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EXPERIMENTS

Short-term: HERMES Run [l

(2004+) COMPASS-1

Medium-term:  HERA running ends middle 2007

(2007+) COMPASS-2 ?

long-term: New high-rate, high-resolution spectrometer
(2012+) to realize ELFE/TESLA-N physics ?

— Lepton-Nucleon high luminosity experiment

at a high intensity proton machine 77

PHYSICS
Sea quark helicity distributions Aqs =3
Quark transversity distributions  d¢q, dq, —

Polarized Gluon Distribution
Generalized Quark Distributions  H,, 4, I, 4
— Long-term goal
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THE EFFECTIVE POLARIZED LUMINOSITY FOR A SOLID-
STATE FIXED-TARGET EXPERIMENT IS A FACTOR OF
ABOUT 25 LOWER THAN FOR POLARIZED ep-COLLIDERS.
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MOTIVATION (I)
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PARTON DISTRIBUTIONS OF THE NUCLEON

AT LEADING TWIST IN PQCD

2

q(z, Q) QUARK NUMBER DENSITY DISTRIBUTION ( f})
Ag(z,Q%)  QUARK HELICITY DISTRIBUTION (g7)

5q(z, Q%) QUARK TRANSVERSITY DISTRIBUTION (hY)
G(z, Q%) GLUON NUMBER DENSITY DISTRIBUTION

AG(z,Q°%) POLARIZED GLUON DISTRIBUTION

§q(z, Q*) AND AG(z, Q?) PRESENTLY NOT KNOWN !



Paysics MOTIVATION 1

q (x),q" (x): longitudinally polarized quarks
q'(x), g*(z): transversely polarized quarks

Distribution of unpolarized quark species q:

fi(z) = q(z) = ¢~ (z)+q" (z) = q' (&) +¢'(2)
Helicity distr.: g{(z) = Aq(z) = ¢ (z)—q¢™ (x)
Axial charge: AX = 3°_ fol dz(g{(x) + g{(x))
Transversity: () = Sgz) = g (z)=¢ (=)

Tensor charge: 6¥ = 3°_ fol dz(hi(z)—hi(z))

Quark distributions & nucleon charges depend on virtuality Qz.

TRANSVERSE SPIN STRUCTURE
OF THE NUCLEON

LAST MISSING PIECE IN THE LEADING
SPIN STRUCTURE OF THE NUCLEON

e New information on the dynamics of quarks inside
hadrons

e Study validity of untested QCD predictions:

1) Tensor charge >> axial charge

2) Transversity has weaker Q? evolution than helicity
distribution



TESLA-N

(QUARK TRANSVERSITY FROM
SEMI-INCLUSIVE P10oNs (IV)
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PROJECTION FOR THE VALENCE u-QUARK TRANSVERSITY
DISTRIBUTION BASED ON 100 fb~™! AND A MINIMUM
DETECTOR ACCEPTANCE OF 5 mrad.

TENSOR CHARGE / TRANSVERSE SPIN OF THE NUCLEON:
(‘ALL-VALENCE OBJECT’)

1
2Q) =3 [ de(ba(e, @) - 5a(z, Q%)
q

= cli'cal swhb‘f"y !

PROJECTED ACCURACIES AT Q% = 1 GeV?:

l du = 0.88 £ 0.01, 4d = —0.32 £ 0.02

o ]




CDIRET )
FUTUREVMEASUREMENTS OF THE

(GLUON POLARIZATION

g - ® TESLA-N pairs of high p, hadrons 100 fb™' at 250 GeV

(O] " ® HERMES pairs of high p, hadrons until 2005

< 0.8 - A COMPASS pairs of high p, hadrons 2.0 fb™ at 200 GeV

" O STAR at RHIC direct photon + jet 320 pb™ at Vs = 200 GeV
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PHENOMENOLOGICAL PREDICTIONS FOR Q% = 10 GeV?

HERMES POINT# IN THE FIGURE:

DATA WITH LONGITUDINAL TARGET POLARIZATION,
ORIGINALLY PLANNED UNTIL 2005, ARE TO ABOUT
80% ALREADY ON TAPE THANKS TO EXCELLENT HERA
CONDITIONS IN 2000 AND DUE TO AN IMPROVEMENT OF
THE TARGET DENSITY BY ABOUT A FACTOR OF 2.
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HERMES 1‘1%[‘57-‘ (p) 2 1??8—2w(d) lowmg. peC.

" FIG. 2: Quark helicity distributions at (Q?) = 2.5 GeV?, as
a function of Bjorken z, compared to two LO QCD fits to pre-
viously published inclusive data shown as dashed [28] (“stan-
dard scenario”) and dot-dashed [29] (“scenario 1") curves.
The error bars are statistical and the bands at the bottom
represent the systematic uncertainties, where the light area is
the contribution due to the uncertainties of the fragmentation
model, and the dark area is the contribution due to those of
the asymmetries.

FIG. 3: The light quark sea flavor asymmetry z - (A@ — Ad)
in the helicity distributions, at (Q?) = 2.5 GeV?, compared
to a theoretical prediction [30] (dashed curve with theoretical
uncertainty band). The experimental error bars and bands
have the same meaning as in Fig. 2.
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PHYSICS MOTIVATION 11

(ZJENERALIZED PARTON DISTRIBUTIONS:

UNIFIED THEORETICAL DESCRIPTION OF
INCLUSIVE AND (HARD) EXCLUSIVE PROCESSES

H? HY: REDUCE TO ORDINARY PDFS FOR t — 0
E? FE?% pO NOT EXIST IN DIS

t: MOMENTUM TRANSFER AT NUCLEON VERTEX

ACCESS TO GENERALIZED PARTON DISTRIBUTIONS

EXCLUSIVE PROCESSES BEAR
QUALITATIVELY NEW INFORMATION
ON STRUCTURE OF THE NUCLEON

e DEPENDENCE OF GPDS ON MOMENTUM TRANSFER
t ALLOWS CONCLUSIONS ON PARTON DISTRIBUTION(S)
TRANSVERSE TO NUCLEON’S DIRECTION OF MOTION

= 3-DIMENSIONAL PICTURE OF THE NUCLEON

e 2ND MOMENT OF ‘UNPOLARIZED’ GPDs HY AND E1
ALLOWS, IN LIMIT OF VANISHING t, DETERMINATION OF
TOTAL ANGULAR MOMENTUM, CARRIED BY QUARKS ¢



GPDs AnD DVCS

SIMPLEST HARD EXCLUSIVE PROCESS: ep — ep~y
(v'p — vp)

CONSIDER v*p IN BJORKEN LIMIT —>
DEEPLY VIRTUAL COMPTON SCATTERING

e Highly virtual quark in 4™ scattering
—— propagates perturbatively

e Simplest (and dominating) QCD mechanism to form
Compton final state: quark radiates real ~ and falls
back to nucleon ground state
(‘hand-bag’ subprocess in pQCD)

DVCS BETHE-HEITLER

do ~ |ty + Tpves|® = |tul* + |toves)* + T
I = TpuToves + TBHTpyCs

e DVCS DOMINATED BY BH IN MOST OF KIN. REGION
e INTERFERENCE TERM: ACCESS TO DVCS AMPLITUDES

= USE BH AS AN ‘AMPLIFIER’ TO sTUDY DVCS



GPDs anp DVCS (1)

e (GENERALIZED PARTON DISTRIBUTIONS:
GENERALIZATION OF USUAL PARTON DISTRIBUTIONS
AND NUCLEON FORM FACTORS

e USUAL PARTON DISTRIBUTIONS (PDs): PROBABILITY
TO FIND A PARTON IN THE NUCLEON WITH
MOMENTUM FRACTION x

e GPDS: INTERFERENCE OF 2 WAVE FUNCTIONS:
PARTON WITH x + & EMITTED FROM NUCLEON,
PARTON WITH  — £ FALLS BACK
(GPDs SENSITIVE TO MOMENTUM CORRELATIONS)

VARIABLES:

e PARTON LONG. MOMENTUM FRACTIONS & AND &
e v* — 4 MOM. TRANSFER A’ = (p.+ — p,) (OR t)

IN DVCS: 4 (CHIRALLY-EVEN) QUARK GPDs
Hxz, &, A%, H'(z, £, A?) Nucleon-hel. conserving

Ei(z, &, A?), Ei(x, ¢, A?) Nucleon-hel. non-cons.
Y J

‘UNPOLARIZED’ ‘POLARIZED’ GPDs
IN THE LIMIT A®? = 0 (i.e. £ = 0):
H%z,0,0) = g(z), H%z,0,0) = Ag(z)

q(z) AND Agq(z): quark distr. and quark helicity distr.
(no ‘usual’ PD equivalents for E? and E)



»-DEPENDENCE OF ASYMMETRIES

DVCS KINEMATICAL CONFIGURATION:

Y -y-p plane

¢~ azimuthal angle between scattering and reaction plane.

(f).l,i ASYMMETRIES SHOW DIFFERENT CHARACTERISTICS

A) MEASURE LEPTON CHARGE ASYMMETRY:

unpolarized beam, unpolarized target
Acn ~ do(etp) — do(e™p) ~ cos(o,) x ReT

— access to real part of (certain combination of) GPD
amplitudes

B) Measure lepton helicity asymmetry:

long. polarized beam, unpolarized target
— —
ALy ~ dcr(e"'p) - da(e"'p) ~ sin(¢,) X ImZ

— access to imaginary part of (certain combination of)
GPD amplitudes




HERMES: 2004 +

A NEwW RECOIL DETECTOR FOR
HARD EXCLUSIVE REACTIONS

DVCS Y'p —/8 ¥p HHEE
exclusive & o~ -
pseudoscalar Yp — =n°p H E
meson N +
production YP — ® N
exclusive * 0
vector meson Y P P H E
production 'Y* p —

g — #
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Magnet
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Beam Pipe
RF Shielding

Support
Structure
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Target Cell

SCHEMATIC CROSS SECTION



Exp. STATUS ON PARTON DISTR.’S

- well known
N known
1 measured with large uncerainties

1 to be measwed in next years
[ future measurerments

(cf. W.-D. N., hep-ex/0210409)

(GENERALIZED PARTON DISTRIBUTIONS:

HY He, E?, EY  CHIRALLY-EVEN QUARK GPDs
74 aq
HI,H}, E], Ef CHIRALLY-ODD QUARK GPDs

FORWARD PARTON DISTRIBUTIONS:

q(z, Q%) QUARK NUMBER DENSITY DISTRIBUTION ( f})
Aq(x, Q%) QUARK HELICITY DISTRIBUTION (g7)
5q(z, Q%)  QUARK TRANSVERSITY DISTRIBUTION (h{)



HERMES DVCS

RESULTS AND

2006 ASYMMETRY PROJECTIONS

A) Lepton charge asym. (unpol. beam, unpol. target):

Prel. result 2002

0.6
< e'poe'yX (M<1.7GeV)

I e HERMES PRELIMINARY

’ — P1+P2cos ¢
02 |

0

0.2

04 | P1 = -0.05 + 0.03 (stat)

P2 = 0.11 £ 0.04 (stat)
_o-‘ ...................

B) Lepton helicity asym. (pol.
Refined prel. result 2002
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*) Projections: V. Korotkov, W.-D. N., EPJC 23 (2002), 455



ImH MEASUREMENT IN 2006 7 *

—— sind 7 +DVCS .
Lepton helicity asymmetry: A3," = g /(,] v O with

‘unp unp

1 ) o S
Coa® = ———34(1-2zp) (HH* + HAY) - 2y (He* +EH* + HE* + EHH
(2—-zp)

2 2t ) “«_ 2 b =
— (& + (23— 2p)°—5 ) £8* — 2f —EE* }.
(EB -8 "2 “Bam2 }

T x

~ t
(F1+ F)H — MFQS

z eqz ( H"(&.F,.t) - Hq(~§,E_,,t) )

g 12— —
2 [ —mm— At —t < 0.15 GeV?:
=§ o8 .
§ 061 - . Relative contribution of GPD H
o ™[... . . dominates
'% 02 - = Asymmetry Af3¢ mainly
@ O veveeweeeemeesnaniii depending on ImH
m - s o
0.2 -
. i
N Extraction of ImH possible:
il ! < Two different bands for
of ] different GPD param.’s
| <= Solid line: 1o stat. errors
o <= Dashed line: syst. extraction
° uncertainty added
N 3

*) Projections: V. Korotkov, W.-D. N., NPA 711, 175¢, (2002)
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Results with Factorized Ansatz

L-R in Rest Frame U-D in Rest Frame
U-D in HERMES L-R in HERMES

Factorized, b =1, b =, J ;=0.0
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LONG-TERM OBJECTIVES

ONCE THE QUARK TOTAL MOMENTUM CONTRIBUTIONS
Ju, Jqs WILL HAVE BEEN DETERMINED FROM (A
VARIETY OF) GPD MEASUREMENTS WITH ACCEPTABLE
ACCURACY, REMAINING MAJOR UNKNOWNS IN THE
NUCLEON SPIN PUZZLE GET INTO REACH:

L_;': QUARK ORBITAL ANGULAR MOMENTA, THROUGH

ZJf——AZ+Z Ly

f=u,d f=u.d

[X.Ji, PRL 78, 610 (1997)]
J,: GLUON TOTAL ANGULAR MOMENTUM, THROUGH

- ZJf + Jg
f

NOTES: [R.L.Jaffe, AIP Conf. Proc. 588 (2001),54]

1) ONy J, = Ly + Ag PHYSICALLY
MEANINGFUL (SEPARATELY NOT GAUGE INVARIANT)

2) THis Ag 1S NOT THE INTEGRAL OVER
THE EXPERIMENTALLY ACCESSIBLE POLARIZED
GLUON DISTRIBUTION AG(z,Q?)

DR

=  EXPERIMENTAL RESULTS ON AG(z,Q°) (AT

PRESENT) NOT USEFUL TO ACCESS L,
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OUTLOOK (as of 05.06.2004)

Possible road map towards a future
high-luminosity fixed-target muon-nucleon
experiment in Europe

e SHORT-TERM (— 2007):
COMPASS-1 and HERMES Run I,
in conjunction with RHIC-Spin & Jlab,
will give accurate (first) answers on Au, Ad,
A, Ad, AG, (As), du, (6d), and may allow
for an approximate determination of H™

e MEDIUM-TERM (2007+): )
'Window' for a measurement of H*“, H", B
at COMPASS-2 — Possible 'flagship’ physics:

= Determination of the u-quark
TOTAL ANGULAR MOMENTUM

e LONG-TERM (2012+):
Presently no realistic machine option for
a European high-luminosity fixed-target
experiment using polarized beams and targets
at energies 25+100 GeV (Jlab: 2% GN 7))
= High intensity proton facility offers very
exciting option fer wuem pLym of L 240%F %

= realize best combination of ELFE/TESLA-N
physics under the (then) given conditions.



