HERMES Results on Hard-Exclusive
Processes and Prospects Utilising the
New Recoil Detector

Inti Lehmann
University of Glasgow

= Glimpse on physics MENU 07, Jilich
= Results from HERMES 10 September 2007
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Nucleog Structure

s Proton spin

1 1

m AX: quark spin
o about 1/3 (HERMES,...)
o See P.Kravchenko’s talk

= L,:quark ang. momentum
o unknown

J, : gluon tot. ang. mom.

= How is the spin distributed? unknown
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Nucleon Structure

| | 5
| 1 .
1 | s AZ: quark spin
Jq =09 x da a about 1/3 (HERMES,...)
—1 o See P. Kravchenko’s talk

= L,:quark ang. momentum
GPDs o unknown

= Knowing of GPDs H,, E;: J, : gluon tot. ang. mom.
o determine L ! a unknown
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What are GPDs?

p(b,)

0 bJ.

Form Factor

f(x)

Parton
Distribution
Function
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0 bJ_

Parton Generalised
Form Factor Distribution Parton
Function Distribution
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Generalised Parton Distributions GPDs

= Functions of 3 variables
o parton momentum fraction x
o skewedness g
o p momentum transfer t

s 4 (chirality conserving)
quark GPDs

spin even spin odd
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How to Measure GPDs — DVCS

Bethe-Heitler Scattering BH

5] e e’

Deeply Virtual
Compton x+&
Scattering
DVCS

1

-

A

- =» Indistinguishable and cross section dominated by BH
o extraction using interference term

do(eN — eN+y) o 1 ’

BH: precisely known from QED DVCS: access to the GPDs
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Measure Asymmetries

B eam Spin Asymmetry
_ do(e™,¢) —do(e™, ¢) o :
AL = Gl 9) + doem,g) TR
iy gpar? (Cza:f;)ge C,?s(yr_nr:;)etry
B oeT,p) —do(e™, X
Ao = do(eT.0) 7 dole.9) x Fe(H) cos (qb)‘u<-I

= | LOngitudinal-Target Spin Asymmetry
i Ayy = 09— A70 0 () sin (6)

do(p~,¢) +do(pT, )
- = Transverse-Target Spin Asymmetry
_ do(p! ,¢) — do(p",0)

T do(pT L 0) +do(pt,9) o
o Imaginary and real parts of H, £, H, £ are directly related to

CPDS H(w.& 1), B, 1), Hz, 1), B, 6,1

x f(H,E,H,E,¢,¢s)
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HERMES at HERA, DESY
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HERMES at HERA, DESY
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DVCS Asymmetries: Beam Spin

ol _ da(e_’,qb) B da(e‘_, Qb) Y .
| _/ALU = do(e=.0) T do(e—. ) x JIm(H) sin (@)
i

st measurements of 508 | = "
4 ! < 3 e'p—oe’yX (M<17GeV)
; D}CS asymmetries: e HERMES PREL. 2000 (refined)
- ; Beam-spin asymmetry by 04 | — P14+ P2sin ¢ + P3 sin 20
. HERMES and CLAS, both :
published in PRL87(2001). e e
= Refined analysis: 0t
o consistent result 02 [
@ = Constrains the GPD H 04 |
} P1 = -0.04 + 0.02 (stat)
-06 | P2 = -0.18 + 0.03 (stat)
j P3 = 0.00 £ 0.03 (stat)
08 |
F <t>=0.18 GeV?, <xg> = 0.12, <Q*> = 2.5 GeV?
_1 Pl (A O O TS R S S S v IR [ T TS o T
-3 = -1 0 1 2 3
A5’ |w, <17 gev = -0-18 £ 0.03 (stat) + 0.03 (sys) 0 (rad)
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DVCS Asymmetries: Beam Charge

/ Ac = do(et,¢) + do(e

0.2

0.1

-0.1

-0.2

cos ¢
AC"

B do(et,¢) — do(e™, @)

) RLANE L I N A | T T T

HERMES e"p —e"’yX (M<1.7GeV) |

0

:— — P, + P, cos 0+ P, cos 20 + P, cos 3¢ —

T O S T T
ol (rad)

= 0.063 £ 0.029(stat.) + 0.026(sys.)

m Constrains the GPD H
m t-dependence constrains models

x Re(H) cos (@)
? R AR SRR S R LS L AR P A SRR RS
g 006k e'p—oe’yX (M<1.7GeV) 4
'Q r (in HERMES acceptance)

0.5 .
04F :

03k - Regge, D-term
Regge, no D-term |
0.2 ]
0.1 : «~  fac., D-term _

o fac., no D-term
M e i -
“.2 :I POl I b aa | 1 ]

L " T 2 Bt e ol T ) O e ] 0, ST I
3 04 05 06 07 0f

-t (GeV?)
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DVCS Asymmetries: Transverse Target

sin(¢ — ¢s) - cos ¢

~

— F1£E] - cos(¢p — ¢g) - sin g
Results from HERMES Data from 2002-04

L | Yy ' , ] ] [ &

= " HERME - ; S :

N 02 BREMMINARY 1 ep'oeryx  F i

8 E (in HERMES acceptance) EE (M, < 1.7 GeV) EZ

&t _+ """"""" L T ol { """" e e gedaaary =

< - - ‘+ B e P, P, I B 0 S * ,,,,,,,,,,, J,=0.4 ]

€ 0.2E LR T (R I + A ¥ ++ ju:o.z ]

T m<= 0.4+ .+'-'.--:TZ.I?.‘.'.'.' o R =+ =Y =2
’ 0.6 in e (hep-ph/0506264) -
(1 =— ] | e t——m———-

0 025 05 0 010203 0 255 7510
-t (GeV?) Xg Q? (GeV?)

m Here E is not suppressed

= Sensitive to variation in quark angular momentum J,
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DVCS Asymmetries: Constrain J,

-
1L HERMES 2002-04 Preliminary e*p’ > ety X (M,<1.7 GeV)
Ig A % %°2° _ 0,149 + 0.058(stat) + 0.033(syst)
- <t> = 0.12 GeV?, <x> = 0.095, <Q%> = 2.5 GeV?
0.8 GPD Model: LO/Regge/D-term=0
B [Goeke et al., Prog.Part.Nucl.Phys.47(2001),401]
- Code: VGG [vanderhaeghen et al., priv. comm.]
0.6 29 C0
: 0'42:,5 02
0.4/ R )
i il tot) 1
L . 0 0 ( VGG
: S 6[7’00.’)
0'2 [ val ; 2 2
- [l Lattice QCDSF J ;" (1°= 4GeV °)
i stat. uncertainty only [PRL92(2004),042002]
0 1 | 1 | 1 | 1 | 1 | | I | 1 1 | | | | I | 1 1 | 1 | | | | | 1 I 1 1 | | 1 | 1
-1 -08 -06 -04 -0.2 -0 0.2 0.4 0.6 0.8 1
Jd
o Large 2005 data sample not yet included
Inti Lehmann HERMES DVCS Results and Recoil Prospects 14



uz et al

:0709.0450 [nucl-ex] 0.4

ttice point:
Ju, Jd = 0.214(16), 0.001(16) o4
Ph. Haegler et al.

arXiv:0705.4295 [hep-lat] -0.6

-0.8

-1

-1

N:

JLab Hall A
n-DVCS

GP :
ce QCDSF (quenched) [41]

— OLattice QCDSF (unquenched) [42]
. [JLHPC Lattice (connected terms) [43]

| GPDs from: !
Goeke et al., Prog. Part. Nucl. Phys. 47 :(2001), 401.

[ Code VGG (Vanderhaeghen, Guichon and Guidal)
- HERMES Preli
. p-DVCS
| | | | | ‘ | | | | | | | ‘ |
-08 -06 -04 -02 -0 02 04 0.6 038 1
Jy
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HERMES with Recoil Detector
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HERMES Recoil Detector

photon detector

fibre trackers

silicon-strip
detectors

target cell
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Advantages of the Recoil Detector

" ‘30.12 - Without Recoil Detector %0.06 :_ With Recoil Detector
= " - E and all Cuts
0.1 | 0.05 |
0.08 |- 0.04 |-
0.06 |- 003 |
- - I mc total
0.04 | 0.02 Bl sH/DVCS
5 - [CJBH/DVCS with A
0.02 |- 0.01 [ exclusive n°
L g [ semi-inclusive / VMs
. | o I | J L L L |
0 0 o
» 40 20 40
’ M,2 [GeV’] M 2 [GeV?]

= Remove background from associated BH/DVCS with
intermediate A-production and from semi-inclusive processes

o Reduction from 17% to about 1%

m Improve t-resolution at small t (with Si-detector)
= High luminosity with unpolarised target

Inti Lehmann HERMES DVCS Results and Recoil Prospects 18



First Results From the Recoil Detector

- Momentum resolution: Elastic scattering:
| Ip = 1-10% for protons e and p back-to-back

Monte Carlo —_
- MC A Protons SSD+SFT = [ IIiEnEEEE SR
= A, ® Pions §5 - ﬁ#ﬂ ‘ Data
B < B .ﬁi: ..... BETECLEE
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o [ A A N R A B
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First Results From the Recoil Detector

.Demsit in Silicon Detectors

== Track Reconstruction Through Curvature
o HERM ES Data B 450._ T T T T T T T T T T T T T T T T T T T
> 60001 = : Fiber Tracker
v : S Data . 400 =
= bk o ; = Data HERMES Data -
S 5000~ deo iy B 3
_aE I [00 & wi [= =
e - S 1 ol 300F =
4000~ 4 L= E 3
= - - 8 2501~ =
- B= - i (@] = ]
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B - i § B b =
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'.-. 0 t 1 el 4 pdies gepilipn sy g Pipgg gl g g | la g } E 1 I L - L s L . - - ! l ! ;
0 1000 2000 3000 4000 5000 6000 7000 1 -0.5 0 0.5 1
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s Detectors operational:
o Momentum reconstruction
o Particle identification: pions, protons, photons, ...
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Summary and Outlook

-?D has the potential to picture the nucleon
RMES has contributed a lot

q/"Many results were not shown
| I)Kfch more data is on tape
a ‘Currently under analysis
= Data with Recoil Detector
Exclusive beam-spin and beam-charge asymmetries
Hard exclusive meson production
“Background free” data set
Improved t-resolution
o Lots of statistics for beam-spin asymmetry

m [here are a lot of results to come

0 0 O B
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