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" A
Need DIFF in et+e- — h;h, X

Konishi, Ukawa, Veneziano
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de Florian & Vanni,
P.L. B578 (04) 139
1/r; collinear singularities cancelled by D(i— h4h,)
time-like analogue of
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B A see also de Majumder & Wang,

P.R. D70 (04) 014007; D72 (05) 034007
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Exp. info mostly on nontrivial spectrum in pair invariant mass M,
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Leadinq-twist analysis: full dependence of DiFF
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Partial wave expansion

2R b . 2R
h h P g
g : - 2 URTJ 9 2
i P2 ED]_(ZI?ZQFRQ-‘)? 47 M [[ (ZI:ZQ:R/T)
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(21,201 — [2= 21 + 2 [T}= 222 = a(M)) + b(M),) [c050)

c.m. DiFF(z, {(cosO),M,?) = X, DiFF,(z,M;?) P, (cos6)
_» Py
o ;fg LM
- < @ @ Bacchetta & Radici,
P, a0 P.R. D67 (03) 094002

h partial wave (LM)

A
kPR = B G St O@IFs, P2 X, P2 XIFOD)
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(), -o>  |(7tm) > Collins et al.,
N.P. B420 (94) 565
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: ss—+pp 2
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Im [interference] — naive T-odd Hflsp(z, M}%) >
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Naive T- reversal transformation

|a> = ®—. system with some spin and momentum
|-a> = <—@ flipping spin and momentum

i >, |f > initial, final states of the system; T trans. matrix; T-rev. — | T |2= |74, |2

naive T- reversal transformation : 7.

noFSl= [i>< |f>; A=0; T-rev. = naive T-rev.

A=|Ti|2- | Tis |?
FSI=|i> # |f>; T-rev. OK

but A0 Im [ Born x rescatt.” |
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Qutline

- History: why DiFF ?

Spin analyzers
- SIDIS: extract transversity
with leading-twist
Single-Spin Asymmetry (SSA)
via DiFF
(HERMES, COMPASS)
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Single-Spin Asymm. (SSA) in e+p!’ — e’+r+X : from Collins effect. ..

[dPur [Pyz] sin ¢ [do(p') - do(p") KX Py . Sy
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SSA measurements e g'g; HERMEE PRELIMINARY NB. in H vsi
_E—':f 0.05 * .D. 1IN Aermes analysis
,ﬂ — £ gg; no Jdcose but
%" o o * } projection of r{ 1 3 e
[ S 0.01 term
El§ 1 :>Asim;$sin9

Q2>1 GeV2 s=56.2 GeVZ -0.01 ?_E.E% scale uncerta'zjty ! £l

Van der Nat % g-g : . om . LI gi&

hep-ex/0512019 woerE & o § e i

g s ".E”P"'r 0.3 6.6% scale uncertainty
ia {l3ﬂdﬂﬁﬂﬁﬂ?ﬂﬂﬂg 11.11.2
M__ [GeV]
4 ~ N i 2002-2004 data
CoMPASS
(R ] o B -
it Pl s
Q%>1 GeV? g fii'_! ii!iiiiix¥ li * g i F ¥
s=604 GeV? rep {
kg '?E!,?% - [

Martin
hep-ex/0702002 Dl sl .»:, e 1II'-'I.M . 2t :

N.B. deuteron target: cancellation by isospin symmetry ?
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- History: why DiFF ?

P2
I (D
Spln analyzers . ) - - e+e- : determine unknown

- SIDIS: extract transversity  ° ’ DIEF

with leading-twist (BELLE)

Single-Spin Asymmetry (SSA)

via DIFF .

(HERMES, COMPASS) - models of DiFF
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DIFF from e*e” — (7t+7t_)ji1 (n+n_)ji2 X

—\ 2
=(k+k) =@
Ph HE, PhJ_=O
Py = —zqr

T
[ (Pn,R) (Ph.k) 1= 0r -9,

lab frame

. . . 2T _ _
leading-twist cross section do : /O %qu cos(¢pp+dr—20;) do = do(OS(PrTIoR=2¢1)

“Artru-Collins” azimuthal asymmetry :

do (COS(br+OR—2¢7)) (z M%) Boer, Jakob, Radici,
X
do (1) Zq e2 D1(z, M?) Dq(z M2) P.R. D67 (03) 094003

Ag =

same as in SIDIS: check of universality
at leading twist
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Survey of models: the spectator approx. |Pi, Py, X) ~ |(xT77) 1, §)
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P

Bacchetta and Radici,
P.R. D74 (06) 114007

fit D4(M,) & D4(z) — predict SSA

0.07

HERMES PRELIMINARY

E U.ﬂﬁé—
. 2 005 *
. 0.04
| Trento conventions  £.om¢ +
Radici, Jakob, .05 | b i * []
Bianconi, | > 0 o
P'R' D65 (02) —001 -0'01 ?llﬁl-ﬁlﬁ|?::|alll;=|:J|r|l::|;E||-tllaTltlj:-lllll||||||||||||
Bacchetta et al., e a  —
074031 e 09F " | u 1050
—0.015 Tp R PR D7O (04) 117504 'E 0.8 E : A & _ 0.4
07 072074076078 0.8 0.820.84 0.7 :.......: :IEHIB}: 0.3
Mh(GeV) e 0.30405060.70.809 1 1.11.2

M_ [GeV]
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see also
o Otatus Of the art of spectator model |, sheetal
£ 005t + sm qu P.R. D77 (08)
& 0.04 M .
Eanf } = (M) N 014035
oo | t S Gt N '
-0.01 E:a_:;% scale uncertain - . p - Tr+Tr
e 0.08F Reduction= 40% |
E:i;: « ¥ 8 " g W — (1)
: : o] 03
1]304051]61] ?[I BUQ 1 1{31‘:']2 DIDE .-H.-Edull'-tlﬂ-n: 23%
. [GE :
0.04
\ “bin” the model and / Z
/ fit the exp. data 0.02}
model prediction '
0.25 o < u:f ><DIE >D<IE ? > Mh
pes = Abins 0.15 0.15 0.22 1.23
0.15 Schw
0.1 1— Wak
0.05 « X4=X5=X53=X,=X — p-wave channel = |2+3+4|
63 OE o8 % a3 — max. (t*r") interference
h, from Strat Wak * warning: w — [(TT 1) = 1] -
Sofferetal.,  Wakamatsu * narrow-width approx. M;_=m
P.R. D65 (02) P.L. B509 (01) - ~
1024 5o — cure dip at M,~0.65 GeV
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" A
Prediction of SSA @ @ . deuteron target

Asin qu —
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L all 4. pairz 20022004 data
COMPASS Martin
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{ _ i I explain in spect. model as
flavor symmetry of DiFF
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QOutline
- History: why DiFF ?
Spin analyzers
- SIDIS: extract transversity - e+e- : determine unknown
with leading-twist ¢ . > DIiFF
Single-Spin Asymmetry (SSA)  evolution (BELLE)
via DiFF Q2 =~ 100 GeV?
(HERMES, COMPASS) =L

<Q2> = 2.5 GeV?
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DiFF D(z,.2,,Q2) evolution equations

=
o7 kK O—
/ _<rT A
e

d : o
DZ_>h/1hQ 2 = il
dlog Q2 (Z]_,ZQ,Q ) o

de Florian & Vanni,
P.L. B578 (04) 139

|:Dk—>h1h2 ® sz + ij—>h1 ® Dl—>h2 R P]gl
B A

which evolution equations for
extended DiFF (extDiFF) D(z,,z,,M,?,Q?)?

1. recover DIiFF evolution with Jet Calculus technique
2. deduce extDiFF evolution ¢ o % > LL
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single-hadron fragmentation in Jet Calculus

Konishi, Ukawa, Veneziano
N.P. B157 (79) 45

2

i %%drgtgﬁi lzzyli LQHEEH'
=< T Wk
oarcring SRS e dagran
i El ]
Eij time-like perturbative parton Q;. =g>2|n|:{> h

fragmentation function scale N)

calculable unknown
D'"M(2,Q%) = E/(Q% Q8) ® D "(2,Q8)

dE? :
Lo =) E/® P,S” [at LL, resums all collinear o" log"(Q%/Qy?) ]
k

dlogQ?
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2-h fragmentation in Jet Calculus

= Eala2
. Ei , B O a2
Eb2

hard
process S2

multi-ladder diagram \QO2

.QQ . .
ai,a 2 N2y 2 lrNn2 a2 J a 2 N2 a 2 N2
E{12(Q2,Q3) —/Q2 dS? EI(Q2,5%) ® B}, ® Ep1(5%,Q3) ® Ep2(52,Q3)

0
u|:{> h1

B - __,.i = j,< }"':{>h1
: nu':{>h2 +A:©'

2\O==) h,

Di=hh2 (2 20) = Bl(Q%,Q3) @ DI~Mh2  EI192(Q?,Q3) ® DM g D*2—he
d i T Qs b i b N

o — NIy — 77 J—n1no .. 1—] DD 1

dlogQQD 27 [ D ®Fi + D ®D ® By b, ] Iﬂ
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fixing R — scale k< S? no longer arbitrary

.QQ ) "
EM2(Q2,Q3) = /Q% ds? E1(Q?,5%) ® Pglbg ® E§11(52?Q%) ® 555(5'2’@%)
- d _; d
DRy 20, B2, Q%) = =— Ditahe (g, 25,Q2) = —E7? @ Do g Dz
dRZ dRZ

= E/(Q% R2)® B], ® D"~ M (R2)® D»27h2(R2)

. h,
. J 0

2. take R{? < Q2 B: | @ :Q ‘ R;

i h2

scale ki arbitrary — set to Q,?

D M2z 25, R2, Q%) = EN(Q?,QF) ® DIM"2(2q, 25, RZ, Q3)
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"
evolution equations for extDiFF

Ceccopieri, Radici, Bacchetta,
P.L. B650 (07) 81

DMM2(z, 20, R2,Q%) = B + A
— E:z(QQ;Q%) ® DJ—>h1h2 + E:z(QQ; R,?) ® pglb:z ® Dbl—>h1 ® Db2—>h2

d

WDi_*hlhz(Zla 20, R2,Q%) = D"7M"2(z1,2,, R2,Q%) ® Py,

same for polarized extDiFF
with oP;

scale R;? breaks degeneracy of terms A-B — homogeneous evolution
conjecture: at LL, factorization with same kernel as 1h-fragmentation

do
dz1 dzo dR%

=Y NO(Q?) ® DTMh2(2, 25, R2,Q?)

(
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effect of evolution on extDiFF

2. partial-wave expansion “commutes” with evolution

d | o (Qz) Z1 22
pi—hih2(, Lo B2 02) = 2 / Dk—>h1h2 ( R2 2) P,
110902 (21,22, R, Q%) Sy i Q7 ) Pgi(u)
d oy a (Q2) Ldu . 2
Togqz DR G MR QY = 202 [ phhia (26 MR, Q?) P(u)
d ss+pp 5 =0 as(Q?) /1 du ss+pp ( .
i M: = B M -
dIOgQQ[ ( Q ) o { 1 ’USQ 3 h}Q)Pk’L(u)
1 du
+D3P(z, M2, Q%) cos + .| + coso | u—sz (u MZ, 2) Pyi(u) + ..}

B | | h,

e =21+ 2 c—;lJrZ ;44@::
: h
/ o

1. evolution affects “perturbative sector” z, but not the “soft” (
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effect of evolution on extDiFF

D, ss+pp
Q,2 = 2.5 GeV2 HERMES
20000
15000 Q2 =100 GeV?2 BELLE
10000
5000 D, 55+Pp
0.3 0.4 05 08 0.7 0.8 0.5 >0
Z 4000
\ A 3000 | _
PRELIMINAT
20001 HQ:EEEEZ:::::::::::-
0.7 0.8 0.9 1 1.1 1.2

M
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- History: why DiFF ?

Spin analyzers
- SIDIS: extract transversity
with leading-twist

Single-Spin Asymmetry (SSA)

via DIFF
(HERMES, COMPASS)
<Q?> = 2.5 GeV?

26-Feb-08

Qutline
- e+e- : determine unknown
>  DIiFF
evolution (BELLE)
Q2 = 100 GeV?

N2 . . .
O - pp collision: determine all

the unknowns with two
measurements
(self extraction of transversity)

N\
®
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