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Introduction

Partonic structure of the proton
Pole deep inelastic scattering (

HE

A brief history of the proton spin puzzle

e (1927) Denisson discovers that the proton is a spiférmion

@ (1933) Estermann & Stern measure protons anomalous magnetic moment
@ (1960s) SLAC discovery of scaling

@ (1980s) EMC (“Spin Crisis”)

@ (1990s) SMC, HERMES, SLAC measure inclusive
structure function (“Spin Puzzle”)

@ (2001) HERMES 5-flavor extraction dkq
e New analysis of strange quark polarization
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Introduction ’ .
ure of the proton

lusive deep inelastic scattering (SIDIS)

Quark Parton Model Formalism

o DIS requirementst)? > 1.0, W? > 10

e Virtual photon probe reveals the partonic substructure of the nucleon

e Hadron provides flavor tag for struck partog ¢ 0.1, 0.2 < z < 0.8)

e Angular momentum conservation connects parton spin to polarized target

d*0)23/2) 2 ot
(=)h 2
dXdeZ X quqq(X7 Q ) Dq(z: Q )
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1 02/2 - 02/2 92=0 SeAq(x, Q°)Dg
<Pth> U:PI_]/Z + Ug/z qu(X7 QZ)DH

Al(x, Q%) =
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Introduction .
of the proton

lusive deep inelastic scattering (SIDIS)
en

Quark Parton Model Formalism

(E'p)
(E.p) -
oy 2
T 0,
N @@ Q) /?R‘
® 5. o
@
e DIS requirementsQ? > 1.0, W? > 10

Virtual photon probe reveals the partonic substructure of the nucleon
Hadron provides flavor tag for struck partog (> 0.1, 0.2 < z < 0.8)
Angular momentum conservation connects parton spin to polarized target

Asymmetry can be recast in terms of a completely inclusive quantity (purity)

h h
1 912~ 932 620 Pl (x QZ)AQ(X7 Q)
(PoPy) O-;_]/Z + ‘72/2 o

Al(x, Q) =
qx, @?)
1174
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Introduction

Partonic ire of the proton
Po deep inel tering (SIDIS)
HERMES experiment

Experimental Details

o recues — TRIGGER HODOSCOPE H1

ORET CHANBERS ]

e Polarized lepton beam of the HERA rirg Ps >~ 54%

o Polarized gas (ABS) target Pt >= 85(—84)%

e Open geometry forward spectrometer

e 98% lepton identification with< 1% hadron contamination

o Excellent separation of, K andp via ring imaging Cherenkov (RICH)
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HERMES SIDIS results foAS 5-flavor purity extraction 5
New scalar extraction frorhi

Published 5-flavor purity extraction

A =P-Q
A1_+p
1p hoy —  €ad(x) [ dzEh(2) Aufu
- Pq(x) = Ad/d
A 4 €2, -
A = Allz Sq € q(x) [ dzD} (2) 6= | Au/o
; Adyd
- Measured As/s
Ald

e Inclusive purities extracted from LUND string model MC simulation
(LEPTO+JETSET) tuned to HERMES unpolarized data

e System of asymmetries and purities solved throygminimization of
polarizations
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New scalar extraction frorhi

Published 5-flavor purity extraction

A =P-Q
! a0 | dati(2) Bufu
1,p h q(Xx zDy(z
- Pq(x) = Ad/d
. A “ Yy €0 dzD), .
o= | Ay AT ERE g Au/u
_ Ad/d
B \ Simulate@ As/s
Arg

@ Inclusive purities extracted from LUND string model MC simulation
(LEPTO+JETSET) tuned to HERMES unpolarized data

e System of asymmetries and purities solved throygminimization of
polarizations
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New scalar extraction frorhi

Published 5-flavor purity extraction

A=P-O

Arp

ATp h q(x) [ dzm)(2) Au/u
T Py(X) =

A — ﬁl,p a(X) Zq/eg,q/(x) fdzD;,(z) (_j B ig?g
- 1,d = o/a
. Ad/d
_ Gimed  \a9s

Arg

@ Inclusive purities extracted from LUND string model MC simulation
(LEPTO+JETSET) tuned to HERMES unpolarized data

e System of asymmetries and purities solved throygminimization of
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HERMES SIDIS results foAS 5-flavor purity extraction 5
New analysis: iso-scalar extraction frothi

Published 5-flavor purity extraction

e Only 5-flavor Aq extraction
o As= Asonly flavor symmetry assumption

e Au, Adin good agreement with LO & NLO
inclusive fits

GRSV2000
LO std

BBO1LO

e Sea quark polarizations all consistent with 0

e First moment:
A®s = 0.028+ 0.033+ 0.009 in measured
region

-0.1 -
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HERMES SIDIS results foAS 5-flavor pur traction
New analysis: iso-scalar extraction frohi

New Analysis: Iso-scalar formalism

Using only deuteron target (iso-scalar) and
kaon asymmetries allows alternative extrac-
x

tion of As/s & 4L HERMES PRELIMINARY
_ N
Au(X) = 0172 — 03/2 Foe > K+ X
01/2 + 03)2 08
K K [
0172 — 03)2 L
Af (x) = J12  73/2 06|

K K
T2t 035

02l L
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New Analysis: Iso-scalar formalism

Using only deuteron target (iso-scalar) and
kaon asymmetries allows alternative extra@-

tion of As/s g/ 4L HERMES PRELIMINARY
01/2 — 03)2 [ e+d-K+X
Al(X) = —— b
01/2 + 03)2 0.8
K K [
0172 — 03)2 L
Af(x) = 232 os

K K
T2t 035

DY ;/dz 4DI§++K’ + D§++K’) i
0.2j +

]DS_/dz o ottt
QM) =Au() + A0(X) + AdX) +AX) 4l
AS(x) EAS(X) + A3(x) 0 «

o From charge conjugation invariand@}{ *" = D2++h_)
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New analysi scalar extraction frothi

New Analysis: Iso-scalar formalism

Using only deuteron target (iso-scalar) and
kaon asymmetries allows alternative extracs;

tion of As/s % F :
5AQ + 2AS FSo6F HERMES PRELIMINARY ]
A]_(X) E sl E— 3 F 7
509 + 25x) Sost T WO LN
AQDK ZASD)K 2 f 5Q(x)+25(x)
Al( ) Q QK+ (K) §0.4; B
QUDE + 25(x)DX Y
- _ 3 s ' ]
Db= [az(adf D) o ]
D§ —/dz ++K °-‘;’ 7
of mmmm— 7
AQ(X) =Au(X) + AT(X) + Ad(x) + Ad(x) b |
AS(x) =As(x) + A(x) 10 y

o From charge conjugation invariand@}{ *" = D2++h_)
o CTEQ6 LO used to fit fragmentation function constants.
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New Analysis: Iso-scalar formalism

Using only deuteron target (iso-scalar) and
kaon asymmetries allows alternative extracs;

tion of As/s % F :
5AQ + 2AS FSo6F HERMES PRELIMINARY ]
A]_(X) E sl E— 3 F 7
509 + 25x) Sost T WO LN
AQDK ZASD)K 2 f 5Q(x)+25(x)
Al( ) Q QK+ (K) §0.4; B
QUDE + 25(x)DX Y
- _ 3 s ' ]
Db= [az(adf D) o ]
D§ —/dz ++K °-‘;’ 7
of mmmm— 7
AQ(X) =Au(X) + AT(X) + Ad(x) + Ad(x) b |
AS(x) =As(x) + A(x) 10 y

o From charge conjugation invariand@}{ *" = D2++h_)
o CTEQ6 LO used to fit fragmentation function constants.
o No dependence on MC simulation. 1 Pz
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HERMES SIDIS results foAS 5-flavor pur traction
New analysis: iso-scalar extraction frohi

Data corrections

£ 2 - lg 2
2 = |8
s 18 = |5
2 4 DIS ;Lﬂ 16} Kaon
14 = 14
12 = 120
10 = 10-
8 o 8
6 . e 6 .
i = Cem
4 S B E e e e e - 4  .Ema
20 LTt o 2 LTI
A T 1 e o
% 2 4 6 8 10 12 14 16 18 20 % 22 I
Born Bin Born Bin

e Charge symmetric background correction. (pair production, neutral pion decay)
o RICH efficiency is momentum dependent, unfold misidentification

o Radiative correction that takes into account bin migration using detector and
radiative corrections simulation (GEANT3 + RADGEN)

e Vector meson decays contamination in hadron signal estimated (PYTHIA) and

removed
W
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HERMES SIDIS results foAS 5-flavor pur oly]

&
New analysis: iso-scalar extraction frohi

Results of iso-scalar extraction method

% 2 F HERMES PRELIMINARY S(x):s(x)qé(x) § 0_2 HERMES PRELIMINARY Q(X):u(x)oﬂ(x)cd(xica(x)
x 1 + X
@ <1
) PR . 2 } Soaf ;
Af + t
0 IR
2L PR ———
‘ ‘
-1 1
10 10
XBi XB]
S HERMES PRELIMINARY 8 o 2 L HERMES PRELIMINARY
D01} g? }
[ ¢ b 01}
0 by i
T
0.1 [ 0 B
x| i
10 10
Xg, Xg,

Result consistent with zero and... 1
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HERMES SIDIS results foAS 5-flavor puri action
New analysis: iso-scalar extraction frohi

Results of iso-scalar extraction method

g 2
2 o losomar % = Sty
5 1 L § o 2 L HERMES PRELIMINARY Q(x)=u(x)+u(x)+d(x)+d(x)
L . f% bl b = ;
Bt Sor|
1 ' $
, | | v e !
107 1 T—ﬁ
XB] 10
® X
a 0.1 80_2, HERMES PRELIMINARY
NIRRT TR 3 *
0 | + +l l\ |l
11 7Y T? ++ 0.1 4 +
$
01} 0 LRI I
10 1 =
X, 10 %,
...with previously published extraction. 1
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Expectations forAS g1 NLO inclusive analysis & hyperofs decay

QCD inclusive structure function fitting

1 3
g =3 (ch® [ﬂ:%‘ + %} +Cs@a0+2NCy ® A%)

e One would like to extract the moments directly from the differ@fy
dependences. (cf1)

e The lack of kinematic coverage fgi makes the use of polarized hyperén
data necessaryad)

aa=F+D=A-AY

as=3F — D= Alu+ Ald - 2A's
a=AY=A+Ad+ Als

e Allinclusive analyses tend to favax¥s < 0.

e But these depend on SU(3) flavor symmetry for the hyperon octet, which must
be violated at some level. 19274
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Conclusions

Can this be reconciled?

e SU(3) flavor asymmetry breaking ef 20% (supported by KTeV) for hyperon
beta decay can give @7 < ag < 0.70) [1]

e Use SMC first moment af;
o ThenAls = 0 requiresag = 0.0890.197)
o From this effect alone it seems implausible to have a vanishing moment.
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during 5-flavor analysis) [2]

o Study of the flexibility in global QCD fit similar to BB LO
o Atrtificially offset parameters of fit to assess change in moments
e Both modified and unmodified fits were consistent with HERMES result
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e Extrapolation into the unknowxregions can have a major effect.

o A drastic turnover wheréd\s ~ —5 for x < 0.023 is not impossible as
S(x) ~ 20— 300 for Q01 > x > 0.001 [3]
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Conclusions

Can this be reconciled?

SU(3) flavor asymmetry breaking ef 20% (supported by KTeV) for hyperon
beta decay can give @7 < ag < 0.70) [1]

e Use SMC first moment af;

o ThenAls = 0 requiresag = 0.0890.197)

o From this effect alone it seems implausible to have a vanishing moment.
How much flexibility exists in the NLO QCD fits tg,? (extensive studies
during 5-flavor analysis) [2]

o Study of the flexibility in global QCD fit similar to BB LO
o Atrtificially offset parameters of fit to assess change in moments
e Both modified and unmodified fits were consistent with HERMES result

e Extrapolation into the unknowxregions can have a major effect.
o A drastic turnover wheréd\s ~ —5 for x < 0.023 is not impossible as
s(x) ~ 20 — 300 for Q01 > x > 0.001 [3]

Exciting new physics foAs(x < 0.02)!!
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Conclusions
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