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EXPERIMENTS

Short-term: HERMES Run Il
(2002+) COMPASS Stage 1
Medium-term:  Upgrade HERMES Spectrometer ?
(2007+) — New Set of Measurements @ HERA-e ?
COMPASS Stage 2 7
long-term: New high-rate, high-resolution spectrometer
(2012+) to realize ELFE/TESLA-N physics ?
— Unify forces towards future ‘eN in Europe’ !
PHYSICS
Quark helicity distributions Ag — AX
Quark transversity distributions  dgq >
Polarized Gluon Distribution AG
Generalized Quark Distributions —  Jy
— Long-term goal — L,

e ——— e ee—
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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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TESLA—M
CiviL. ENGINEERING

TESLA-N
Injector

& TESLA-N Separation
%, Separation Building 250 GeV Electrone
AN 250 GeV P s ol B

e

Q e
250 GeV Electrons

TESLA Main Linac Magnet from south linac

(north arm) Chicane 250 GeV
Elections : Absorbers

TESLA-N Hall
e+/e- Hall

5 GeV Positrons
from damping ring



TESLA-N
A POLARIZED FIXED-TARGET
EXPERIMENT AT TESLA

Basic IDEA: USE ONE ARM OF THE TESLA
COLLIDER FOR A POLARIZED FIXED-TARGET
EXPERIMENT TO OPERATE IN PARALLEL TO
THE COLLIDER EXPERIMENT(S).

(] ELECTRON (SOUTH) ARM CANNOT BE USED,
BECAUSE KICKER MAGNETS WOULD NOT BE FAST
ENOUGH TO DIVERT ONLY PART OF THE BEAM.

= USE POSITRON (NORTH) ARM FOR ACCELERATION

= STATIC MAGNET SYSTEM FOR SEPARATION FROM THE
POSITRONS.

] THE POLARIZED BEAM CONSTITUTES ONLY ABOUT
0.04% OF THE MAIN CURRENT

|}

ADDITIONAL ENERGY CONSUMPTION IS NEGLIGIBLE.

ADDITIONALLY NEEDED FOR THE EXPERIMENT, BESIDES
TARGET AND SPECTROMETER.:

] POLARIZED SOURCE AND INJECTOR
[l EXPERIMENTAL HALL AND SHORT TUNNEL
[l BEAM DUMP




TESL&- N

DETECTOR DESIGN CONSIDERATIONS

[J] BEAM ENERGY 250 GeV

— OVERALL DIMENSIONS SIMILAR TO COMPASS

] GOOD MOMENTUM RESOLUTION

— 3-STAGE SPECTROMETER

STAGE 1 ‘HADRON STAGE’
STAGE 2 ‘ELECTRON STAGE’
STAGE 3 ‘FORWARD SPECTROMETER’

[J HORIZONTAL DIPOLE FIELDS, TO DIRECT
‘SHEET OF FLAME’ TO THE HALL FLOOR

— TWO SYMMETRIC HALVES OF THE
SPECTROMETER: LEFT AND RIGHT

[] SEMI-INCLUSIVE MEASUREMENTS:

— PID AS IN HERMES:
RICH, TRD, ECAL
FOR STAGE 1 AND STAGE 2,
STAGE 3 ONLY WITH ECAL




TESLA- N

SCHEMATIC SPECTROMETER DESIGN
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TECLA- N

POLARIZED ELECTRON BEAM

S FEL pulses /s 5 TESLA pulses /s
L I B I I s
BN R R -’
I
200 ms

2830 bunches for e+e-
one every 337 ns

—{= 440 buckets available

one every 0.77 ns

I
337 ns

440 buckets

one every 0.77 ns

—=  bunches for eN: 6.2 10"6/s

77 |

MACHINE FREQUENCY | 1.3 GHz =
ONE BUCKET EVERY

0.77 ns
eN-BUNCHES / S 6.2 - 10°
MAX. CURRENT 20 nA

# e~ / eN-BUNCH 20000

SOURCE
ENERGY

POLARIZATION

strained GaAs (SLAC TYPE)
250 GeV

ALSO 25-100 GeV POSSIBLE
> 90 %




TESLA-N
POLARIZED TARGET

[] “He EVAPORATOR CRYOSTAT GUARANTEES
TEMPERATURE OF 1 K FOR A HEAT LOAD

OF 1 W

— SUFFICIENT POLARIZATION ONLY IN A
HIGH MAGNETIC FIELD OF 5 T

[J TARGET POLARIZATION MUST SURVIVE HIGH
RADIATION DOSES

— DEUTERON TARGET MATERIAL: °LiD,
(°Li + a+ D)
TARGET DILUTION FACTOR (.44,
TARGET POLARIZATION 0.3

= PROTON TARGET MATERIAL: NHj,

TARGET DILUTION FACTOR 0.176,
TARGET POLARIZATION (.8

[0 AREAL TARGET DENSITY ~ 1 g/cm?




TESLA-N
LuMiNosITY (I)

TESLA-N figures for 5 Hz operation:

LuMINOSITY L | 7.5-10%* nucl/cm?/s
[ L dt/s 7.5 nb~!

[ L dt/e-bunch | 12 mb~!

[ L dt/eff. day | 1.6 fb~'

[ L dt/eff. year | 600 fb~'(upper limit)
C.M. ENERGY 22.3 GeV

TESLA-N ANSATZ FOR EFFICIENCIES:
Elumi = Eup—time * Eexp = 0.33 - 0.70 = 0.25

CONSERVATIVE ASSUMPTIONS:

] ONLY THE TIME RESOLUTION OF COMPASS
CAN BE REACHED (2 ns)

[J ONLY HALF OF THE MAXIMUM CURRENT
IS USED TO KEEP THE MULTIPLE EVENT
FRACTION SMALL

— 100 fb~! PER YEAR FOR PHYSICS




EVENT RATES

250 GeV Electrons on a 1g/cm’ Target

min
—
o

Maoller, E, > 1.5 GeV

v>3 GR

~

10 Quasi-real photoproduction

v > 50 GeV

No. of events / bunch for © > ©

E_>10 GeV
10 2

Nps(E, > 10)
Nnhoto(v >3 )

e.g.for© , =10 mrad: ~2510°

MOLLER EVENTS ARE KINEMATICALLY DISTINGUISHABLE
FROM DIS EVENTS FOR Q% > 1 GeV?2.
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Spectrometer design - ELFE

e Large forward dipole
e Dual RICH detector

e State-of-the-art e.m. calorimeter

e Vacuum chamber to reduce multiple scattering
e Fast scintillating fiber trackers

e Recoil detector

Dirk Ryckbosch, DIS2001, Bologna 10




ELFE

Projected Performance

Exclusive reactions: e +p — e+ K™+ A/%

1200
K+Hyperon05. 10000 entries, avg—1.24279167407 sigma=0.174643083311 ———
1000

800

600

400

200

0 1 1 1 1 =

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

Simulation of detector.
E. =25 GeV

channels

Dirk Ryckbosch, DIS2001, Bologna 11




MoTIvATION (1)

PARTON DISTRIBUTIONS OF THE NUCLEON

AT LEADING TWIST IN PQCD

g(z, Q%) QUARK NUMBER DENSITY DISTRIBUTION ( ff)
Agq(z, Qf) QUARK HELICITY DISTRIBUTION (g7)

dg(z, Q°) QUARK TRANSVERSITY DISTRIBUTION (h})
G(z, Q%) GLUON NUMBER DENSITY DISTRIBUTION

AG(z,Q%) POLARIZED GLUON DISTRIBUTION

6q(z, Q%) AND AG(z, Q%) PRESENTLY NOT KNOWN !




Plans

¢ COMPASS 2001: initial phase

SMC polarised target
commisioning of RICH1
small angle tracking
partial large angle tracking
hadron calorimetry

muon trigger

start of data taking for AG

o« COMPASS 2002

COMPASS polarised target
straw chambers

larger trigger acceptance
large angle tracking in stage 2
Si detectors

hadron and muon beam

data taking for AG

=

: k&(su{z

Zeuthen 7/01




Expected precision

open charm produftion

0.6

0.4

AR(Y)

0.2
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(arr)  pu pe f (D){aLL)
e 1.5y with 100 GeV and °LiD:

exp

§A%, = 0.05

7
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ACS(Y)
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0
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0.1

e gluon polarisation

e possible improvements:
— other decay channels

D 5 K nt#n° 13.8%
D’ 5 Kt ntrnt 8.1%
DT > K n nt 9.1%

— D* tagging
— improved analysing power with pp(DY) cut
— J /4 production

spin structure 7/01



POLARIZED GLUON DISTRIBUTION (I)

USE PAIRS OF HIGH-py HADRONS TO ISOLATE THE
PHOTON GLUON FUSION PROCESS (PGF). THE MAIN
BACKGROUND IS DUE TO QCD-CompTON (QCDC).

7%
b
g g / %;
PGF Qcbc

MEASURE THE CROSS SECTION ASYMMETRY

A

T T _ Nt T
A= Nh+h—L Nh+h—L
N ™ ) ™
Nh,+h—LP -+ Nh+h—LP
A AG A Agq
~ aPGF?fPGF + aQCDCTf Qcoe | D
apgr = —1 aQcpe ~ 0.5 (HARD SCATTERING ASYM.)
'g;?_: 0.6 f—p'}'>1[-5 GeV}c | | A;/G=-1é
tQ. I f ]
< 04 - y
HERMES RESULT o2}
1996/97 DATA 0 }
[PRL 84 (2000) 2584] o2t
(DOES NOT  INCLUDE 0.4 3
SYSTEMATIC ERRORS DUE ' ]
-0.6 - AG/G=+1
TO PYTHIA MC) | --- GSA(<AG/G> ~ 0.4) ]
.08 .-+ GSBKAGG>~0.3) ]

[ —mem GSC (<AG/G> ~ -0.1)

1

05 075 1 125 15 175 2
pY¥ (GeVrc)

-1




Expected precision

hadron pairs

HH
Arp =~ (

1 v with 200 GeV and ®LiD target:

A|N — h+h-

AIN — h+h-

LL

LL

ary,

PGF
par  AG, o

N I

Au O.COM
COM
+ (arp

X o

YN 1 AG
ALL o( G )
H H™ —0.2+0.025 0.05
K-K™  —=0.12 +£0.022 0.08
h* h” (p; > 1.0 GeV/c) K"K (p; > 1.0 GeV/c)
0.2 0.2
b
0.1 a) 01 +’,‘~‘._ )
0 S o é
- T - s y
01 Z 3-01 /
L < -
02 +— 02
'03 “i _03 I nl
107 10" 107 10" 1
n
h* h™ (p; > 1.5 GeV/c)
0.2 0.5
0.4 +
0.1 '—— 03
0 O 02
- ~ 01
01 +— 2 0
o L 01
T 02 -
_0'3 ]lll 1 _0.3 1 1 ll 1 1
1072 10" 1072 10" 1
n n




C Dl@ECF )
FUTUREVMEASUREMENTS OF THE

(GLUON POLARIZATION |

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

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

<19.g |- 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

| bobo4d
0_4:_ +<>c* H$O 40 © O o¢¢c+ +

—— GS-A (LO)
-0.2 [ -~ GS-B(LO) |
.esc@o)
-04
i 1L 1 1 i L 1 L L l L il
-2 -1
10 10 X

gluon

PHENOMENOLOGICAL PREDICTIONS FOR Q2 = 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.




TESLA-N
POLARIZED GLUON DisTRIB. (III)

QCD 1MPROVED QUARK PARTON MODEL:

n
f =1

i
o kfl 2 NS
g = 5(—2 ez-) {JC'N5®Aq
+ 0C's ®AZ+5CG®AG}

— PARAMETRIC FORM OF AG(x)
IS INDIRECTLY DETERMINED FROM
QCD NLO rITS TO 91(2, Q?)

— THE FIT YIELDS AG(Q3):
GLUON CONTRIBUTION TO NUCLEON SPIN:

AG(Q3)
EXISTING DATA 0.43 + 0.21
pLUS 100 fb~! TESLA-N(p) + 0.06
PLUS 100 fb~! TESLA-N(d) + 0.04

1

OQ

S«Qwé- efre




TESLA-N :

POLARIZED GLUON DISTRIB. (IV)

INCLUSIVE MEASUREMENT:
MAP OUT g} (z, Q%) WITH HIGH PRECISION

: L] L] L] I"ll' L] L) 1 'ITIII
06 [ x = 0.0045 - 0.4
C f ® TESLA-N o
05 -+t ® SMC oy 0.3
C DlEMC x =0.08
: L . - . At . L] Ll L] !l'll L J L L !Illll L] 0-4
— 0.5 :—' e x = 0.008 _*,-.-0"
“‘0 F i 4 HERMES PO 0.3
x 04F i A 4; x = 0.125
nv— 0.5 . : A S lll = L g L Il‘l’"l v L] L) I"l'l 8:3
(o)) et #
0.4 T Do geee- 0.3
- x = 0.015 Y ol i ik x =0.175
. N 0.2
!F!II mJ ] L] 'l!!!l
C Y + 0.3
--8-" - -0-0[0 9 0-009-
- _ Ny¥*? ) 0.2
=00 x =0.25
ol |
‘ YIII LE L "l‘ll Ll
T x =0.35
PR -A‘..,-....._+._.¢._._‘.‘ 0.2
x = 0.035 0.1
L L L L Ll Il
L] L] L] YT""I L] L Ll ""‘I L)
+-"""' x=050 3 02
- adl ..A
“*&4-0 I - 0.08 r’*.,.....{;_._'_._” 0.1
A 1 L 'l Ll ll i L ' ' llllll L A L llllll 'l o
2
1 10 10 10

Q?, GeV?

PROJECTED STATISTICAL ACCURACY FOR A MEASUREMENT
OF g”(z, Q) AT TESLA-N, BASED ON A LUMINOSITY
OF 100 fb~! AND A MINIMUM DETECTOR ACCEPTANCE
OF 5 mrad.




TRANSVERSITY AT HERMES

MEASURE 4q(z) IN SIDIS AT HERMES via

(1) Twist-3 pion production in SIDIS (Jaffe, Ji, 93)

(2) Measurement of the transverse polarization of A’s in
the current fragmentation region (Baldracchini,82 Jaffe,96)

(3) Observation of the Collins effect in quark fragmentation
(through the measurement of pion single target-spin
asymmetries) (Collins,93, Kotzinian, 95, Mulders et al,96)

(4) Measurement of a correlation in 2-meson production
(between transverse spin vector of target nucleon and
normal to the two-meson plane) (Jaffe et al.,97)

(5) Measurement of spin-1 hadron production in SIDIS
(Bacchetta, Mulders, 00)

Note: Methods (2)-(5) require a transversely polarized target only

— R i s A i B

PROJECTIONS FOR ep'(d') — e'r X
E =27.5 GeV, Pr =0.75
Statistics expected for 2001+: 7-10° reconstr. DIS events

DIS cuts: Q% > 1 GeV%, W > 2 GeV,
002 < z < 0.7, y < 0.85

From HERMES MC: pion distributions, acceptance

Cuts for pion kinematics:
zrp > 0., 2> 0.1, Py, > 0.05 GeV




TRANSVERSITY THROUGH THE
CoLLINS EFFECT: METHOD

WEIGHTED ASYMMETRY

[MULDERS, TANGERMANN 96, KOTZINIAN, MULDERS 97|

[ de¢t [d®Phy —thm(qsf + ¢4) (do' — do)
AT(wa Y, Z) =

[d¢t [ d2Py, (dot + dot)

¢{9 IS AZIMUTHAL ANGLE OF TARGET SPIN VECTOR W.R.T. ‘Y* AXIS

|-V plane

FACTORIZATION w.r.t. £ AND 2:
2 5q(x) Hy V(z)

Ar(2,y,2) = f - Pr- Dpn -
r(@v2)=f- Py zq 2 q(z) DI(2)

Dpn=01-y)/1-y+ y2/ 2): TRANSVERSE SPIN TRANSFER COEFFICIENT

NOTE: H; ™% AccEssIBLE FROM ete™ DATA (LEP,BELLE)




Expected precision ‘

e Measured asymmetry

for 30 days real data taking using charged =

e Selection

v>15GeV, E' > 5GeV, z > 0.1

0.04 ¢ . 0.04 -
ZN 0.035 ;— ‘ 0.035 z_
0.03 £ 0.03 E—
0.025 £ ++ 0.025 F
0.02 £ ++ 0.02 & $+
0.015 E'— - 0.015 1:_ +—+—c
0.01 = - 0.01 & -+
r o= F e
0.005 F 0.005 - -
0 :»—m I lAIllII | L 111l 0 :u‘u}-—o—rﬁ Lol
1072 107" 1 1072 10" 1
E 0.04 ¢ g 0.04
N 0.035 E N 0.035
0.03 £ + 0.03
0.025 ++ 0.025 +4
E + -+ |
0.02 " 0.02 F . +
0.015 £ 0.015 = ks
- — —
0.01 & " 0.01 N
E +
0.005 - ™ 0.005 g
0 :1=1=LLJ Lol Il L1111l 0 I_A_L.L.[_‘_l 1 Jilill[ il L4111
1072 107" 1 1072 10 1
< - - <
Lm'f:(wu‘t \me fecC . Luécrac e

(Harget wabenal)

e Improvement with 7° identification

((qﬁu(g Zeuthen 7/01
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HERMES 2002 +

TRANSVERSITY THROUGH THE
CoLLINS EFFECT: PROSPECTS !

OPTION 1: PROTON TARGET
PROJECTIONS FOR 6u( ) AND H“l)”(z)/D’i‘(z)

— 3 C T | _‘ Az 5 N LI | B B B
- [ N X + b) 1
S | a) 13 ) ]
o 24 - - Q 2~ + + -
B * ep —» en X gl ﬁ A ep —en X

C 1 ~ C ¢ 3

1.8 |- ; 12 15¢ -

. ] r:':" ¢

1.2 o =1 1F PO
0.6 ¢ osE NN E

0 : o " 11 lll..‘hl 1 1 l L1 1 l 11 l 1 1 I:

0 02 04 06 0.8 1

X Z

OPTION 2: DEUTERON TARGET

PROJECTIONS FOR(m( )+5d( )AND HJ'(1 (2 )'/D’f(z:)

—~ 3T T ] b);
g 18T :
S aA1F b | -
w0 2.4 E Q 2 | 1
+ O F edenr’X 1= [ | X
X 1.8 = °F + -
Braf 1= _ F :
= ] _IF : -

2=} - : : + -
1.2f 15 -

5 + I |

0.6 F + ) 1 :

: MR j : :

0 5 Ill-1 1 1 I- oo-l L 1-1

10 X ‘

= HERMES CHOSE OPTION 1 FOR 2001+

NOTE: dd EXTRACTION POSSIBLE BY adding OPTION 2
(— COMBINED ANALYSIS)

1[V.Korotkov, W.-D.N.,K.Oganessyan, EPJC 18, 639 (2001)]




TESLA- N

QUARK TRANSVERSITY FROM
SEMI-INCLUSIVE P1ONS (II)

DEFINE PURITIES:

& qx) Di2)
Y. €2 q(z) Di(z)

ASSUME FLAVOR-INDEPENDENT POLARIZED
1
FRAGMENTATION FUNCTION HIL( )(z):

Pz, Q% z)

1 o du(z, Q?) H{L(l)(z) +

. A% — P . P*
PT ) Dnn ! ’U;(HJ3 Q2) Dl(Z) u(p)

6d(z, Q%) HyV(2) Lo+

U

d(z,Q?) Di(z) @

RESOLVE NORMALIZATION AMBIGUITY::
dg=Aq at = ~ 0.25, low Q?

4 - N, o2) * N: MEASUREMENTS (A;f;(”_))
4 . N(m,Qz) + N, UNKNOWN PARAMETER
(6w, 8d, 8@, 8d(z, Q%), Hj M(2)/D1(2))

— OVERCONSTRAINED SYSTEM OF COUPLED EQUATIONS.

I[F KAON ASYMMETRIES ARE MEASURED IN ADDITION,
THE DISTRIBUTIONS ds(z, Q%) AND §5(z, Q%) CAN BE
INCLUDED AS WELL.

Y




QUARK TRANSVERSITY FROM
SEMI-INCLUSIVE PI10ONS (IV)

TESLA-N

-
—

0.03 [
3 x = 0.06 - 0.10
0.025 '_"'+'—— x = 0.003 - 0.006 ’_*‘_’_‘__l_
C |
0'02 :- il ‘
0.045 - . T T lllvvll L4 d |
- i x=0.10-0.15
0.04 F ; x = 0.006 - 0.010 . +
—+—"‘" v
0.035 e i
< 007 F 0-0.020 b l
S TF +x"°m s
X 0.06 '-___,___-4———*—-' ;
y : _ x = 0.15 - 0.20
: 0'05 - L s L L lllll
O: 0.1 :— x=o.°2°-o.030 L \
0.08 "‘"‘——4——?—_ x =0.20 - 0.30
" i 1 L L llill
0.12 :- x=0.030-0.040 | \
0.1 -"'/‘f'—’.’ X = 0.30 - 0.40
i N | I
015 - X 0.040 - 0.060 \'\
0.125 |- o BN
II L A -
1 10 , 0, 1o2
Q ,GeV /c

PROJECTION FOR THE VALENCE u-QUARK TRANSVERSITY
DISTRIBUTION BASED ON 100 fb~!

DETECTOR ACCEPTANCE OF 5 mrad.

TENSOR CHARGE /

(‘ALL-VALENCE OBJECT’)

PROJECTED ACCURACIES AT Q% =

lv
N

0.2

0.175
31 0.275

0.25

0.225

0.3

0.25
0.35

0.3

0.3
0.25
0.2
0.2

0.15

AND A MINIMUM

TRANSVERSE SPIN OF THE NUCLEON:

Z/ dz(sq(z, Q%) — 6g(z, Q°)

= clical swmﬁ"ry

1 GeV?:

“ Su = 0.88 + 0.01, §d = —0.32 £ 0.02




SKEWED PARTON DISTRIBUTIONS
AND DVCS

SKEWED (OR GENERALIZED, OR OFF-FORWARD)
PARTON
DISTRIBUTIONS:

UNIFIED THEORETICAL DESCRIPTION OF
INCLUSIVE AND (HARD) EXCLUSIVE PROCESSES

SIMPLEST HARD EXCLUSIVE PROCESS: ep — ep-y
(v*p — vp)

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

e Highly virtual quark in v* scattering
— propagates perturbatively

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

DVCS BETHE-HEITLER = p.t.o0.

=> INTERFERENCE GIVES ACCESS TO DVCS AMPLITUDES




DVCS AND BETHE-HEITLER

BETHE-HEITLER (BH):
(Elastic lepton-proton scattering with - radiation by lepton in initial or final state)

INTERFERING PROCESS LEADING TO SAME FINAL STATE
Can be exactly calculated when Dirac and Pauli form factors known

CROSS SECTIONS AT E=27.5 GEV (HERMES): 1°£9 ,=<S

‘In-plane’ cross section: scattering plane = reaction plane (see below)

-10 0 10 20 -10 0 10 20

LN B B

Q% =5 GeV? 108f @%=5GeV?

d o /dp, dQ, dQ, (pb/GeV sr?)

x=0.1 x=0.3
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DVCS DOMINATED BY BH IN MOST OF KIN. REGION !

DVCS-BH INTERFERENCE:
— USE BH AS A VEHICLE TO STUDY DVCS !




SPDs anp DVCS (1)

e SKEWED 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

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

VARIABLES:

e PARTON LONG. MOMENTUM FRACTIONS x AND £
¢ v — v MOM. TRANSFER A’ = (p.» — p,) (OR t)

IN DVCS: 4 DIFFERENT QUARK SPDS (rer FLAVOR)

Hi(z, &, A?), H(z, €, A?) CONSERVE NUCLEON HELICITY

E(x, ¢, A?), E%z, £, A?) FLIP NUCLEON HELICITY

() () -
UNPOLARIZED POLARIZED SPDs
IN THE LIMIT A¥* =0 (i.e. £ = 0):

H(z,0,0) = g(z), H%z,0,0) = Ag(z)

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




SPDs AND DVCS (III)

1sST MOMENTS connected via sum rules to form factors.
2ND MOMENT of UNPOLARIZED SPDs in limit A2 = 0:

= TOTAL QUARK ANGULAR MOMENTUM [X.JI]:

1 +1

{[ Jy =5 | dez [H'e,6 A% =0)+ E(z, £, A’
: — -1

REAL AND IMAGINARY PARTS OF DVCS AMPLITUDES

Hi, H1, &1, E1 CAN BE EXPRESSED THROUGH SPDs

—~ o~

H ] H s FE . E. (P DENOTES CAUCHY’S PRINCIPAL VALUE):

ImHy; = -7 ea(H( ¢ A% - H(—¢,¢ 0%)
q
i _ 205 2 o 2
Im#y = —7w) eg(H( &A%+ H(-¢€ A%))
q
ReH; = Zez[P/+1H(m,§,A2)( )d:c]
7 U Ja z—§ z+§
~ B 2 +1 _ 2 1 1
Re#; = Zq:eq[P/_I H(z, €, A )(z_g—m_*_&)dz]

ANALOGOUS EXPRESSIONS FOR AMPLITUDES &;, &;.

—> EXTRACTION OF SPDS WILL BE A COMPLEX TASK

0)]%;

o




¢-DEPENDENCE OF ASYMMETRIES

DVCS KINEMATICAL CONFIGURATION:

Y -y-p plane

®~: azimuthal angle between scattering and reaction plane.

cb—y: ASYMMETRIES SHOW DIFFERENT CHARACTERISTICS

A) MEASURE LEPTON CHARGE ASYMMETRY:
unpolarized beam, unpolarized target (Acr)

AchdaunPOI = da(e+p) —do(e p)

2
g ~ A
~ cos(¢p~) X Re { F: F Fo)H1 — —=F5€
cos(p~) e{ 17{1—1—2 (F1+ Fo)H, TYOAL 1}

/

=> ACCESS TO REAL PART OF H1, H;

B) MEASURE LEPTON HELICITY ASYMMETRY:
long. polarized beam, unpolarized target (Apy)

- —
Adoe = da(e+p) — da(e+p)

2
~ ha) X 1 H Fi1 4+ Fo)H1 — —=Fo&
sin( ¢~ ) m{Pl 1+2 - ( 1 2) 1 M2 2 1}

=> ACCESS TO IMAGINARY PART OF Hi, H1




HERMES: 2004 +

A NEwW REcCOIL DETECTOR FOR
HARD EXCLUSIVE REACTIONS

DVCS YP — YP HHEE
exclusive % - s
pseudoscalar Yp — =p H E
meson * +
production YP ——— =&
exclusive * . 0
vector meson TP P H E
production Y* p —

Yp — ¢

Scintillator

Magnet

SciFi 2

SciFi 1

Beam Pipe
RF Shielding

Support
Structure

Gas Tube

Silicon 2

Silicon 1

Target Cell

Ui
‘‘‘‘‘‘

......

SCHEMATIC CROSS SECTION




2004 +

HERMES MEASUREMENTS WITH A
REcCoOIL DETECTOR,PROJECTIONS (1)

> SPDS MODELED ACCORDING TO
[M.VANDERHAEGHEN, P.GUICHON, M.GUIDAL, PRD 60 (99) 094017]
MOST SIMPLE ANSATZ IS TO NEGLECT £ DEPENDENCE.
THEN E.G.

H"?(z,€,A%) = wu(z)F/?(A%)/2
HY"(z,&,A% = d(a) F{/"(A%)
H®(z,£,A%) = 0

SIMILAR EXPRESSIONS FOR H?/? — HY/P,
> u(xz) AND d(z):
USUAL UNPOLARIZED QUARK DISTRIBUTIONS

[> PROTON AND NEUTRON EL.MAGN. FORM FACTORS
USED TO CONSTRUCT FLAVOR-DEPENDENT DIRAC

AND PAULI FORM FACTORS

[> ANNUAL INTEGRATED LUMINOSITY: 2 fb'1
(UNPOLARIZED TARGET) —

> HERMES ACCEPTANCE TAKEN IN ACCOUNT
FOR ALL INVOLVED PARTICLES

> KINEMATICAL CUTS
E.>35GeV E,>1GeV P,>0.2GeV

W?>4GeV? Q*>1GeV? 15< O« < 70 mrad




200% +

HERMES MEASUREMENTS WITH A
RECOIL DETECTOR,PROJECTIONS?(11)

A) MEASURE LEPTON CHARGE ASYMMETRY IN DVCS:

unpolarized beam, unpolarized target

~ 01—
35 008f X <020
< 0.06f +’+
o.o4§v + .............. +
0.02f. . P Y
ok
-0.02- 3
00af ¢ §
0.06f ¢ e
-0.08f 3
e e T

-0.15

0.2+

01F%

i il i 1
-2 -1 0 1 2

3

Oy s rad

B) MEASURE LEPTON HELICITY ASYMMETRY IN DVCS:

polarized beam, unpolarized target
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OPEN CIRCLES IN LEFT PANEL: HERMES PRELIMINARY

(1996 /97 DATA)

3[V.Korotkov, W.-D.N., hep—ph/OlOSw] 2 ER) C. o3(oL
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LONG-TERM OBJECTIVES

ONCE J, WILL HAVE BEEN DETERMINED FROM (A
VARIETY OF) GPD MEASUREMENTS WITH ACCEPTABLE
ACCURACY, TWO REMAINING MAJOR UNKNOWNS IN THE
NUCLEON SPIN PUZZLE GET INTO REACH:

Lq: QUARK ORBITAL ANGULAR MOMENTUM, THROUGH

1
Jq — 5AE+LQ

SINCE QUARK CONTRIBUTION TO THE NUCLEON SPIN,
A, WELL MEASURED ALREADY NOW.

Jgi GLUON TOTAL ANGULAR MOMENTUM, THROUGH

1
§=Jq+Jg

NOTE: ALTHOUGH GLUON CONTRIBUTION TO THE
NUCLEON SPIN, AG, EXPECTED TO BE WELL MEASURED
IN A FEW YEARS [COMPASS, RHIC| THIS MAY NOT ALLOW
TO SEPARATE L4, SINCE FOR THE INTEGRALS:

J, # AG + L,

[R.L. JAFFE, THE THEORY OF THE NUCLEON SPIN, HEP-PH/0008038,
PHIL.TRANS.ROY.Soc.LoND. A359 (2001) 391]

— MORE THEOR. WORK POSSIBLY VERY HELPFUL
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OUTLOOK (as of 20.02.2002)

FIRST CONTOURS OF A ROAD MAP TOWARDS A
FUTURE HIGH-LUMINOSITY FIXED-TARGET
ELECTRON (POSITRON)-NUCLEON EXPERIMENT
IN EUROPE BECOME CLEARLY VISIBLE:

e SHORT-TERM (2002-2006):

COMPASS anpD HERMES Run 11,
IN CONJUNCTION WITH RHIC-SPIN & JLAB,

WILL GIVE ACCURATE (FIRST) ANSWERS ON
Au, Ad, Au, Ad, AG, (As), du, (6d), (HY)

MEDIUM-TERM (2007+):

"WINDOW’ FOR A MEASUREMENT OF H"“, H" E“
AT HERA-e AFTER UPGRADE OF HERMES TARGET
& SPECTROMETER — 'FLAGSHIP’ PHYSICS:

= DETERMINATION OF THE U-QUARK

TOTAL ANGULAR MOMENTUM

LONG-TERM (2012+):

THERE EXISTS A CHANCE FOR one EXPERIMENT, TO
BE REALIZED MOST ECONOMICALLY IN CONJUNCTION
WITH A TESLA-LIKE MACHINE ALLOWING FOR A
DUTY CYCLE above 1% AND A VARIABLE ENERGY
RANGE above 30 GEV

=> THE BEST COMBINATION OF ELFE/TESLA-N
PHYSICS UNDER THE (THEN) GIVEN CONDITIONS
SHOULD BE ENVISAGED




