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The Spin Structure of the Nucleon ———
/ 1
S =§—J +J, §A2+AG+L +L,

z

m AX Spin of quarks ’
@ A2= 0.330+0.01(theo.)+0.025(exp.)+0.028(evol.)"

Airapetian et al. [HERMES Collaboration]
Phys. Rev. D 75, 012007 (2007)

#@ A2'= 0.33+0.03(stat)+0.05(syst).
E.M.Kabuss [COMPASS Collaboration]
PoS Confinement 8(2008)080

@ AG Spin of gluon (expected to be small)
@ L, ,Orbital angular momentum (unk
aJ,, Total orbital angular momentu

How to access Lq ?



Generalized Parton Distributions

Study of hard exclusive processes
leads to a new class of PDF’s
Generalized Parton Distribution

At leading twist and for a proton target
there are 4 quark GPDs:

——— X+& X=¢
H q Eq H q Eq
R GPDs(x,&,t)
H,H,E,E
possible access to p p’
orbital angular momentum Nt

GPDs can be accessed in Deeply Virtual Compton Scattering (DVS?S)



Generalized Parton Distributions
“Nucleon Structure: GPDs HY E% HY E°
GPDs — PDFs (GPDsin the limit t — o)

H,(x,0,0) = q(x)
H, (x,0,0) = Aq(x)

PDFs characterize longitudinal momentum distributions
Longitudinal momentum fraction - DIS

X+ & X—¢
GPDs — FFs (First moments of GPDs) GPDS(X & t)
o1 1 EE
dxH, (%, £,0) = FA (1) HEE
J— P p'
o]
._1deq (X’é:,t) — qu (t) W

FFs characterize charge and magnetization distributions in the impact parameter space.
Transverse position = Elastic Scattering



Ji Relation et

— Ji, Phys. Rev. Lett. 78, 610 - 613 (1997)

3o =lim o [ xdx{H, (x. &)+ E,(x,&.1))
3y =lim_o [ dxiH, (x,&,0)+ Ey(x,&.1)}

X+& X—¢&

Xt& parton longitudinal momentum fractions
GPDs(x, &,t)

l invariant momentum transfer to the nucleon H,H.E,E
p p’

Hg Eq conserve nucleon helicity W
E,.E,

flip nucleon helicity

& fraction of the momentum transfer



S{VQ&&ﬁdtheW

xperimentally undistinguishable processes: Same initial and final state

—

) ) )
do o |Tyves + Teul” = [Toves!” + Terl” + (TvesTer + TRETDVCS)
Interference Term

Bethe-Heitler



GPDs and the DVCS process =

2 e L _— 2
do ox ‘TBH‘ + (TovesTu T TBEDVCS) T | ‘D\--‘”(IE%‘
N — —
I

2
"T BH‘ calculable in QED with the knowledge of the Form Factors

0 -~ —~
‘ THVCS ‘ - is parameterized in terms of Compton Form Factors Hq, Hq, 8(1,. (gq
(convolutions of GPDs Hq; Hq; qu Eq)

At HERMES kinematics: |Tpycs|? < |Tgxl?

GPDs accessible through cross-section
differences and azimuthal asymmetries

via interference term I
(GPDs enter in linear combinations)




Exclusive p° production .

/
a the only process where the gluon contribution enters in LO

# exclusive p°sensitive to H,, and E_; at the same order in o
M. Diehl, A.V. Vinnikov, Phys.Lett.B609,286-290,(2005)
e’ VM
€ z
@ The quark helicity is conserved in hard VL
scattering process
@ The meson acts as a helicity selector:

m The longitudinally polarized vector meson
channels are sensitive only to the X+¢& X—=¢&
unpolarized GPDs (H and E )

a The pseudo-scalar channels are sensitive GPDs(x, £, t)
only to the polarized GPDs (H and E) 3

@ DVCS depends on both, the unpolarized and
polarized GPDs. p D’

@ Hard meson electroproduction reactions are W
complementary to the DVCS process, as they
provide an additional tool to disentangle the

different GPDs.

K. Goeke, M V. Polyakov, M. Vanderhaeghen,
Prog.Part.Nucl.Phys. 47,401-515(2001) 9
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Hermes Spectrometer

“HERA Beam: 27.6GeV, et | <P> ~ 35-55%
Polarized gas targets: H, D, He.

Unpolarized gas targets: H, D, N, He, Ne, Xe, Kr.
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@ Exactly one DIS lepton and one photon detected in the Calorimeter.
@ Recoil Proton undetected
Exclusivity via Missing Mass M’ = (q +p+ q')2
~(15) <M?<(1.7)'GeV? exclusive region

Overall background contribution ~15% in exclusive region n



DVCS at Hermes without Recoil Detector
/Rec01l protons identified by missing mass M 2 (Pe + Pp (Pe, + P7/ ))2

Zg 0.3 o ¢ data
S r o € data 0
5 | e s 15% overall background
S [ —
O — elastic BH
0.2 associated BH . .
- v semidnclusive 12% from associated BH production
i Impossible to separate associated from elastic
0.1 ¢ o production without the Recoil Detector.
L Semi-inclusive m° background corrected for
i the results
Qe

ep —>e'py Elastic BH
MC study used to estimate the
uncertainties from the effect of
the acceptance, bin-width,
smearing and misalignments 2

ep o e'A’ Associated BH
Y

ep >e'r °X Semi-Inclusive BH



Exclusive p° production at Hermes without

Recoil Detector.

ep —>e'pp’, p’ >t

@ exclusive events: main contribution at small values of
'}
AE=E,+E,—E,—~E,—E, and t'=t—1,

@ non-exclusive events (AE > 0) contribute due to the experimental resolution and

Yield (pb)

restricted acceptance
m Event produced in non-exclusive processes as an estimate of background size: 11%

&
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Hermes Spectrometer with Recoil Detector
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@ Electron beam006 (only SET)
m Unpolarized hydrogen/deuterium target: 9.6 Mil. DIS

@ Positron beam 2006/2007 (all sub-detectors)
m Unpolarized hydrogen target: 37.9 Mil. DIS

m Unpolarized deuterium target: 9.8 Mil. DIS
m Two beam helicities, electron and positron beam



Recoil Detector — Design Requirements
//

- @ Recoil Detector installed to identify the recoiling proton

® Dedicated high luminosity run in 2006~2007 with unpolarized hydrogen and deuterium target.
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y Detector at Hermes =~

1 Tesla Superconducting Solenoid

Photon Detector(PD)
3 layer of tungsten-scintillator
detect gammas, p/m PID
Scintillating Fiber Tracker (SFT)

2 barrels of scintillation fibers with 2
parallel and 2 stereo layers

Momentum reconstruction by bending in
magnetic field

-4 Iy Silicon Strip Detector (SSD)

Momentum reconstruction by energy
deposit for low-momentum protons and
deuterons

Inside the HERA vacuum
Target Cell of Unpolarized Target

16



Target cell inside beam pipe

\//7




Silicon Strip Detector (SSD) .

L —

~m2 layers of double sided TIGRE sensors ADC High vs. ADC Low S$111 N Side |-

m16 TIGRE sensors operate in beam vacuum ~ *°F : l
few cm close to the beam e EN
mSize gymmXg7mm, thickness=30oum 5 F E
m128 strips per side, perpendicular w.r.t. 5 E -
. O 400 _ =
each other, pltCl‘.l—758|,lm - S : E P
#8192 channels in total SRR e
200 == —
@Proton momentum : 135- = E
35-500 MeV/c 100:_!35} E
- fﬂ" | | | | E 1
O s 100 150 200 250 300

ADC Low [ch]

#@The high an

’

d low gain yields from charg

e sharing
‘!¢v - 7 A : .8 A l |

v
% 1
2

Cooling Pipes

Heatsink

L — Ceramic Frame
= Silicon Sensor

Support Structure

Two Layers of
SSD modules
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partidetrack

Sc/inp’llating Fiber Tracker .

SFT outer

stereo .
parallel—* T

SFT inner

stereo
parallel—*

g

2 cylinders of 2X2 layers,
s parallel and 10° stereo angle

1mm Kuraray fibers, mirrored ends

and double cladding

m 7o10 fibers
PMT Hamamatsu 64 channels
m 5822 Read Out Channel

Proton momentum 250-1200 MeV/c

kapton 0.125 mm
glue 0.1mm

outer stereo = 186.625 mm

outer stereo 185.725 mm

gluee 01mm ——

outer parallel T = 184.625 mm
Ve

outer paralle| ---- ILJ o = 183,725 mm

glue 0.1mm e 183

kapton 0.125 mm mm

inner stereo R, = 112625 mm

inner stereo R3 = 111,725 mm

glue  01mm -

inner parallel -\ RN R, = 110.625mm

inner parallel  -----F-""f TR = 109.725 mm
glue 01mm -

kapton 0,125 mm

Ry

R = 109mm
inner

19



Photon Detector oo
—

m 3 layers of Tungsten/Scintillator

= A layer parallel to beam line,
B and C layer stereo under +45°/-45°

m Strips: 2X1X28cm?
m same PMTs as for SFT are used
@ Main purpose
= 1y from n° decay
s Reconstruct n° if 2 y's detected

__ | Scintillator |

11mm Scintillaturl' Bars

3mm Tungsten

'Scintillator

20



Gain Monitoring System |

GMS-Connectors

dgDets 244

= Outer SFT dgDets 242

dgDets 240 & 241

Kuraray Clear Fibers

dgDets 238 & 239
Clear PSMI - 1.10mm

mLight source containing 19 blue LEDs

@CAEN Cs529 LED driver module

@The stability monitored by:
@Philips Photonics 1911 reference PMT
#mo-source surrounded by a Yap
scintillator crystal

21



Recoil Detector area
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Scintillating Fiber Tracl rfor

- Alignment at Desy22 electron
“H5.5 GeV e+/e-test beam _ _ o
ZEUS Telescope System resolution of 10opm [ oo™ 019382405

50000 |- RMS 1072,

@Three silicon detector of 32x32mm? ; [X7naavsEos 68

Constont  0.4694E +05
Meaon 0.1944E+05

#@Two plastic scintillators 40x40mm? 3 Sigmo s082
@mData taking setup
#15 runs at different y positions
m30 angular positions of 6° difference
mtotal number of runs: 15x30=450runs
@150 runs for the calibration and the pedestal
#@Residual distribution yields a sigma of 5oum

R

N
|
i

s
' —
[
I
i

| | LI B | o | I | [ I | | I | [ ><1 03
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T . *

parameterizes fibers with polynams

g
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Scintillating Fiber Trac rfor

| Reference Marks and measurements

~

A \".
i E y § '

FARO-Laser tracker Mechanical measurement
@Concentricity: x+0.1776mm and y-0.145mm
@mEccentricity €=0.282

IH| LAGEZ AUSSENKREIS
I
3 T —
T| -0.145 ]

p|avs. 1151 1

tH LAGE1 IWNEMKREIS

pie o.oo0n || |
v | -o.oo0f 1
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[_{RUNDH1 INNENEREIS
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Cosmic test run

Scintillating Fiber Trac rfor
e

mStudy the calibration of sub detector
@MIP / First PE peak

@Alignment optimized by using cosmic rays

@Cross check of the internal SFT alignment.

@Verification of the mapping.

G(EOO_||||||||||||||||||||||||||||||

4
g Multiplicity 2
50000 Multiplicity 2 or 3 —
| ——  Muttiplicity 2, 3 or 4
40000
30000
20000
10000
0 ! ! ! ! ! ! !
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Scintillating Fiber Trac rfor

- Test and repair of the Light Guides
& - @The light guides were installed and reinstalled
’ A @The relative transmission efficiency
e 4 : |
$ ‘5 _ Slgna Channel
p LA rel = oo
4 ¢ SIgnaIMaximun
@The number of affected channels
L Light Guides 19 lnner ST _| @167 (or 6.3%) for the inner SFT
L @80 (or up to 3.7%) for the outer SFT
sl T
0.2:—
e B '3luclh' ' 'lall:u' T

Lt 11 2 o I
e -




Scintillating Fiber Trac rfor
— Servicing measurements -
- GMS system & PMT reference Peqes_tﬂl st§b111ty
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Scintillating Fiber Tracker Efficie

~Efficiency : & = N get N =N. +N Proton efficiency for space point in inner SFT
v Vall det no_det Tuw e T g el
all : i |

ok o LUM T ”“\r“‘] Ao

no_det* det

Ag — \/Nau/(Nau -1) .\/(NZ Ndet)+ (|\|no_det_|\|2 ) ~° U |

2000 m’E 1

Y
4 %1 -oua-uus-om-:u;JoL'Fuz 104 006 008 01 = e~ A S
. . . . ¢.a:{ﬁ‘"emmémm&_:pm;wmf.[}'aa? " i ¢S’I~"T;erecmr[md]
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g'_o'-.s -t 4 *
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“_‘\:— 05 I~
#@Proton efficiency in inner SFT
mhigher than 99.5% for all quadrants “t
@mEfficiency stability inner SFT, the fluctuation less nf
than 1% in 2007 .k
dLess efficiency for positive pions :
85 H
@Efficiency problem in first quadrant of the outer SFT =}
@Huge n° Ghost hits
s00 n/2 n 3n/2

2r
0 frad]



Selection of exclusive p®events
~— Kinematical cuts |

/ p.+p_ < 0 Selects hadrons with opposite charge.

4@ I ! LI ! LI I | I LI ID ! I L) ! fm 1 I
‘ pe‘ >3.5GeV /c Momentum of lepton = o | | Enties S Sy
OBO000 f—--wrmrms _ ........... K ............... Mean ....................... o a R S —
W2 <7.0GeV?2  Energy of vector meson © m RMS | 02064
70000 . tWG)Hadro.nS .......................... -

y <0.85 - | O Hane ]
M. >1.04GeV : different charges | |
kk . 60000 -_ .......... =--_=--“= ................ Sa.m.e.c:ha:r_.g-.e.s. ...--.........é_ .......... _-
0.6GeV <m_ <1.0GeV :
—t'<0.4GeV > o
0.5GeV? < g” <7.0GeV? 40000 |

Geometrical cuts

[Xeaio| <175€m } 0000

calo Position in the Calorimeter
30cm <y, <108cm 20000 |
x| <100cm . [
Rear Field clamp
|| < 54cm 10000 [l B s
Target Region cuts e S e
5cm<z <200m 0'...|i...i...i......i...i...i...“._ﬁ"."._‘."
Vertex _Forward_ Spectromegr 0.2 03 04 0.5 0.6 0.7 0.8 0.9 J1r ) 1.1 1.2
5cm < Z < 20cm M(m ) [GeV]

Vertex _Recoil _Detector

—2cm < AZ < 2cm =9



AE distributions comparison w1thout emd with
Recoﬂ Detector -

2250 :__ .............. : .............. :AE...F@rw.apd..Sp.eG.trgme.ter ........... ......
o : — AE np cutiin Recoil Protons
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e e e
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no gut inj Al
+ ﬁ

Counts

— _\E cut -400 AF'<4 00
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§ = AE cut +0.75gAP<0.75
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p° mass distributions with/without

= Entries 41571

Ol e ec Or = ? i % Mean 0.7582

- 450 —+— Data , RMS 0.1586
— Background fit X2 / ndf 747.8 1394

4001 |~ 2'9”3' fit PO 74,52 £ 3.18

1 —_— p1 316.7 £ 12.2

Integral of the background fit 7510.66 250 % 1672 12.2

1 1 1 p3 69.53 + 1.06
Signal fit at the same interval 25061.1. 300 P o3 x 1.0
250 0.7668 + 0.0006

The background is without the recoil detector 20

playing an important role on the Sum of the fits 150
100

50

LT 0 J
“---J..hh.,w
TN T T R [ R R ||\\|\||\||\|

Wl
o
~
o
w
o 2
=t e
o
-J
o
(02]
o
©

8. 11 1.2
M) [GeV]
Entries 16711
Z B _+_ Sat i i | Mean 0.7629
Integral of the background fit 1924.63 200" ___ Background fit 0, gy 1859 995
. . . 180 — Signal fit fhiie p0 2203+ 1.95
Signal fit at the same interval 11550.8. eof ==Sum i > 8572+ 745
- i p2 -58.34  5.00
140 L p3 324 +0.7
The background is clearly suppressed in the ~ ,E /A O IR v
analysis with the Recoil Detector 100F
80
60}
40
mass p(770) = 775.49T0.34 MeV o
C. Amsler et al. (Particle Data Group), PL B667, 1 (2008) 5 |

mass p° extracted with recoil detector =766.710.8 ﬁ/Ie'Q/‘1 05 06 07 08 0o M(;t+n-)1f(;ey/1'j2



Diffractive Slope parameter b extraction
=ter b extractio.

from data

P
Entries 32755 Entries 13670
z F Mean 01175 F [ Mean 0.1539
RMS 0.09806 RMS 0.09346
10° 2 X% / ndf 86.44 / 88 X2 / ndf 115.3/73
= A1 840.3 £ 17.6 A1l 4132+ 9.3
B -b1 6.154 + 0.103 - 5.426 £ 0.114
- A2 361.1+31.1 | 42 s
L |_-b2 52.41+ 8.52
10° =
- Ale—bl(—t) n Aze—bz(—t) 10 -
10— C Ae
:\ 1 e b v b e b gy L T A B A A L [ B
0 0.05 0.1 0.15 0.2 0.25 0.3 0.%5 20.4 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
P{ [GeV7] P? [GeV?]

Fit of the two exponential function:
@The signal
@The gas contamination.

@The signal

@Negligible contribution of background

from non exclusive po production. background

Fit function used is the one exponential

@Negligible amount of non exclusive

@Data are different at low -t’ due to the big
acceptance effect of the Recoil detector
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b Slope with and without Recoil Deteetor

/

Nﬁ\ 14 -I L] rrrri II I 1 L L LB I L] L] LI L I 1 I i
> 0 HERMES Preliminary Analysis 1
The slope parameter b is a measure of @ 12 - .
the transverse size of the p° vector : fx i
meson (b = 1/3 (<rp*?>>+<rp?>), where 10 = -
<rp?> is a measure of the transverse size - + ,I, A i
of the proton. L N % t 4 i .
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Summary and Outlook

TR

~m Data from Hermes using the Recoil Detector are ready
for physics analysis.

s Exclusive p°production with the Recoil Detector can
be selected in principle without background.

= The analysis of the diffractive-exclusive production of
p° mesons is described.

= unpolarized Hydrogen target data from 2007

a The final measurement of the b(Q?) dependence will
require additional Monte Carlo studies of the Hermes
Collaboration and can finally be used to tune GPD
models.
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