Predictions of Collins

effects at BEPC

Peng Sun

LBNL
In collaboration with Feng Yuan



Outlines
m Energy evolution in TMD factorization

m Collins asymmetry at BELLE and BABAR

m Predictions of Collins asymmetries at BEPC in
a trivial TMD factorization framework

B Summary

2013/10/31 2



" S
QCD k; resummation

m Consider the production process h;h, =Z+X
do 1

107~ Q3
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Where Q- is the transverse momentum, and Q the mass of Z,
and L = Log[Q?/ Q+7].
m We have to resum these large logs to make reliable predictions

Ba(M2, P, y) / d2h
=N —
d2P, dy 0 (2

—iP) by W (1, x9,b, _-UQ)

—¢
.L?T)2

~ [, % (in2a+B)

W(Q,b) =e "1/ 1 C® f1CQ fo

)



"

800 . —

CDF Z Run 1

700

e00

200

300

200 -

100

Data
Mormalized LY-G Fit

— — Mormalized DWS-G Fit
Mormalized BLMNY Fit

10
P_ (GeV)

C. P. Yuan et al PRD 67, 073016

15 20



"

Energy evolution in TMD factorization

For the process
et +e > H +Hy+ X

The cross section can be written as

do B 21N,
dzhldzhgdgph ldf? ; 4Q2

(1 + cos? 9) .+ sin® 0
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Energy evolution from TMD factorization

In the TMD factorization, at the small transverse momentum region
LPlp=Q> X z2 .
Zow = D(21,b1, G H)D(vsz Gos jr) H (@5 1)S (b, pipr)
~af rrlay I7
Zmllms — Hl (;’:171?&(1;,(1)]{1 (*? bJ_ (,? IH)HCDH]I]E(Q ﬂ) (bl P /”')
ﬁ By a Fourier transformation

P,./z

Z,and Z_:. satisfy CSS evolution equation

.
ahj 57 ZunQ:0) = (K(b,0) + G(Q: 1) Zun(Q:0)

At one-loop order (_ v
vsC bQ 2 g (g -"1 5]
K(b,p) = Bt Ml G(Q.p) = - (11 i 2)

- 2
~ Cg Il [




Substituting the above result into the evolution equation,
and taking into account the running effects in K
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For perturbative part:
where A=Cxagy(u)/r ,

We have to make a cutoff forthe b in S

b — b* T b/\/l _I_ bz/bﬂlﬂm ?

g

6— pert (Q2 ,b* )

B=3/2 xa ()/n
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m For Sudakov factor

There are two parts in the Sudakov factor

Ss-ud — Sperf(Q b*) + S;WTP(Q; b)

Gaussian assumption for the nonperturbative part

(1/3?11 + 1/3?12)

SxE = 9402 In(Q/Quo)|+ g
CGHII‘IE(Q b) — jq 111((-2/(-2[]) + ( bz

b?

(1/3?211

- 1/::‘?12)

We assume the Q dependence always satisfies CSS equation.

The g, is universal to Drell-Yan, SIDIS, and e*e-—hh
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“ 7 s 1 SIDIS at HERMES
| We cangetthe g4, 0;
| from the p, distribution
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Collins asymmetries in efe —hh+X
at BELLE and BABAR

Thrust axis

A12 AO

The Collins asymmetries is proportional to cos(¢,+¢,) or cos(2¢,)



B Besides Collins effect, the gluon radiation effect also can contribute to the
term which is proportional to cos($,+¢,) or cos(2¢,)

N (o1 + d2)

Rip = —=—
({¥12)

x |[(L+cos?0)> " e2Di(z1)Di(z )+sin29cos(¢q+gz.g)[Zegf(ﬂf(;l)ﬁf(zi))

q
1-1

(1+ cos® H) Z 2D (21)D1(22)

+ C._-'Zeng(zl)ﬁl(zg ]] :
q

2

Sl
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>, 2 f(H () (2))

S 2Dy () D ()

= 14+
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1 (f~2

v

For BELLE and BABAR, they
e — qqqg — hihoX choose Q, < 3.5GeV to suppress

I / this background.
dN Q?
a0 02+ Q2
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Firstly, we define:

Valence quarks go to pion

do(eTe™ = 7%77X) 5 —ha T g, =dis
VU1 — “ nfav ; ; | ndis ; ;
Vo d2dzydz : gD | l-ﬂ( o)+ QD (@)D" (e Sea quarks go to pion
do(eTe” = 7577X) 5 —dis 5 — 2 45, [0

VL[4 = Y nfav ; ; dis ; ; “ ndis y y
N"(9) T QD (71)D (20) + gD ()" () + gD (21]D"|(=2)
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Similarly, we also can get AYC from the ratio RY/R¢

. i —fav — —di . —Ffav

e < sin? ¢ > r(k2) | H{"H," + H¥#H,”  HI"H,” + H#H,"
’ ~ - —fav —ra il  =—=fav
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—fay i

. B =1 p— fav g
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" JdE
The data at BELLE (Phys. Rev. D 78, 032011 (2008))
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The Pt distribution for Collins asymmetries at BABAR
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It is an iImportant test for the TMD factorization with
the Collins function.
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m We will abstract the Collins function by fitting
these data points.

m \We will choose CSS resummation formulism.

Dq (;“:1 \ C[pfb)
l

> : _ . 2 )—Sn € : “(ete~ :
Zuu(Q:h) = ¢ Spert (Q7,0.)—SNp(Q,H) y ,_qj( (e ® Dia(x (,éj ) ® DjfB[ié) !

N 13
Z;flms((); b) — (;bj_) (;}J‘) E_SPE?‘I(Qva#)—SEP(Q,b]

]

scollins(ete™ (3 100111115
ITA( i ' ®D b}fl q7 ®DJ/B
H14(2n1,Co/b)

m And then, we can predict the Collins effect at
BEPC.
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abstracting Collins functions from BELLE data

:|||||||||||||||||||||||||||||£ P Sun and F Yuan

- Ay(z,,2,) 4 | Phys.Rev. D88 (2013) 034016

- 0.6<z, {B;E_l______,-——fr—______A_;; 4 Y

- — " a3 || ourfitting in a trivial TMD
10 04 <%,<0.6 __—— 7| factorization framework.

- ffff*"“"fffi Apx2 7

- 03<2z,<04 I H(z,b,Q,=2.4GeV)

i ][_% A, x1 |

N U -

o ETERs BELLE - 0PNz 1 — 2 (ﬂq;?fj;;q Dy(2)

:IIII|IIII|IIII|IIII|IIII|IIII:‘ 2 )

0.2 0.3 0.4 0.5 0.6 0.7 Z, X /d+0+f — 1.929

flavor 7 N; Wr Bi (e (GCVQ)

u 0.34£0.006 3.9£0.71 0.8520.29 (.015£0.002
d -0.3420.013 0.4£0.31 0.3140.41 (.015£0.002




Test the evolution at BEPC

-A(z,,2)

- 06<2,<0.38 A, x4

7 ﬂ
10"t 0.4<2,<0.6 Ao x 2

03<2z,<04

A, x1
0.2<2,<0.3 BES

10-2\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
02 03 04 05 06 07 z

m E__=4.6GeV, di-pion in e*e- annihilation

m Because of energy evolution effect, It will be

larger than that at BELLE by a factor 2
2013/10/31
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Summary

m \We studied the Collins effect in the TMD
factorization formulism.

m The TMD factorization will lead to a energy
evolution effect.

m \We can abstract the Collins function from the
existing data at BELLE and BABAR.

m Then, we can predict the Collins asymmetry
at BEPC.

m The experimental result at BEPC will supply

an important test for TMD factorization.
2013/10/31 22



Thank you very much!
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Energy Evolution in TMD factorization scheme

Aybat-Collins-Qiu-Rogers, 2011
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Q?-dependence

m  Aybat-Prokudin-Rogers, 2011
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Needs a cross check!
25



" JEE
m Collins scheme
WHY —

Z M (Q: )| / ki d*kord® (ki + qr — kor)
f

X Frp(x. kirip:Cr) Dhyy(z, 2kori 13 Cp)

This version is much simpler than that of Ji Ma Yuan
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m Ji Ma Yuan scheme, Iin SIDIS

Structure function is

F(zp,2p, P, Q%) = Z EgdeELdzﬁian

g=u.d.s....
xq (zp, ki, 1%, 8¢, p) dr (zh..m,#-f’".. C;’zh,ﬂ) Sy, u?, p)
xH (Q* 1%, p) % (2nkL + 5L + 01 — Puy)

It depends on p
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In Aybat-Collins-Qiu-Rogers framework

Qo

K . Qo. 9(Qu)] = (A b, Cufbng(Co/)] ~ [ %K(m-%(b))
c1/b, H

And then
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Here gy(b) is g. X b?
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In Aybat-Collins-Qiu-Rogers framework

Qo

K . Qo. 9(Qu)] = (A b, Cufbng(Co/)] ~ [ %K(m-%(b))
c1/b, H

And then

@ dy
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Energy evolution

511- €Ts (Q b)

S(Q2 Q2. b) = mgﬂ

In our framework
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ollins asymmetries in SIDIS
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Sivers asymmetries In SIDIS

The Sivers effect
IS proportional

to sin(¢,-¢s)

ASin(ér—ds) _ o f dog dop :d-r.TT — ETZO'*L] sin(¢p — ¢g)
- [ dos dop, [dot + do¥]

J_]_ br T 2



Fit to Sivers asymmetries
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Predictions at RHIC
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