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Deeply Virtual Compton Scattering

*  GPDs can be interpreted as relating transverse position of partons to
longitudinal momentum. Part of 3D 1maging of the nucleon.

contain information on angular
momentum of quarks

« (Can be accessed in measurements of cross-sections and asymmetries
in, eg: Deeply Virtual Compton Scattering (DVCS).

Q’=—(e-e') t=(p-p)

longitudinal momentum £ = Xp

X£E |
fractions of quarks 2—x,

» At high exchanged Q?2, access
E,H,, H, (xE,7)

to four GPDs: E , E
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Neutron DVCS

*  GPDs from proton and neutron: flavour separation

X
« Neutron DVCS extremely sensitive to E, /)e, Y* O@.H‘HJ
€
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leptonic plane
N '/

— hac}ronic\‘n
. . pranc
@ Polarized beam, unpolarized neutron target:
Aoy ~ sing Im{F,H + fg(FlJrog)H - kF,E}d¢ H,H, E_
@d because @ So @ecwse @
between PDF’s of u and d quarks
:? . q 1 g 1 { q q ]
s relation: J* = 2-J° = 2 j: xdx \H(x,8,0)+ E*(x,E,0)
[ L C 1
RIS Important missing link 1n
2 2 the nucleon spin puzzle!
pinp




Egl-dvcs experiment

Data taken: Feb — Sept 2009

Beam: polarised electrons
E.=4.7t0 6 GeV

polarisation ~ 85%

Longitudinally polarised targets:

NH3 (95 ¢

ays)

ND3 (33 ¢

ays)

Proton / neutron pol. ~ 80 / 30 %

é+d— e +v+n+(p)

3 Exclusive reconstruction of e’, N, and .
CLAS Spectator proton i1dentitied

plus via missing mass.
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DVCS on different targets

Calculate DVCS on
@ a “free” neutron

Free proton in

Free proton

F.-X. Girod et al, PRL.
100 (2008) 162002

nuclear
medium
Quasi-free neutron
Quasi-free in deute.rmm and
proton in in heavier nuclear

deuterium and in medium

heavier nuclear
medium



Particle ID - Electrons

* g and p from track-curvature through drift chambers 1n
magnetic field.

* Separation from 7t: on basis of energy deposit in electromagnetic
calorimeter (EC) and number of photoelectrons produced in Cerenkov

counters (CC).
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Particle ID - Photons and Neutrons

[ from neutral particles’ time
of flight to EC —mm»

- Forward, low-angle photons in
additional Inner Calorimeter

v

1200 j_103 Entries 6.9860610+07
- g> 09 |
hotons. |
600 — )
[

- < 0.9: J \
400 — ﬂ a
- neutrons \/ \

, - \

%J : r—-r‘“l""”f’fr—- T \.\—, —
2 04 0.6 0.8 1 1.2

Hits in IC with E deposit>1GeV « Photons: FE deposited in calorimeters.

515

IC: cut E < 0.3 GeV

cut low energy
IC hits at < 6°

S !==' Aty & .!- - :-j E'. -..!..
L (1= ; _'z-g.n_! 1000 . .
o Eias i L Neutrons — in principle, could
s hi Nl . reconstruct thus: Bm
- P pn — n
v 200 - ﬁ ’
0 E, =+m, +p,’ v

But that’s not ideal. ..



A closer look at the EC

* Divided into two groups

Scintillator bars . .
[ iator bar of scintillator/lead layers:
U - plane p
Lead sheets Inner and outer.
V - plane p
W - plane p

L)
\
"

»
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"—Fiber Light Guides
(front)

Fiber Light Guides
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Inner EC (simulation)

« For ~45% of neutron candidates, there 1s no energy deposit in outer EC.

« Neutron momentum incorrectly reconstructed:
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Outer EC (simulation)

» For ~35% of neutron candidates, there 1s no energy deposit in inner EC.

« Neutron momentum incorrectly reconstructed:
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In the case where E(in) = 0, path length needed a -20 ¢cm adjustment

(applied for the plots above).



Full EC (simulation)

» For ~20% of neutron candidates, there 1s an energy deposit in

both stacks of the EC.

- Neutron momentum reconstruction 1s better but still not perfect:
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Momentum (and therefore beta) 1s over-estimated only for a very small fraction of events.



Ad (°)

Neutron hit position: inner EC

« Compare reconstructed neutron trajectory with generated:
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Neutron hit position: outer EC

- Compare reconstructed neutron trajectory with generated:
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Neutron hit position: full EC

« Compare reconstructed neutron trajectory with generated:
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« Direction of the neutron 18 well reconstructed, wherever in the

EC stacks it registers, to ~ 1.5 degrees.



Neutrons: beta cut

* Energy deposit utterly unreliable.

* Beta reconstructs correctly only in a fraction of cases (though it’s reliable
for photons!).

* Direction of neutron has the highest resolution (on the order of a degree).

Max neutron momentum of 2 GeV/c

450

w00 Enires 20011 corresponds to max beta of 0.9.
350 pDV?VSitﬁventS B of neutral particles in EC
300 / —
undetected p 1000 A
250 Entries 5.289207e+07
i Constant 9.513e+05 + 2.655e+02
200 800 Mean 1.002 £ 0.000
+60 Sigma 0.0227 + 0.0000
600 ]
100 i |
50 40| part C data ,HI
% 02 04 06 08 1 12 14 16 18 2 . //
200 ,/
Poen (GeV/c) ! - \
—_— . Ny
Generated MC neutron momentum 0 g — i g T

distribution (before full neutron

selection cuts) Photon beta peak has sigma ~ 0.023.

Cut at 0.9 1s well outside of this.



Neutron momentum

*  Apply kinematics and conservation laws: e

«
Y +d—n+y+p, v ffjn

Energy and momentum conservation:

Q+d:n+7+ps

where: d = 1mg.0.0.0 : : .
[ ds Vs Vs ] Neutron direction cosines are known:

g=e—¢e = V5 45 Gy, 4] Dan = PnSinby,coso,

Y = [Py, Parys Pyys Par Dyn = PnStnb,singy,

n = Epn, Den, Dyn, Pen) Pzn = DPncost,

Ps = [Es; Pas, Dys, Pas] Ern = (my, +pp)"/?
Applying Taylor approximation: Four unknowns (pxs, pys, Pzs, Pn), four

equations (for each term in the four-
momenta): can be solved!

2
Ps
)

E.o= (m2+ )2 ~m.(11



Neutron momentum

Solving the equations, one can arrive at the expression for the kinetic energy,
T, of the neutron:

—(be — 2a*my,) £ +/(be — 2a2my,)? — 4(b% — a?)c?
2(b% — a?)

where the “+” solution gives the correct answer and

1, =

a = (Dyy — Gz )Sin0,c080p, + (Pyy — qy)SiNOpsiNP, + (P2y — q2)cosb,
b=py, —v—my

c= (py +my —mg —v)* = (m; +p5 +¢° —2q-p,)

Finally, calculate neutron and spectator momenta:

Adapted from Manuel Dieterle, Masters Thesis, Basel (2009)



Neutron DVCS in ND; - identifying reaction

Deep Inelastic Scattering cuts:

« W > 2GeV/c2  where W is the missing mass of (eN — e'X),
1solate resonance region of remaining YN

« 0?>1 GeV? - ()’ >-t Region where factorisation applies

XB wsF

Additional DVCS cuts: 0
° E}’> 1 GeV 0.4;

03

- p,> 0.4 GeV/c

02

Recoiling nucleon should not oif
have a low p |

Compare reconstructing neutron momentum
from beta and from reaction kinematics.



Exclusivity cuts: spectator

Use NH; data to subtract the nuclear background from the ND;
distributions (normalised by Faraday Cup counts), purely for visibility.

»  Missing momentum from ed —e'N'y X should be low for

spectator nucleon in quasi-free reaction: p, < (0.2 GeV/c

If neutron 1s assigned momentum calculated on the basis of beta:

«  Missing mass of spectator from ed —e'N'y X:
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Exclusivity cuts: cone angle

y cone angle: Difference between calculated and measured y direction

Neutron momentum calculated from beta:
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Neutron momentum calculated from kinematics:
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Exclusivity cuts: coplanarity

|IA¢| Coplanarity between y and N

 Neutron momentum calculated from beta:
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After exclusivity cuts

Missing mass from eN — e' N X (should correspond to photon)

 Neutron momentum calculated from beta:
ND; - NH,
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After exclusivity cuts

Missing mass from eN — e'y X (should correspond to recoil neutron)

« Neutron momentum calculated from beta:
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PiO electroproduction: Electron ID

e
0

0.4—

Standard electron ID cuts:
fiducial cuts, EC E - p cut,
CC cut

Electron ID: Sampling fraction vs DC momentum for pDVMP on NHJ
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z vertex - nominal target position [cm)

Gavin Murdoch, Glasgow University

Electron ID: z vertex vs ¢ at DC layer 1 for pDVMP on NH3
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PiO electroproduction: EC photon ID

Gavin Murdoch, Glasgow University

EC photon ID:  of neutrals for pPDVMP on NH_
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Pi0O electroproduction: IC photon ID

Gavin Murdoch, Glasgow University
IC photon ID: Time vs 6 for pDVMP on NH3
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PiO electroproduction: piO ID

Gavin Murdoch, Glasgow University

Pion ID: IC-EC pion mass for pDVMP on NH
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Proton cone angle

Recoil reconstruction: p-pi0O on NH3

Try reconstructing neutrons from missing

mass

and neutron candidate direction,

determine cut on basis of p-pi0. Start with
p10 electro-production on proton (part B

data):

e+p—e +7°+X

Proton cone angle vs. missing mass for pPDVMP on NH_
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Gavin Murdoch, Glasgow University

Cone angle: between calculated
and measured nucleon direction.

Missing mass for pDVMP on NH3
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Recoil reconstruction: p-piO on ND3

. . Gavin Murdoch, Glasgow University
Next, check pi0 electro-production on

proton from part C: Fermi smearing.
Missing mass for pDVMP on ND
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Recoil reconstruction: n-piO on ND3

Gavin Murdoch, Glasgow University

f of EC neutrals after good z° ID for nDVMP on ND,
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In summary

Originally, reconstructed neutron fully from EC beta: very low
stats, low resolution, large backgrounds, unclear where to place
exclusivity cuts.

Attempt to 1dentily exclusive events via recoil hadron direction
matching and missing mass, test in the case ot pi10-production:
Fermi-smearing masks peak, huge background and low stats.

Calculate neutron and spectator momenta on basis of neutron
direction: cleaner distributions, still very low stats.

Next: systematic study of exclusivity cuts. Might not be
possible to extract a p10 measurement.

Possible other channels, e.g.: € + 1N — e +m + p






Backup



A;y in neutron DVCS on ND,

v Beam-spin asymmetry (A;y):

One previous measurement from Hall A @ JLab, A;; ~ 0. Big

statistical and systematic uncertainties, slightly different kinematic
region, (M. Mazouz et al, PRL 99 (2007) 242501)

n-<y" plane
%2 | nadf 1147/ 11
{ ‘ p0 0.2002 + 0.0506 ‘

Fit;: 4,y = p,sing
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-
: Ze,,
Ay, in neutron DVCS on ND; .,
eb?e
.
v Target-spin asymmetry (Ayy ):
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lan by S s p, ~—0.30+0.14
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AR ST Uncorrected by the dilution
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factor due to the nuclear
background!
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A,y — check on proton DVCS in NH; and ND,

NH3

. x¢ I ndf

p0
p1

13.24/10
0.2316 £ 0.0173
-0.1862 + 0.1151

P, SINQ
1+ p,cosg

ND3

12 [ ndf

p0
p1

9.572/10
0.1618:0.0168

-0.09654 + 0.19034

Previously measured result on H, 1s in

range 0.2 -0.3.
F.-X. Girod et al, PRL. 100 (2008) 162002
N o 0232002
P(N"+N")

Uncorrected for ¥ contamination
—> actual A, larger!

Deuterium target — smearing due to

Fermi motion requires wider data

cuts. N -N°
P(N"+N7)

~0.16+0.02

¥ contamination more significant
—> measured Ay lower than on NH:



