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PDFs & Inclusive
Physics

Fi, F2 and g all comparatively well-known

New HERMES data on A; and g; available - also
measured at CERN and SLAC

g2 (2, Q%) = g2 "V (2, Q%) + G (x, Q)
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PDFs & Inclusive
Physics

Fi, F2 and g all comparatively well-known

New HERMES data on A; and g; available - also
measured at CERN and SLAC

“pure” twist-3; V@ch}" quawk-gluor
covrelations
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g2 (@ HERMES
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Az, g2 Extraction Procedure

Unfold in bins of (z, Q% ¢)
Nhett (g, Q2, ¢)Lhed — Nheb (g, Q2, ) Lheh

A b, he) = h
LT(Z‘?Q 7¢7 6) ENheﬂ(x,Q27¢)£ng —I—Nhel}(x,Q2,¢)£g£ﬂ

Fit result with functional form:
ALT(xa Qza ¢7 hﬁ) — _AT('CU? Q2) COS ¢

Calculate g, and A; using:

B Fl AT_ B & B 1 AT 22
92—7(1+7§)< - (v f)Fl) A2_1+W€( g +&(1+77) )
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Az, g2 Extraction Procedure
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Az, g2 Extraction Procedure

D 0.15
01|

0.05

o HERMES ((@%)<1 GeV?)
= HERMES ((@%)>1 GeV?)
o E155

A E143

wWw
Xg,

-0.05

-

Results are separated into <l
GeV? and >1GeV? series

Compared to SLAC E143 and
E155 experiments

Also shown against a
theoretical prediction from

EI55 Coll., PL.Anthony et al., Phys. Lett. B 493, 19(2000).

Consistent with CB sum-rule
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Az, g2 Extraction Procedure
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g2,A2 Conclusions

A2 and g> have been extracted at HERMES from

the ALt inclusive asymmetry.

The results confirm the Burkhardt-Cottingham
sum-rule for g, and are consistent with SLAC

and CERN data (A; only).

Sit alongside measurements of F, and g as

contributions from HERMES to inclusive
structure functions

F2: A.Airapetian et al, JHEP 05 (2011) 126

gi:A.Airapetian et al, Phys. Rev. D 75 (2007) 012007
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Deeply Virtual Compton
Scattering

ep—epy




Deeply Virtual Compton
Scattering

do g e° |'r|2

dzpdQ?d[t|dé ~ 32(27)t Q4 VI + &

L

A

|‘f|2= |TBH|2 T |TDVCS|2 T TBHTBVCS T T§H7DVCS

Tuesday, 11 September 2012

14



DVCS @ HERMES

Ac(d) dot (¢) — do~(¢) &  Re(H)
do*(4) + do~ (¢)
_ (do(¢)*™ — do(¢)™) — (do(g)" — do(g)™) X Im
A10(#) = (30(8)7 + 4o (@)70) T [@o(8)—= + o () (9
APV gy = (47(8)" +do(8)") = (do(6)** +do(¢) ) & Im[HH"
+—> o old) T+ o ~ ~
(do ()= + do(¢)—) + (do(g) T+ + do(¢)—+) A
: do™ (¢, ps) — do™ (¢, s + ) — do™ (¢, ds) + do™ (d, s + 7) i~y
Aur(:95) = 3576, 65) + do (6, b5 + ) +d0 (¢, ¢s) + do— (¢, ¢s + ) b Im(a
DV +(¢ ¢S) — d0+(¢ ¢s + 7!') + do™ ((b, ¢S) do™ (¢7 ¢s + 7!') ~
AGT(#,95) = ot (6, ¢s) + do+ (6, bs + ) + do— (¢, bs) + do— (¢, bs + 1) < Im(E)
$E¥+DVCS(¢ bs )_ = UU[(d—H-T d—)+l d<—+T+d0. l]+(d_) T_dodt-ds5 T +d&5— l)] a Re(H_I_E)
Alr(9,85) = UU[(ar"*T dF* —d&* T +d5HY) - (@@ - ddt - dF T+ d5Y)] B Re(#)
_ [052(9) + 022 ()] — [05(0) + 0= (4)] ~ ~
= 7= (0) ¥ 7= ()] + o= (8) + o= (9) & Im(#)
A (o) = [T270) +0 @) — [0 2(9) + 0= (4)] & Re(ft)

027(8) + 0 (9)] + [077(d) + 07 <(9)]
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DVCS @ HERMES

FIELD CLAMPS TRIGGER HODOSCOPE H1
m = -\ Select one scattered
» DRIFT CHAMBERS lepton and one photon in
2 4 the spectrometer
PRESHOWER (H2)
DRIFT \\ -
1- CHAMBERS ] S— 140 mrad
S
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-
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DVCS @ HERMES

' 1

zg 0.3 | e e'data
g : 1 o € data
b= R Y — MC sum
- L | ., L elastic BH
0.2 | P & wm associated BH
B semi-inclusive
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DVCS @ HERMES

_—Wanted Signal
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® Hydrogen
HERMES DVCS A Deuterium
O A Preliminary
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Beam-Charge Asymmetries

http://arxiv.org/abs/1203.6287
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Beam-Spin Asymmetries

A. Airapetian et al, JHEP 07 (2012) 032
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http://arxiv.org/abs/1106.2990
http://arxiv.org/abs/1106.2990

DVCS @ HERMES
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Exclusive Measurement

A. Airapetian et al, JHEP (in press)

http://arxiv.org/abs/1206.5683
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Exclusive Measurement

| HERMES i i | Scale Unc. 1.96%
05| PRELIMINARY [ + i I i
EE ] R S R + """ +++++ """""
05f i | + I i
s e+p s e+Y pﬂ:o |A+ X X X
_ 0.5 B B + B
S SO S NSRS PRI ST S —
< v T o 1 ‘ +
05 - l + B ‘ - N
10° 10 10" 1 10
Xg Q? [GeV?]

overall

Results taken from measurement of ep—epTt?Y

(Overall ‘zero’ asymmetry implies that the ‘associated’ fraction
in the non-exclusive results acts as a dilution)
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® Hydrogen
A Deuterium
Hydrogen Pure

® DVCS remains the
leading process for
access to Generalised
Parton Distributions

e HERMES has the most
diverse DVCS
measurements of any
experiment.

® Polarised target
experiments are essential
for the extraction of
GPDs; should be seen as
a fundamental
experimental priority!
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the pY-equivalent.
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Physics Update from
HERMES

® New inclusive measurement of g, and A
released, compatible with SLAC and SMC.

® HERMES has very diverse DVCS
measurements available - programme
almost complete.

® Exclusive meson results also available;
SDMEs seem mostly to match p® SDMEs.
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Angular Distribution

WYt (@, ¢, cos®) = WUY (@, ¢, cos®) + WLV (@, ¢, cos®)

For unpolarized target and beam:
1 1 . .
87312 [5(1 —r0%4)+5(3r0%4 —l)cos2 Q—ﬁRe{n%“} sin2@cos¢— 7, sin® @ cos 2¢

—£c082® (rlll sin® @+ cos® @—~/2 Re {rllo} sin2@cos¢ -7, sin” @ cos 2¢)

W (D,p,cos0) =

—&£sin 2@(\/51111{7'1%} sin2@sin ¢ + Im{rﬁl}sin2 @sin 2¢)

+ \/25(1 +¢) cos(I)(rls1 sin® @ +7;, cos’ 6’—\/§Re{r£)} sin2@cos¢g—1;’, sin” @ cos 2¢)

+ \/25(1 + 5) sinCD(\/EIm{rlg}sin 20sin ¢ + Irn{qul}Siﬂ2 @'sin 2¢)]

For unpolarized target and longitudinally polarized beam:

W (D,¢p,cos0) = 822 P, [J1-¢&° (\/Elm{rlf)} sin20sin ¢ + Im{rfil}sin2 d'sin 2¢)

+\/25(1—5) cosCI)(\/EIm{rlZ)} sin 20sin @ + Im{rlzl}sin2 @sin 2¢)

+ \/25(1 —¢) sinCD(rﬁ sin® 6 +7;, cos’ Q—ﬁRe{q%}sin 20cos¢—r", sin” O cos 2¢)]

2
o209 . . L
1=y-vy 4v2 - the ratio of virtual photon fluxes for longitudinal and

1 —y+ %yz(g—zz +2) transverse polarization

E =
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Exclusive Measurement
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1.6

=
/'% P—=)
b ® Proton HERMES b‘_‘
~ ® Deuteron HERMES v
H'-‘ A Proton HI1 F D.Aaronetal (H1 b
-’ Collaboration), JHEP 1005, 32 E
é’ (2010). —
1 .
A
0.4 L——— 1 ' 0
Z 4 6
2 2
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® Proton

® Deuteron

:

Kinematic Dependence

of t1
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1.6

Re(T,,/T,,)

04—

® Proton HERMES
® Deuteron HERMES

A Proton HI1 F D.Aaronetal. (H1
[ Collaboration), JHEP 1005, 32
(2010).

Q*[GeV’]

Real Part follows a/Q
with a=1.11+0.03GeV

as expected!

Im(T,/T,,)

® Proton

®  Deuteron

0 ' A l A A ' A 1 A 1 A A 1 A A1 ' A
1 2 3

Q*[GeV?’]

Imaginary Part follows bQ
with b=0.341£0.02GeV-!
(fit has no basis in theory)
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Phase Differences of
HARS

® GPD model predicts small phase difference
for tan(6| |)=Im(t| I)/Re(tl I) S. V. Goloskokov and P. Kroll,

Eur. Phys. J. C 53, 367 (2008)

® to| is expected to be the largest SCHC-
violating amplitude and 0o should be
constant

D. Yu. lvanov and R. Kirschner,
Phys. Rev. D 58, 114026 (1998)
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Phase Difference of
HARS

50 , 90
~ :
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- o e, !
© -' 008 B 1 | i

L 1 5 3 T 5 3
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Large value contradicts
GPD-based models

50

® Proton

®  Deuteron f &
¢ T o]
- . afe

0,, [deg]

0 N A | A " i i | A A " A | i L i A
1 2 3

Q* [GeV]

9

0,, [deg]

-90

Should be a constant

(Neither Re(tor) nor Im(tor) follow
theoretical dependence predictions!!!)

® Proton
 E ® Deuteron
o

1 BN 3
Q* [GeV?]

N.B: Fits have no basis in theory
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Helicity Amplitude Hierarchy

Behaviour of UPE

[ Too2=|T1|*>> |Uni|>> |Tor|2>> |Tio|..

® uj=|Up|/|Too| should be small (uj; = 0.2)
but visible (only) for p° at HERMES!

* May naively expect a |/Q dependence in uj

 UPE is one-pion exchange => may also see
some influence of the pion-pole at small t7
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Unnatural Parity
Exchange

U, /Tyl

® Proton
® Deuteron

0.2 ......

0.4 I |
B ﬁ% -------- |

lllllllllll

U, /T,

04

02

® Proton
® Deuteron

AAAAAAAAAAAAAA
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No
dependence

® Proton
® Deuteron

M_Ef% :

0 .2 " M 1 " i i " | S SR SR S S

U, /T,

0419

0.2 " N "

Unnatural Parity
Exchange

No
dependence

ont’!

® Proton
®  Deuteron

AAAAA

01

i ()13 M
-t [GeV?]

Existence established to 200 (integrated extraction)
Magnitude of U, is 2.5x smaller than Too

Tuesday, 11 September 2012

43



Unnatural Parity
Exchange

* No dependence on Q% may be because
HERMES is far from the asymptotic region !

* No dependence on t’
= [oo far from pion-pole !

= U,| not dominated by one-pion exchange !

= An underlying dependence of Too on t’ ?
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JLab Hall A

GPD Extraction

JLab CLAS

HERMES

o X5=0.36

xB=O.25

x;=0.09

0.2 0.4
—t (GeV?)

Even for H,VGG model

GPDs are shown not to
be consistent with
experimental
measurements when
CFFs are extracted from
data.
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