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® The A Hyperon : a unique particle in spin physics

® Example: the spin-transfer coefiicient D ;,
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This talk was requested at the last minute ...
my apologies io NOMAD. COMPASS, and E665 for any
under-representation of their fine results!
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In A rest fraime, proton prefers to be emitted along
A spin direction ™= parity-violating weak decay

o = 0.642 ... 6, i relative to frue A polarization direction

l A spin structure l

Constituent g Model | SU(3) from nucleon*
Au  Ad As Au Ad As
p | +4/3 -1/3 0 +0.83 -0.43 -0.10
n| -1/3 +4/3 0 -0.43 +0.83 -0.10

* Burkardt & Jaffe : use measured p, n vailues +
SU(3)-symmetric flavour rotation to obtain hyperon values

A 0 0 1 -0.17 -0.17 +0.63
0| +2/3 +2/3 -1/3 | +0.37 +0.37 -0.43

=0 | -1/3 O +4/3| -043 -0.10 0.83
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Polarized SIDIS xsec

at leading order in 1/Q:
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Main topic of this talk — polarizing frag func D
UUT sin(¢} —¢%,) ® 1=

Spin Transfer in Fragmentation:

LUL 1 ®f1=®

ULL 1 X g1

UTT  cos(¢s +¢5) ®m

The rest involve T-odd distribution functions:
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Using polanmd beam and unpolarized target measure
longitudinal spin transfer in fragment? from struck g — A

PA. = Pbeam ) D(?J) DLL’

/2 B

final state struck quark spin transfer
A polarization polarization
‘ 2 A DA A DA
Dyy = Ze gfl("”) T 2 Z AT ) - wy' ()
2. €g@(x) Dy (z) D2(z)
\
Spin transfer Dy, sensiive to “purity”
® helicity consesvadion of quarks in fragmentation

® spin structure A\g” of A itself
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@ Spin transfer is small and appears to decrease at high z
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COS(HA) Mommts from CM$S ‘.

COMPASS: polarized 160 GeV /ﬁ beam on °LiD target
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COMPASS also sees
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06 | e HERMES data —— pQCD

- NCQM — Quark-diquark
08 —— B-JSUQ3) — SU(3)
- :....l...‘.l....|....|....l....|....|....|....l“..
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I z~dependent estimates I Ma ot al, EPJC 16 (2000) 657

® pQCD-based and ® quark-diquark modeis predic
24— — 1 for all flavours = spin transfer should rise with




o Gribov-Lipatov relation [ gn(x) ox D}(z)

endpoint 2 — 1 ZA — 1
po : A carries all energy ‘ struck q carries all
easy to see: - |
v Of struck quark energy of A

1) Quark-Diquark Model

1 m2+k; 12
'wD(x,k_L)Nexp_[g ( q .L+TnD—|-

_L

.. &8z — 1, VECTOR diq config suppressed

3 d L0 B o1
. u o2 P

. . 2
spectator diquark D in Au 1 Ad .
scalar or vector state u — - -
3

@) pQCD Model

r — 1 wawedn obtained from “normal” wavefn by
SHCRRIMGE @Ha«rge invariant mass gluons from -

.. propagators ~ 2 4 small
uplings, perturbative methods pOSSIble

e 1 Fy 3 Ag

p ——>—thus——>— —— — 1 for u and ¢
wu 5 F? 7 ¢
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A
éq‘,lr — 1 for all flavours!
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® Hyperon Spin Sisueture: simple CQM model

(1) Perfect haflisily emwservation of primary quark'-
(2) Quarks from siring breaks unpolarized
® A’s originating irevn decay of Heavier Hyperons
taken #to account

perons eentaining the primary,
avised quark are polarized




through decay of ©*, $0, =

2*
q > %’ +%>J2*,m2* A
- 4 2, D I - |l 2>JAmA
|5 +3) |7 —2
e N T s
# %’ _%>J2*,m2*
T .

production Rg decay .
probability n¥ 3 probability-DmE*_’mA(mx)
s, 5Ty,
(75 mpe{ftg|X7; maze) = |(Jg+, mpe|mam,)|®
e (275 Mg |Rg|E*; msse) |

e.g. POIarization of A formed from quark ¢' via =* decay:

2 mz* Z sz*-*mA(fﬁz) (mA)

JA

my* ma

X* (spin-3/2) — Ax (p-wave): | pA — p=*

20— Ay:| PA = —1p=° E — Am: | PA = PF
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1 -? - 7 3 A semge —p l? +§1.>jA,mA
lzs +§>Jq,mq \ %7 _%>J . <= |§a _§>.7'A,mA
DI Mg
= 3 _%>J2*vmz:*

| @) Production part I

Expectation values of number operator 727 related to first
moments of parton distributions. In hyperon Y,

~ 1 gy +Agy
<nq>mY=+JY - 2 A

~ | A Qy — AgQy
<n;r]>‘my=—Jy = <né>my=+~fy = 9

... for other my states, interpolate betw these limiting values
=) Polarization of wper

: 2
vy_Nely L (My) _2n 1 my
<Pq > qu)my (Jy) qy 2JY'|—1 Z (JY)

my a my

' Y formed from quark ¢':

for spin-1/2 :-,ryons‘ (AX,Z)  for spin-3/2 baryons (%)

Ag* 5 0"
Y\ __ Y\ _
(P]) = e (PY) = 5 v

= Polarization of a hyperon produced from a polarized
quark ~ polarization of the quark in that hyperon




sier D ;= A pokanization given 100% pekarized struck quarks
(i.e. after v-depolarizaton o

s

fY = subprocess fraction for producing A containing
struck quask ¢, through parent hyperon Y

a4 =u,d, s fsiwuck quark present in iopevel hyperon Y)
' = 7 ERIRLICH -I‘k NOT prem " Y)

ransiéer eeefficient for same process:
CY = (P{)- {decay part for Y — A)

Aq' in Constituent Quark Model C, in Constituent Quark Model

Y\q Au Ad As Y\q o d S n

A 0 0 +1 A 0 0 +1 0
=0+ o+ 4 =0 | 5/ 480 45/9 0
=0 +2/3  +2/3 -1/3 30 29 29 +1/9 0
=0 | -1 0  +4/3 =0 | -8 ® +2/3 0

C in SU(3) Symmetric Model C; in SAN3) Vallemoe Model
(Burkardt & Jaffe) (Ashery & Ligkin)

Y\g U d s n Y'\gq u d K

A | 017 -017 +063 0 A | -007 007 +073

»*0 | +0.13 +0.13 +0.78 0 »*Y | +0.13  +0.13  +0.18
0
0

20 | 012 012 +0.14 2° ] 016 016  +0.11
=0 | -043 -010 +0.42 = | 033 000 +047
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%8 I  Diquark/pQCD models
Pure u -» A, B-J SU(3)
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from heavy hyperon decays:

4% -~ 80% of all lambdas

Very few lambdas contain
struck guark: about 10%

cam sumocess fractions

SPIN 2002, Sept. 9-14




0 F—— All tambdas
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® Most A’s from struck quark are produced in
forward region (x_>0)

ificant number of A’s from target remnant also

hmx >SO0H

preauchen mechanisms are complicated
| Gﬂmw remnant
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Red = contains struck quark ...

x 103

| Current vs Target Region at EIC

Blue = contains remnant
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Lambda at HERMES 38:0 kinematics
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- Origin of \'s at EIC Kinematics
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. Lambda® production
- (EIC at 10+250)
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A Production
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" Sigma * production
F (EIC at 10+250)
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Must see if there’s enough /underlinerate at high 1




A Polarization at F<0: Asin proton
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e polarized ¢ beam fimes struck v spin |

e struck u and remnant s are in spm-smgletsm
-Mw@ CIRGINAG QCh

e 53 pairs from prelien sea are in 3P, state
(to get vacuum quantum numbers JPC = 0"'*)

e A spin is carried by s quark

.- but with polarized beam and target ... |
Py, directly sensitive 0 s-quark spin, and .-, to As in proton

p. _ 2i€ [ Pradi(x) — PsD(y)ai(®) Jesg
A Y €2 [ai(x) — PePrD(y)Aqi(x) ]




Conclusmns
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® Spin transfer ~ 0 observed at fixed-target DIS expts:

at zy > 0from HERMES

® Significant contribution from heavier hywon decays
(about 40 - 60%)

® Very few A’sconfigih struck quark (about 10%)
explains small spin transfer, in one mode

® Evenatzp > 0, manwy A's contain target remnant

=) can't use A a8 “polarimeter” for initial-state
quark spin in mwmedlate -energy DIS

- ==p CAN use A to explore target fragmentatlon region ...
possible sensitivity to As?

® Very different situation at EIC : high statistics,
energy, and acceptance will make hyperon polarization
useful as a final-state polarimeter in DIS!




