £ 0.00112 p1 0.008484 + 0.002557
0.01}— p2 0.0005003 + 0.0007612 0.01 p2 0.0002354 + 0.0017378
T 0.005
o 0
X 0.005
.0_01_— -0.01
n 0.015 |
0021~ I -0.02
NI IR BT EPEETE RPN EPEPEE IR NP EPEPEE IR RPN EPEFEPE B IR B
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
@ _R (deg)
Beam-Spin Asymmetry with e1f data with 0.22 <z < 0.32 [ hizZBHelRatio Beam-Spin Asymmetry with e1f data with 0.32 <z < 0.6 rh'Z3BHe|R3“°
— 33 o 134
0.02— Mean 0.8811 ' Mean 2.299
- | RMS 113.6 0.04 RMS 118.5
0.015F x2 naf 3.967/9 ) x2 I'ndf 4.004/9
o Prob 0.9136 0.03 Prob 0.9112
0.01E- po -0.002485 + 0.001505 . po -0.03044+ 0.00214
E p1 0.0106 + 0.0015 0.02 p1 0.01449 + 0.00218
0.005F 0.0004375 + 0.0010239 ' 0.0008716 = 0.0015059

-0.005

-0.01

-0.015

_D_Dz||||||||||||||||||||||||||||||||||| PRI T N T TN N T T U N T T T N TN TN TN TN N TN TN T TN NN Y T TN M1

-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150

Presence of higher harmonics indicate that o, ,(A®) # o,,(AD)
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