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N
dollins asymmetries in e*e- annihilation

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

The cross section can be written as

do B 21N,
dopdzpa P df 402

(1 + cos? 9) 7.+ sin®0 (Qéjég - gjﬁ )

J

cos(24y)

af
anilins‘

Boer, Jakoh, Mulders, 1998
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" J
Energy evolution from TMD factorization
(Ji-Ma-Yuan TMD factorization )

In the TMD factorization, in the small transverse momentum region

Zuu = D(21,by{Gf p)D(29, b1 CQ‘#)HE; (Q; 1)S(by, pi pt)
Zfo?lms H'J_ I':ltbl‘rglgﬂ')HlLﬁ("’ \\(59 /l"i)Hc::-llms(Q ﬂ) (bl P /”')

{Plp=Q2 X 22 \ _—
P,./z D(ZQ,bJ_?bJ_;M) XGIbL ()=
ZUU and ZcoIIins Satisfy CSS evolution equa’[ion
o -~
S gE Zun(Q:b) = (K(bp) + G(Q.0) Zu(Q: )

At one-loop order (_ v
C b? 2 g (g -"1 )
K(byp) = -2 70 GQup) =~ (”2)

- 2
~ Cg Il [




N
gugs!l!u!mg !He agove result into the evolution equation,

and taking into account the running effects in K(b, u)

~ “etTe~ “(etTe~ .
Zuu(Q; b) — E—Speﬂ(Qg,b*)—SNP(Q,b)ZiJC; ) ® Dz’fA(zlg l/b*\céj ) ® Dj/B(fifQ, l/b)
e -1
a3 _Eb _Eb —Opert 2 ® ) L
Zoollins (@3 ) = ( 5 l) ( QL) e Opert(Q7b) =Sy p QD)

XE?‘, ‘Aéqc.cljllinsl:e'ke_] Q D{B) :1?1 b* ch?llins(e"'e_) Q D{Sj :2:1 b*) ? (
] qr i/B

i/A qJ

Where S . Is universal to Drell-Yan, SIDIS and ee to di-hadron

per

QP A 2
Spert(Qab* :/ Tju |:A111% —+ Bi|
co/b, H H

b. prescription (CSS, 85) In S

pert

b — b* — b/\/l —+ bz/b?nﬂm . bﬂlam < l/ﬁlQCD



" A
m Sudakov factor
There are two parts in the Sudakov factor

Ss-ud = Spert((;); b#) T SiWTP(Q; b)
the nonperturbative part

Snp(Q,b) = |ga(b) InQ +|g1((b; 21, 22)
ST (Q.b) = go(b) In Q|+ ¢ (b; 21, 20)

Q dependence always satisfies CSS equation.

0-(b) is universal in Drell-Yan, SIDIS, and e*e—hh

5/12/2014



m Gaussian assumptions are usually made for
g,(b) and g,(b) (BLNY 2002):

Snp = gib* + gob* In (Q/3.2) + g1g3b® In(100z2)

m However, this assumption does not work for
SIDIS and Drell-Yan simultaneously in the range
of Q%2~(3—100)GeV-?

Sun,Yuan,1308.5003
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m Our model

Syp = gib* +

72

In (b/b,) In (Q/Qo)

1 |

This term Is from

e 2,4 _| .| U= *
K(b,,u.):—a'sCF b M CO/b

- In =
/ "0

+g3b” ((20/21)" + (20/2)')




Fitting Drell-Yan processes

Snp = gib* + galn (b/b,) In (Q/Qp) + g3b” ((_;rgf;rl)’j‘ + (.;IqufIgjl’l)

Parameter | SIYY fit
g1 (.158
o (.935
g3 0.040
F288 Ny = 0.90
(28 points) \9 = 59
E605 Ny = 0.95
(35 points) xg = 63
Tevatron [Ny = 1.01
(30 points)| y2 = 38
V2 160
v2/DOF 1.84

A new non-perturabtive
Sudakov factor Is used.
Where x,=0.01, Q,?=2.4GeV?,
and A =0.2

d;, g, and g, are free parameters

In our fit, we choose|b,.,,=1.5GeV-!

Y piece is included
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SIDIS at HERMES
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Q2 = 3GeV?
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m S0 we have found a good NP form factor
which can describe the data for the Q2 from 3
to10000GeV?

m Now we can study the TMD evolution for the
Collins asymmetries in e*e” annihilation and
SIDIS



"
Collins asymmetries in efe —hh+X
from BELLE and BABAR

Thrust axis
A12 AO

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



" S
Collins asymmetries in SIDIS at

HERMES and COMPASS

Asln(o; +()5) fd(jh doS [dO’ do-i} Siﬂ((fbh, + (DS’)
v [ doy dos [doT + do]

The Collins asymmetries is proportional to sin(¢+ds)



Globe Fitting of Collins functions

Collins function
Bl g = 24GeV?) = Nyo (1= 20D,z = 24GeV?) | Then we solve DGLAP

| lution equation to
Hole i = 2406V%) = Npg®i(1 - 24D, 2, = 24Gev3) | S¥ o ation equiatl
il =24GeV") = N1 4" Doy’ = 24GeV get the distributions at

the scale of 1/b..

35‘!

quark transversity distributions

Qu( 1 = 24GeV 2) Nﬁzﬁi(l_ )btf( b= = 2.4( ’E\TQ)
B2t = 24GeV?) = _-W-’Tfi:f"ff(l—:)b&fd(ﬁ-ﬂ = 24GeV?)

nonperturbative factor:

S?éﬁaﬂms = Uy hl()/ ) ( /Q ) T jilb T (Jh jc‘) 2/3;‘; + ggbg(I/IU))\
Sijrlgco llins — Yq hl()/)*) 11( /QU) + (gh r‘) (1/‘“hl 1/:%:2) )
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The values of parameters for our best fitting

=

© 00 3 & O == W DN —

gc
Nu
Nd
au
ad
bu
bd
Nu t
Nd t
au t
ad t
bu t

—_ = =
o — O

NAME

VALUE

2. 18260e-02
7.81212e-02

—2. 02106e-01

2. 95074e-05
1. 53385e+00
2. 716803e-01
7. 72477e-04
1. 2423201

—2.99997e+00

9. 43028e-01
9. 87548e-01
2. 32996e—04

ERROR

1. 12393e-03
5. 718840e—03
1. 50742e-02
3. 01199e-02
9. 13030e-02
9. 60465e-02
8. 23850e—02
2.73277e-01
3. 83200e+00
1. 60234e-01
6. 32205e-02
7.44004e-01

SIZE
1. 48687e-04
2.41211e-06
8. 36614e—06
1. 15434e-03
4. 37936e-05
1. 12180e-04
8. 93659e—04
1. 92943e-04
1. 05435e-02
1. 12450e-04
1. 34950e-04
4. 49400e-03

DERIVATIVE
—2. 03740e+00
—1. 52947e+02

7. 19575e1+01
4. 96392601
1. 11582e+01
7. 20488e+00
1. 10266e+00
1. 87945e+00
6. 75250e—03

—4. 53609e+00
—3. 67556e+00

6. 33734e—02

Where X?~=227 vs 252 data points

( preliminary )
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" B
Summary

m TMD evolution iIs studied for the Collins
effects in e*e- annihilation and SIDIS

m Collins functions fitted from the existing data
at BELLE , BABAR, COMPASS and
HERMES with CSS resummation scheme

m [t Is still an open guestion to get correct
nonperturbative Sudakov factor form
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Thank you very much!






"
m Fit the Collins function from BELLE and
BARBAR data

m Energy dependence follows the CSS
resummation formulisr

Dq (31 \ C[pfb)
l

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

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

g?A( lI;':;:-llms ei ® D ?; 1;';)111115 ® D‘MB
Erlq{_:hlu Co/b) _
m then, we can predict the Collins effect at

BEPC

]

A




m Gaussian assumptions are usually made for
g,(b) and g,(b) (BLNY 2002):

Svp = gqbg In(Q/Qq) + gob® + gnb® /7
Snp = 940" In(Q/Qo) + 2gob”

~eTe™

2 : 2(1/.2 | 1/.2
ONP T ﬁqb In(Q/CQo) + gnb (1/-4,*11 + 1/-4,*12)

m However, these assumptions do not work for
SIDIS and Drell-Yan simultaneously in the range
of Q%2~(3—100)GeV-?

In particular, for Q,2=2.4GeV?, fitting Drell-Yan data

leads to a negative g, Sun,Yuan,1308.5003
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Q? for all these experiments

@

‘=ﬂ 'q :.
N\ D
NI\

Q(GeV)

: | >
3-10GeV? 25GeV? 100GeV?
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Importance

m Reliable determination of the Collins
functions.

m Study the QCD evolution effects

By theory
By experiments



N
gugs!l!u!mg !He agove result into the evolution equation,

and taking into account the running effects in K(b, u)

- (9 di ()?
CSS|®| Exp[ [ % |awen| ]

Zuu(@? b) = E_SMH(Q: )=S (@ ) Dq(f’i«.C{)/b*)Dq‘(Q'Q:CO/b*) "Co=2e™ =1
7af —"iba —:.’bﬁ —Q et e : T : 1
Zcéflins(g;b) — ( Zl) (QJ_) o bpert(ngJ ScollnS(Qb Equq(,ﬁ'h1:C'g/b* ng(i'hz,co/b)

]
I3l
6_ PeT"t(QQ?b*)_ C‘Olllllb(Q | NP part
- s b—Qd’“MQQB
perturbative part: pert (@, 0) = / P { L7y ]
where A=C W), B=3/2 )/ = .
sl <asiu)in Sper iS Universal

b. prescription (CSS, 85) In S

b — b* T b/\/l _I_ bz/bﬂlﬂm ?

{}ﬂlnﬂ.m

< 1/1’"‘1@@5
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Globe Fitting of Collins functions

ﬁﬂ.f.ﬂ(z) = Nu2®(1— 2)" Dy 1 (2)
ﬁﬂ-gd(g) = Ndﬂﬂd(l — E)bdDﬂ-E!{d(E)
nonperturbative factor:

1e+

C’DHH‘LS((‘J ) — {JFG’ h] (‘2/(‘20 h]( }/ ) gh — {}C b (l/"hl + l/"h )

NO. NAME VALUE ERROR

Minuit package 1 g, 1.97919e-02 1.79702e-03
is uesd 2 Nu 1.00000e+01 1.68748e+01
3 Nd -1.53931e+00 1.22775e-01

;o 4 a, 7.96969e+00 4.45691e-01

X-~120 vs 5 a, 1.43211e+00 7.83941e-02
122 data points 6 b, 1.18983e+00 6.43297e-02
7 b, 7.20196e-09  1.94833e-01
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Energy Evolution (Ji-Ma-Yuan TMD factorization )

At the small transverse momentum, the TMD factorization

A

Zuw = D(21,b1, Cli) Dz, b, Gos ) HE S (Q 1) S(by, s o)

A

Zgjlms — Hlla(::lt bl' ng H)ﬁlj_ﬁ(:?? bl! (59; /“) collms(Q bl 2 /u)

|

factorization scale

Q

Z,,and Z_.satisfy CSS evolution equation

)
Tnge Zunl @) = (K () + GQ.10) Zunl Qi)

At one-loop order ( v
vsC bQ -2 g (g -"1 5]
K(b, ) = B Mulls G(Q.p) = - (11 e )

. 2
:'T Cg i /j 2




Multiplicity

1074

IIII|IIII|II|III|IIII|IIII|IIII|IIIIIII -:D:" 10?"" I5I|:|]IEI|:IG|1‘|-;II|III T IIE
T HERMES | ‘o= | ———— - ]
0] - - =~ _l — —— o
| 402<2<03 | 8 o —secen 11 CT10 and DSS are
. F o T<0< NG:‘.’) ‘_""——-______'__‘ig
i T ieoen—————1 | uUsed here, so are
] 10'F e ———— .
~ ' s —1 | our other fittings.
L/ o Bacz<06 : i =263 ] 9
, ] wiet L, E
| E j_*T_I]:QTT‘I_[E_aTu"}_-_-_H_F_:_:ﬁ-:_:_'*E
3l f L _F__J_HF_:—T——‘_:
0 Ev oo | |-I-I q|ﬁ |12|:|Gav|} | ] | HE
0 {)1 [12 03 {34 {35 DG I.'.'II? CIB [ZIEI 0 cug 0.4 0.6 0.a 1 1.2
p, (GeV] p, (GeV)

Sun,Yuan, 1304.5037, 1308.5003

m Sun-Yuan (1308.5003) has shown that direct
Integration of the evolution kernel from low to high
Q can describe both Drell-Yan and SIDIS data

This suggests that Log(b) maybe a good choice
for g,(b).



m Besides Collins effect, higher order QCD
correction can also contribute cos(¢,+d,) or
cos(2¢,) terms

_ N(o1+ ¢2)

LY 4
'x‘iT\i 12;‘

(1+cos?0) Y e2Di1(21)Di(z2) + sin® O cos(d1 + ¢2) [Z cgf(Hll(;l)Ef
q

q

C Z t’:.‘ng (Zl)ﬁl (22)

sin?

1
* 1+ cos2 6

cos(@1 + @2) |:

S, 2 f(HE ()7 (22))
>, 2D1(1)D1(22)

] , [(1 + cos? H)Z{:-'?Dl(zl)ﬁl(;g)

+lo

1 -1

(22))
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Valence quarks go to pion

do(eTe™ = 7%77X) 5 fa T i, \dis
VU1 — “ nfav ; ; | ndis ; ;
V(o) d0dz;dzy : gD ( l-ﬂ( o)+ QD (@)D" (e Sea quarks go to pion

dof(eTe” = TiX) b =
x =D™(z ~D®(1D |z
df2dz1dzg 0 ( 1) 0 ( 1 ( 2)

—dis ) s, \Toiav
D (2) ng (2)D (29) +

 dofete” 2 X | o A i S
NC(g) = ) N4 N¥o) 2D (zy) + DD () + D (2)] + <D (D (1)
df2dzqdz 0 !
. RL NJ(Ba)/(NS) _
By a double ratio: RL T NE(GAND) (v =10,12)
— = s(¢ O _
R{_,ﬂ 71 P2 14 cos20 (Dfm Dfm deDdiS) (D_lfaiﬁ;its)

Ny
AUL
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Similarly, we can also 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
1+cos2d/ 4M?2 _ D{fﬂ D;t 4 D:ih.sD;S D{ﬂt D;S 4 szngm’

—fay i

. B =1 p— fav g
AUC ~ < sin? 0 >fr(k303 Hfmﬂ; +H{“3H§ (Hl +Hf )(HQ +H2)

1+ cos? f) 40?2 ] D{m‘iﬁg av + D‘fisﬁgis (D{(w 4 D.r_lizs) (ﬁgﬂv + ﬁ‘;w)
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