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Hunting for transversity

Double Spin Asymmetries (DSA)

— - — yov _ do@'p)) —do('pY) ., -
r\%a« 5 Lw\/\/\ QH\(«? do(pTp") + do(ptpt)
! Lo It e low rates, small hq
W R Soffer ineq. — small APY
3 , a2 i\D ./; (Schafer, Stratmann, Vogelsang...)
No DIS, unless - | Ll
~ Vet SAva®
o QAH\QV ol + | Tlp mﬁ% — ®\>\ﬁ>vw‘ \w\/ ox h1H;
% i J low rate, ¢ pol. .:m:mm AT ?
Single Spin Asymmetries (SSA)
Ty — 2
ept — e'ntX Collins effect AL — dolp)) = cloi) x (f1)h Hi
. do(p?) + do(p‘) 1
twist-3 — 0(1/Q)
CERISIRS)

Sin ¢ ~ B, x e g, T—rev. invar. = (sin¢) =0
FSI = (sing) #0 Hj is T—odd
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Collins effect

hadron plane

scatt. plane SMC: \wl_uAﬁ.._lv = 11% 4+ 6%
HERMES: ep'— e'm X

Al ~ sin ¢ x A_,w,k_ ~ wv

~ twist-3
RHIC: ppt — 7 X

&O.Q% o =2

= ~ ...+sin(os + Flh- -k m? Huﬁw UmFNu\aw
dQ do dz d? P | (¢s + ¢n) ﬁ L 1(z,p1) i ( L.L

[ dos der d|Pyy| [|Pur|sin(és + ¢n) door] — ha(z) H; 'V (z)  (Boer, Mulders)

Need Qi(= y, ¢s), bn, |Pril, 2, 2

&\&Mﬁ = no collinear factorization = complicated LO evolution

P?, < Q? = soft gluon radiation = A~ suppression by Sudakov ff (Boer)
Hi- from eTe™ — 77~ X but (Sudakov suppression)?!

e Model Hi- = model = — jet FSI ; (see Kundu's talk)
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Collins function & FSI

d*¢ ik —
Aij(k, Pn, Sp) = M ”s% ™" (0:(¢)| Pr, Sn; X) (Pn, Sn; X[4,(0)]0)
X
A y
= (unpol. h) = A\ My, + Ay Py, + Az i + ﬁwqtvﬁ%w
- Tk
Ao sl = S22 Y gl ith B o [dET A
My, k—=P, /2

——— 5 ((Pn — k)? — M?)

e NoFSI = A, =0
e No factorization breaking

e A— A+e'?A (uniform damping from ext. pot.)
= A =2(14cosp)AA = A, =0

o A— A+e'?HA (dressing propagator or m— jet FSI)
2My .
— \w# = \dw||w3\wmusﬂ T-odd
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Interference _H_SmBm:Sﬁo: Functions

[ FSI: (Pi-P2) 5 Y (Pi-X) + (P-X) ~ 0

DR M_AEHLUMVNHQ + (P1-P2)i=1 + ., X >

X < X5 (P1-P2)i—o0 + (P1-P2)1=1 + .|

~ |(Pi-P2)i=0 >< (P1-P2)i=1| 4+ [(P1-P2)i=1 >< (P1-P2)i1=0)|
= SSA A" £

kK A AKPP,) k

P — P
"bowling effect” . R=-1_-2

2

= coll. fact. , no Sudakov ff , easier LO evolution

d
sing ~ Py x Po- 51 g, O™

Collins, Heppelmann, Ladinski ('94):  linear 0 model ; [continuum] < [0 — w77~ ]

Jaffe, Jin, Tang ('98): o, p stable! \@A = OH

o s aTn Jico & [p—nt

Bianconi, Boffi, Jakob, Radici
e Twist-2 general analysis: P.R. D62 (2000) 034008
e Model calculation ¢ - N7 X: P.R. D62 (2000) 034009
e h; extraction and model calculation of ¢ — 77~ X: in preparation

T |i=1 collinear process
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Transversity in helicity basis (Jaffe)

P p
\ /
1 )
= P P
3 hannel di DF
N quark-N forward scattering (o enanner aise.
E
Constraints

i twist-2 3 independent elements
= Y+
< 5 P p P’ p
5 =)= )
O 0(1/Q) a + + = + + fi <— a+tb
N
v_._ o(1/Q) b + - = 4+ - = g1 +— a-b
ﬁqmu collinear process +0o(1/Q)| ¢ + — = — -+ hi +— ¢
Q = P+p' =P +p h1 <— helicity flip & chirality flip

P— and T'— invariance
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Interference fragmentation functions in helicity basis (Jaffe)

° p
/ @ q’

g . C\q
—
S
% quark-meson forward scatt. u—channel disc. — IFF
.I_Mu Constraints 2 independent elements
_Ji twist-2 . g o P q

IT
Q = = A
m ) o(1/Q) + 0 = +£1 F = 0q;
& o(1/Q) 541 «+— helicity flip &= chirality flip
N
V_._ collinear process + 0(1/Q) | SSA
/ T 4
N = q+0=p+4q ﬂ+ﬁ|”&qAﬁv|&qAﬁv2 al > 2 A
=] o A &Q.AE\J + &Q.Qwev _QF__NWF_WAE?VDHARV%Q~ANV
R hermiticity with F(M?) o sin(5o — 01) ; ME = (Py + P»)?
P— and T'— invariance z — M factorized dependence not general
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q — \SDMN \:“ b\w C:UO_.

2MWH = \ dp~ dk™ dprdkr 8(Br + Gr — kr)TH Y AV 4 _ oo

kT =P, /z

Generalization of hadronic matrix elements of

— nonlocal quark operator
S
i~ d*¢ d*Px . _
3 = YL LK R (013 (6) [Py, Pa, X)X, o, PAB(0)]0)
(2m)% (2m)
.I_Vu X
=
= = C1(My + Ms) + C2 Py + C3 Py + Cy ¥+
7 Cs TR Cs K.V 7 v
v = v N\wtw
. .>5Qt~un |_|.\§th Pk +.>5+.\§th L Py +
Q
=
+~
=
Q
Z_ Hermiticity — Cr=C;;1=1-4,5-38
a
S >k
€a T-reversal inv. — i =0 1=1-4
Q C; =-Ci i=5-8
no S| — Cs=Cg=Cr=0C8=01
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Twist-2 Interference Fragmentation Functions

) A~ m%uHo P} =M} P{=M;

Lo me (e |
\\\\\ _U:

o/ N AT \ dktdk™ ... ¥

\ﬂuwfww — 12 d.o.f.

D_EANQMV\AWL&J@J : mﬂv with 2 = P, k™ ; £ = 21/%

O
B YR y -
Alv ] = STAATERTG A
MM, '
o G.w .
DTQ Qm_ — € KTy ml_u
M+ My ' i

"bowling effect”
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eH" — €’(h1hy)X cross section at twist 2

dQdx dz d¢ d2 P

dooT &QQQ + __W« QWS%H *
> 55 > I o rersy
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Extraction of transversity

hadron plane

scatt. plane

o Need @NAH QQ@MVU%QFQHUN

° %&wmﬁ — No suppression
from Sudakov ff

door

dy dps dz dz dpr, dM?2 d2 Py

BW)|S.| . 3 kR
+ BWISy @s@ﬁ%mb.ﬁ??%wf d¢ |R1| HY (2,6, My, k1, k1 -R.)
M + My

< docor >

dy dx dz dM} \ ¢s dpr, d”Pn1 sin(¢s + ¢r, ) door

mozmse B(y)|S.] 9 2
o Awﬁ.vw@% MA§H +§MVDHA&V \MNH vaitv
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Spectator model

Y IX >~ i (k=P — P)* = ki =mg >

P P PP
FEAN 8 :
78 0(k _ =
SN A= - m) R <o)t n g >< g.nT 00 >
m_ MQAwmlskab
m k A A(KPRP,) k Al Tr[AT]

— 2
= 8(1 —2)(P1 + P2)~ lx2 H+HM+>M:
=
J
-

Q

=

+~

=

Q

5

W._u " ) oM T - oM

= p | PR P p

- + o + - + h.c. +
a/k q q

/ /
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"Feynman” rules

asymptotic ~ (1 — 2)2271 = (1 — z)73+2e+21AA (Joffe, Khoze, Lipatov)
cut off large virtualities — A fragmenting quark k° = = k2 + HmNgwl_‘wimwm 3&
units from h\; &wml_.&mmml_. bHAN“m“ \Aw.u \M._. J NMI_.L = #

vs 3 k=k, k— Py ; Ngx = 2564 GeV’

/ g |2 |>w_w 1
] A, = 0.4 GeV ~ 3grNN

(Jakob, Mulders, Rodrigues)

T, T,
Y = o B
3
(Joffe, Khoze, Lipatov)
3
v 1 v Py Py |xmnﬁ§ am7 \ 2
resonance  (S,)"" = PI_m2 Fim,T, AIQ: + wum v ; Lp = 555 AHI 2
2
forr — 9.8440.50
1

3 1

2 2 4 2 A213\ 5

k2 — A7 N. — (1L Now |mg=Ap1" \ 2
qp — m

26 %Mﬁ.ﬁ. _3 |>W_._mw
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Approximated symmetries

HY(d— m~7t)

Ax
D
@
1
N
_|_
N
Il

wig\ttH\...\&\a._.&w\mu.....ﬁ_\THVQtDQJ... ~ w" f(x) Wﬁ.ﬁmﬁwvi\mv

= H3(d—n7nt)=—-HJ(d— ntn")
p) = |u,u,d) = Alp = 7T717) x Aw T — |b&v HI"

n) = |d,du) = A(n — ntn~) oc (2h} — 2h{) HY"

test of: { twist-2, spectator model, valence quark } approximations

Hi- =0 = analogous of "Collins” effect higher twist than "bowling” effect
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mHAM (u—m

+ﬁ|v

(2, My = m,) = \ dpr, d’ k1 dé |Ry| 117 (2,6, My = m,, k1, kL - R.)

2
Aem mm A:|vﬁ+ﬁlvANv

T2M

—0.3
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Experiments

e DSA:

low rates

e 1-hadron SSA:
require @P“
require Wt
but are doable
(HERMES, RHIC)

e 2-hadrons SSA:
at RHIC (pp" — mmX)
at EIC?
at HERMES?
at COMPASS?

Outlooks

Theory

o DSA:
small (DY) and uncertain (AT)

e 1-hadron SSA:
not collinear factorization;

suppression from Sudakov form factors;

LO evolution complicated;
asymmetry diluted;
model hadron — jet FSI

e 2-hadrons SSA:

Interference Fragmentation Functions

filter hy at twist-2;
model calculations:
from eTe™ — (777 ) (x 7 )X?

from spin=17 (see Bacchetta's talk)
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