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Gluons are important !
Full description of J_  and J
needs
orbital angular momentum

1989 EMC measured
> =0.120£0.094£0.138 =P Sea quarks Aq_

=) Spin Puzzle
1 1 \
I |l
. Mw _L)HL

(Au, +ME;+Au+Ad+As+As)
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@ Virtual photon  can only couple to quarks of opposite helicity

® Select or q (x) by changing the orientation of
target nucleon spin or helicity of incident lepton beam
A= -0

Asymmetry definition:

e',h e'.h NE) Lg N5> LE)
e h _ G/ = O3 e'h 1 e',h — "Ne'h

' (PePr) NG LU+ N L

e'.h e'.h |
O,/ +O3);

inclusive DIS: only e’ info used semi-inclusive DIS: e'+h info used
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Gluons are important !

1989 EMC measured
> =0.120£0.094+0.138 =P Sea quarks Aq_

=) Spin Puzzle
1 1

272
(Au, + Ad_ + Au+Ad + As+ As)

—(Au, + +Aq, )+
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H1+ZEUS
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|| total uncert.
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@ Indirect from scaling violation

10
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Isolate the photon gluon fusion process (PGF)

® Open Charm production
% Reaction: ¥y p— Df +D+ X
» cc = reconstruct D”,D°

e [dsac™ aG(x,,$) ! AG
" [dSe™G(x,,9) G

@ HERMES sqrt(s) to low for reasonable statistics

A
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Idea: Direct measurement of AG @& -©®

=P Isolate the photon gluon fusion process

@ detection of hadronic final states with high py
» high pt pairs of hadrons
» single high pt hadrons

‘ less sub-processes contributing ©

Q?)<0.1 more sub-processes contributing

higher statistics ©

Q%)< 0.1 more sub-processes contributing ©

(@)>1
(@)
< 2>>o 1 less sub-processes contributing ©
< > higher statistics ©

more inclusive — pQCD NLO calculations (easier) possible
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@ Measured asymmetry is an incoherent superposition of
different sub-process asymmetries:

PE(RY= X A = o AT + T, A% fi=—t

@ The gluon polarization is then:

[A“meas _ ]

A
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< 03 e=IX iedes Preimnag® X ® "Antitagged” data:
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0.1
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@ Curves from

MC+asymmetry model
L | using
’ 1 = 1 Pmeamfﬁe“) » Ag/g(x)=0: central

% Ag/g(x)=-1: upper

The Ag/g=0 asymmetry is due to quarks only! » Ag/g(x)=+1: lower
Gluons contribute to the cross section
(asymmetry) above p=1 GeV
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A -
:

+
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Subprocess Fraction

Subprocess Asymmetries
(using GRSV std.)
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QCDC/QCD2->2(q) increasing with py  Important for backgr'ound asymmetry
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World Data on AG/6
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Vv Vv

Gluons are important !
Full description of J_  and J
needs
orbital angular momentum

1989 EMC measured
> =0.120%£0.094£0.138 =P Sea quarks Aq_

=) Spin Puzzle
1 1
==—(Au, +Ad, +Aq,)+AGHAG + L,
2 2
g = y
(Au, + Ad o+ Au+ Ad + As+ As)
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Study of hard exclusive processes leads to
a new class of PDFs

Generalized Parton Distributions

wide angle P
Compton H v Eq I:I q Eq
] ] ]

scattering

deeply virtual

Compton
scattering ‘
— y
é:;n.:qellltzen orbital angular
ccatrering ; LI VTT @ g momentum § possible access 1.0
. - . < transverse localisation Ol"bi'ral angular' momentum
pp annihilation 2 ‘.’o.
pe— 4 Y 1/ e1
i e O
exclusive deep inelastic \Jq o~ E -‘- 1 XdX( H “ + E a )
eson production catterin -
d:;p virtSal / large t ) Ptl;f-'s ¢ t—0
J = EAZ + .

from DIS:

exclusive: all products of the reaction are detected
HERMES ~0.3

==pmissing energy (AE) and missing Mass (M,) = O

JLab Users Meeting June 07
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What does GPDs charaterize?

unpolarized polarized
conserve nucleon helicity

IO R aix0,0) = g, H (x,0,0) = Aq

q E9(x, & 1) flip nucleon helicity
= (X’F”t) ( S ) not accessible in DIS

quantum numbers of final state ==p select different GPD

pseudo-scaler mesons vector mesons
J9 E£d HY E®
ally/= e
Ayr:Ops Aut:0p.0.0
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Exclusive p production

TRANSVERSE SPIN ASYMMETRY

-Goeke, Polyakov, Vanderhaeghen (2001)-
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HERMES PRELIMINARY
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ep &b p

Eur. Phys. J. C 46, 729-739 (2006)
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SciFi/Lightguide
Connector Ring

Water
Cooling
for Si Det. w !

Flange to o |
HERA beam pipe 4§

C2Co

Build b
Gent, €

0.04

0.02

P hoton Det. Lightguide Connectors
-~

Photon Detector
(3 layers tungsten/scintillator)

8 SciFi 2

— SeiFi 1

@ detection of the recoiling proton
% p; 135 -1200 MeV/c

% 76% ¢ acceptance

= 7/p PID via dE/dx
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@ perfectly running since July 06
@ alignment and first calibration done
@ Recoil profon and deuteron seen in silicon
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O 12 (x) = {f (X)+S, 8,007, + b, (X)yy'S; |’

= ° 91:° ’_e g hlq:o_0

unpolarised quarks longitudinally polarized transversely polarized

and nucleons quarks and nucleons quarks and nucleons
q(x): spin averaged Aq(x): helicity difference oq(x): helicity flip
- vector charge -> axial charge -> tensor charge
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‘ 1 )
O (x) = 5{f1<x> +S,9,0075 +h(X)7,y'S; |n

relativistic nature of quark:
in absence of relativistic effects h,(x)=g,(x)

Q2 —evolution: unlike for g,P(x),
the gluon doesn’t mix with quark inh,P(x)
(no gluon analog for spin-2 nucleon)

sensitive to the valence quark polarisation
g and q have opposite sign.

I

tensor charge: first moment of h,
single helicity (large from lattice QCD)

flip

A
Yeihs E£.C. Aschenaver
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(¢ -8 ¢ ) angle of hadron relative to
S/ final quark spin (Collins)

| ) angle of hadron relative to
Initial quark spin (Sivers)

peculiarity of f',1
: chiral-even naive T-odd DF
(Sivers)
related to parton orbital

momentum

violates naive universality of PDF
=) different sign of f-, in DY

LM E.C. Aschenauer JLab USers M —




—L —
AcoII . hl(X)Hl (2)
;

|_
R 02pm KT "HERMES PRELIMINARY 2002-2005
ein rO [ lepton beam asymmetry, Collins amplitudes
5 0.15 = :_8.1% scale uncertainty
= . -
5 o) Tt |
N 005 F 2 TE 3

' +:| L oo n p L: F b :3 . ‘

0 D_El____+ _________ _.::l---+----|. -------- Edbkoszaces f____F_.

@ Collins moment:
nt>0 n"<0
@ 7" unexpected large
= role of unfavoured FF
Hfav == Hunfav
@K">0 K>0
K* and ©t* consistent with
u-quark dominance

S ol K i - @K and
S ol t E -] complicated sea quark contr
2 oos 4 ) : T =T @ Collins moments:
L 2 S S n*: 0.01374 + 0.0028
bt Em e r abRres l n0: 20.01158 + 0.0078
| : : n-: -0.02260 + 0.0033
3 ___mim K+: 0.00229 + 0.0101
Ol 02 0302 03 04 05 06 ozo0s0s08 1 | K-i 0.04336 + 0.0189
X z P, [GeV]
Léﬁ E.C. Aschenauer 30



——
i
ASivers g 1:1T (X) Dl(z)
—
CS T
= ‘m KT - HERMES PRELIMINARY 2002-2005
& 0.25 T ot T lepton beam asymmetry, Sivers amplitudes
\é/ - - 8.1% scale uncertainty
c 0.2 - L
N | |
o 015 - - * | n
g I
AR L f bl ro
af | | |
| ! $ 7 bE ;
005w o o O o oF o O N
:|EJ o
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0 f--mmmmmmmm e e e
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L A 4 | A
-o.os%J‘ | - C |
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@® Sivers moment:

nt >0 - ~0
@K*'>0 K ~0
K*> gt

% sea quarks important

@ Sivers moments:

n*: 0.04343 + 0.0027
n%: 0.02892 + 0.0078
n-: 0.00579 + 0.0033
K*: 0.10009 + 0.0093
K-: 0.01081 + 0.0165

@ non-zero orbital angular
momentum in p-wave fct.
* Lg ??

® opposite sign f;1-in DIS
and Drell-Yan
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Elepton beam asymmetry, Collins amplitudes
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Summa rautlook
HERMES ry é‘ut 00

End of Data Taking Party

DESY/Hamburg n

Contact persons: Secretaries

Phone: (+)49-40-8008 2047

AND
a lot of new physics

® unpolarised PDFs u,/d, ubar - dbar, F,

® hadron attenuation, pt-broadening

@ hadron multiplicities, fragmentation fcts.

® Aq Millennium edition

® new results on DVCS and friends

® final results on transversity and friends

» and everything we don't think about yet

June 30 - July 2, 2007
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BACKUP

A
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combining signals from:
TRD, calorimeter, preshower

Dual radiator RICH for &, K, p = |
ToPRICH . R
o8 E F El3 q1:
s P I P I P —
ot | 1F JF =
0.2 b __ .+t_ ]
TR
0LE — —;i * I.‘_:_ —

BOTTOM RICH

N HF - .

LIT I PP PEPY] IAl.I'I'l.: Coov v by v v 07 ‘|.|'|l||l.| L i el

I I I I n UL

- pl

F dE 1F.e . B
C P il F JE F _

PTT PK . PP
2 E|d R 2 =i
[ I | 10 TL I e ] 1 ] L r:lm)

3 10 15 5 10 15 5 16 153

P (GaY)
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A(X)

HERMES PRELIMINARY

| e+d > e'KEX

@ Need a longitudinal polarized deuterium target

= strange quark sea in proton and neutron identical
» fragmentation simplifies

@ All needed information can be extracted from HERMES data alone

» inclusive A, ((x,Q?)and kaon AKX, ; (x,Q?) double spin asym.
= Kaon multiplicities

@® Only assumptions used:

= isospin symmetry between proton and neutron
» charge-conjugation invariance in fragmentation

Srange \EJUL=Z] DL uz

Strange contribution

(dN*(x)/d

This Work Kretzer KKP
IDrﬁtrg(z)dz 0.41+0.02 1.103 1.111

Z)
[DX,(2)dz 1412029 0783 0.296 J

N
T

g

Nz

-2
10 I I TR S |

Lé!ﬁ:s' E.C. Aschenauer
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10~ 10"
5] 5]
% 0.2 _ HERMES PRELIMINARY % HERMES PRELIMINARY
2| = = pl 0.1F -
7 QM) =u(x)+ u(x)+d(x)+d(x)$ < S(X)zs(x)+s(+)() +
01f . 0 Lol e Yo ]
: y _ + + * +
- R
0, |5 i e FoTroeroemoeee 0.1+ P —
C P | _1 " PR | _1
10 10
. XBJ. ; XBj
[ AQ=0.286+0.026+0.011 [ AS=0.006:+0.0290.007
@ Earlier HERMES conclusions of 5 01
unpolarized strange sea confirmed 0.075 | | |
= factor 2 smaller error bars 0.05 | S T S
@ Errors very sensitive to FF input 0.025 | % 111 % !
o
-0.025 f f
'0-052’ ® Published (Isoscalar) ’
-0.075 [ O Published (5 parameters fit) 1
’ [ o HERMES PRELIMINARY (Refined Isoscalar) ]
-0.1 ¢ . oo
10 0.5

+

A
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@ HERMES cross section:
kt, pr standard values:
”@>_.04oeev
» M.Anselmino et al. Phys. Rev. D71,074006
< pt2> = 0.20GeV 2 + 209/ Polarized and unpol. cross

sections and k factors
(B. Jager et. al., Eur.Phys.

> 1 T c44(2005) 533)
3104

= 10 ,; ] d(A)o / de [pb/ Ge’i] :
$10 F— PyTHIA ' SR
2210 & ® Deuieron Data, ¢° 3 o ]
-5 10 ?' 1 1 :eud_slhf:’l x 1 'l é’ ) 'é
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' Mix processes with different photon characteristics

direct

Elastic, diffractive, Compton

@ Small' @ UiscHOmalois: (=, resolved9 @A dton2dominate e’

3 Large((ld?:i'?_ia‘ #8minatesDIS processes e 3 Q
@ Choicé %‘t’iésresprocess depbrding to hardest scale involved: — q

@ If all slco:gies are too smallphebftiSsYMD (diffractive or ,,Iow-pTié_k:

@ The ,resolyed’ part is modeled to match the world data on cfy )p, d

_q’

processes p

A
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HERMES PRELIMINARY 2002-2005
lepton beam asymmetry, Collins amplitudes
8.1% scale uncertainty

0.2 04 06 08 1
P, [GeV]

l'~'|_
=
(%))
<
=
=
=
0
~
N

HERMES PRELIMINARY 2002-2005
lepton beam asymmetry, Sivers amplitudes
8.1% scale uncertainty

0.2 04 06 08 1
P, [GeV]




two experimentally undistinguishable processes: HERMES kinematics:
=

B e €
N T i
/< & /CDYLA
p p+A P p+A
DVCS Bethe-Heitler (BH) _
0 10 20
do ~ (TBH Toves + Toves Tan )"‘ e |2 | O 9
isolate term =) non-zero azimuthal asymmetries

transverse target spin asymmetry:
do ,—do ~¥Im(F2_tIf— F E)sin(¢—¢,)cos(d) +
sin(¢—¢)cos(¢)

1m(F, A - FEE)cos(d - b, )sin(9)

cos(¢—1)sin()
S

=
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S % /D do o] Ty | + [ Tpyes | +(@aaToves T TovesTan)

I~Ac
Ao ~ coso -Re{ H +/@|4 } - H &
A,y ~ sing-Im{H + £H'+ KT G+
Ao, ~ sin¢-|m{|t| + EH+ L} |m}; I;target &
Ao ~ sing-Im{k(H - E) +.<} mp H &«

¢ =x/(2% ).k =tamz Kinematically suppressed
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® first model dependent extraction of J, possible

Code: VGG
J4 assumed to be zero

sin(¢—¢s)cos(9) _
T

Im(F,H - F,E)

cos(o—ds)sin(¢) _
B

Im(F,H — F,EE)
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Can we constrain (J, +J )

HERMES 2002-04 Preliminary e pl S ety X (M,<1.7 GeV)

Ao (F9€050 2 g 149 + 0.058(stat) + 0.033(syst)

<t>=0.12 GeV?, <x>=0.095, <Q°> = 2.5 GeV?
GPD Model: LO/Regge/D-term=0
[Goeke et al., Prog.Part.Nucl.Phys.47(2001),401]
Code: VGG [vanderhaeghen et al., priv. comm]

Il Lattice QCDSF 3™ (u’= 4GeV ?)
stat. uncertainty only [PRL92(2004),042002]
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