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DVCS BSA to access GPDs

Deeply Virtual Compton Scattering
= Factorization:
» hard scattering perturbative part
= soft part parametrized by
Generalized Parton Distributions
inside Compton Form Factors

DVCS Beam-spin asymmetry
- Bsa: , _do' —do’
= dot +dot
= ¢ harmonic expansion of the amplitude

A Sin(¢t7nent0>
- . . A ~ p'
First order BSA: Arv ~ 1+ Bcos(drrento) e \/

= Mainly sensitive to GPD H ,
Ao ~Sm(H) and B o ~Re(H) 7
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DVCS Analysis Overview

Analysis steps:

= (O - Pre-selection of events

1 - Kinematic binning

= 2 - Selection of exclusive DVCS events

= 3 - Background subtraction (r° electroproduction)
= 4 - Bin migration correction

= 5 - Estimation of uncertainties

= 6 - Results
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0 - Pre-selection of events

0 - Pre-selection of events

Particles from event builder To deal with combinatorics:
= High energy electron = Remove events with more than 1
Eclectron > 2 GeV electron
= High energy photon = Selection of best proton and best
Ephoton > 2 GeV photon candidates based their
“distance” to an ideal DVCS event
= Proton (using exclusivity variables)

Kinematic variables:
= Virtuality » Squared invariant mass of proton and photon

02 = —q? > 1 Gel'? W?=(p+q)*>4GeV?
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1 - Kinematic binning

1 - Kinematic binning

Choice of binning

= 4t bins h
= 3 xp bins — 24 bins
= 2 (Q?bins |

10 ¢trento bins
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1 - Kinematic binning

1 - Kinematic binning

Choice of binning

= 4t Dbins
= 3 xp bins
= 2 (Q?bins

10 ¢trento bins

Proton DVCS at 10.6 GeV with CLAS12
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

= Photon cone angle - e e “ — e e by e [
(angle between measured | g
photon and exclusive
missing photon)

o =9 s o
0 02 04 06 08 1 12 14 16 18 2 0 0.05 0.10 0.15 0.20
Oy cone (°) Mp eprepyx (GeV/c)

= Missing transverse
momentum ep - epyX

w x 1,_ 35
—— Before applying

the exclusivity cuts {530
70 --== Afterapplying
the exclusivity cuts |25

100000/

= Missing energy ep — epyX s
= Squared missing s ol
m ass ep N epy X ME pepyx (GeV) MMZ, ., x (GeV¥/c?)

x10 x10
400} - 12000 i -
i~ | — Before applying - [ —— Before applying
350} the exclusivity cuts t the exclusivity cuts
- - After applying 10000 4[ After applying
= Missing mass ep — eyX [
wa 8000 [

=  Photon energy

0 02 04 06 08 1 12 14 16 18 2

MM epeyx (GeV/c?) ES (Gev)
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

= Photon cone angle

18000)
16000}
14000}
12000}
10000} ;
8000}
6000}
4000

2000

(angle between measured
photon and exclusive
missing photon)

Oy cone < 1.5°

J

—— Before applying the exclusivity cuts |7

{0
16 18 2
ey cone( )
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

Missing energy ep — epyX

—0.5GeV < ME;p epyx < 1.2GeV

100000

80000

60000/

40000

20000

A}

—— Before applying
the exclusivity cuts
After applying
the exclusivity cuts 15,

Mb‘ep Aepyx (GEV)
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= Squared missing
mass ep — epyX

—0.04GeV?/c* < MM, ,,x < 0.04GeV?/c"
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

= Missing mass ep — eyX = Photon energy
/
0.1 GeV /c* < MMgpseyx < 1.7GeV/c? E, > 2GeV

x10° i x10°
400 - 112000 S - -

- | — Before applying [ —— Before applying 16000
350+ the exclusivity cuts the exclusivity cuts ‘

: == After applying 10000 == After applying _
300§ the exclusivity cuts the exclusivity cuts -
250{ : 8000 54{_:””
200f_ 6000 '

[ 3000
150(

b 4000 -
100} 00

2000

S0 11000
OL A': “\F‘_‘ _1
0 02 04 18 2 -‘ v
: 3 4 5 6 7 8
MMep ey x (GeV/c?) Eq, (GeV)
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

Optimization of the DVCS
exclusivity selection
based on the contamination

= |dentify the most S T __
discriminating variables N o
in a DVCS + n° simulation e
| K Mp epoepyx
=  Optimize the position of the . +§%
cut to minimize the statistical T
uncertainty DVCS + ¥ -
04| _
= Adapt the position of the cuts -/
from simulation to “data” . /
based on the resolution LAl

Proton DVCS at 10.6 GeV with CLAS12 11
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

LU, % corr

Bin 16
Optimization of the DVCS 1
exclusivity selection 0.1
based on the contamination vod
» |dentify the most ood &
discriminating variables | % , "

in a DVCS + 0 simulation

Position of the 6, ope cut (%)

= Optimize the position of the Hiteor Bin 18
cut to minimize the statistical |
uncertainty DVCS + r¥ o
0.12F

= Adapt the position of the cuts ol

from simulation to “data” ' Vf’—‘_‘

based on the resolution 0.08F
0

1 2
Position of the 6, ;one cut (°)
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

Optimization of the DVCS
exclusivity selection
based on the contamination

|dentify the most
discriminating variables
in a DVCS + n° simulation

Optimize the position of the
cut to minimize the statistical
uncertainty DVCS + 19

Adapt the position of the cuts
from simulation to “data”

based on the resolution

Proton DVCS at 10.6 GeV with CLAS12
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First look at beam-spin asymmetry

Raw asymmetry after DVCS selection (no background subtraction):
. osF Bin 1 —omrom o5+ Bin 2 ez om o5t Bin 3 om0 05-Bin 13—z m0m o5FBin 14—z 70m o0s4Bin 15po —Too
BSA for each bin: R R ] ) o]

pr— — | ———— - . . | - . . | B . . | - . . | -
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P P I . t. pl  -0.16:012 Pl -048:0.10 -0.7140.10 Pt 0043012 Pl -0.09:0.10 Pl -0.30+0.11

N* number of DVCS i i i
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L L L L L L L L L L L L L L L L L L
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Statistical ) /‘\/
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)
= 1Y electroproduction: ep — epn®

= nw%decays very quickly into two photons (branching ratio ~ 99%):
ep — epm’ — ep yy

V1
A

= Asymmetric 7° decay:

Y1

Direction of the boost
Symmetric decay _ .<:
in the laboratory frame 0 0

= mimics DVCS event 2
")/2
= can pass DVCS n
eXCI USIVIty CUtS Direction of the boost :
Asymmetric decay >
in the laboratory frame 0 0
V2
Y2
m%rest frame Laboratory frame
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)

3.1 — Selection of ° electroproduction events

= 70 invariant mass
(mass of the two photons)

= 1% cone angle
(angle between measured
7 (from the two photons and
exclusive missing ')

= Missing energy ep — epyyX

= Squared missing
mass ep — epyyX

Cuts based on the simulation and
scaled in the data based on the
resolution

Proton DVCS at 10.6 GeV with CLAS12
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)

ep > epn® - epyy "

=  Asymmetric ° decay:
= mimics DVCS event

= can pass DVCS
exclusivity cuts

= may not be identified
as a m° event
(if only one photon is
reconstructed)
=% Remaining n° background
called contamination
-p Not small

Proton DVCS at 10.6 GeV with CLAS12
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)

ep — epn® = ep yy
=  Asymmetric ° decay:
x10°3

Number =
" Can pass DVCS of events [~ — Total: DVCS and n° events
. . 20_ " --- DVCS events
eXCIUSIVIty cuts - 3 ---- Contamination from t° events
. . 15 .
* may not be identified
as a r° event G
(if only one photon is (T
reconstructed) g
= Remaining 7° background
called contamination K , e 1| L
0 05 1 1.5 2 25

Not small
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)
3.2 — Estimation of background

0 contamination in a kinematic bin i: N0 cont (1) = 1(0) ngo ;,4(7)

» r(i) is interpreted as the ratio between “size” of the phase space for
n® decays detected as DVCS and for =¥ decays detected as "

= \We assume that the simulation is good enough to have: r(i) = rS™%(;)

simu

r

0 . . Bin 18
» |namr” simulation, o4k
we compute: nx I
i N0 ('unt(l) T
r,\ miu (l) — -'
sStmu : L
nﬂ.’“. i(l(l) 02
ot ~_- _—--"

| @00 200 300 ‘.1
19 o ©
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)
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3 - Background subtraction (

3 - Background subtraction (r° electroproduction)

Black: total signal
selected by DVCS
exclusivity cuts

Red: estimated
9 contamination
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3 - Background subtraction (77°)

3 - Background subtraction (r° electroproduction)

Bin 16 —  Bin 18
6000
Black: total signal 3000
selected by DVCS
exclusivity cuts 4000F 2000}

Red: estimated 2000k
0 N 1000}
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3 - Background subtraction (rr°

n° corrected asymmetry:

BSA for each bin:
1 Nt—-—N~-

A -
W™ p N+ +N-

P Polarization

+ _ * . =
N+ = npycsia n_o

corrected number of
events with helicity +

,cont

Statistical
uncertainties only
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\/
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4 - Bin migration correction

4 - Bin migration correction
Correct for events that are generated in bin j but reconstructed in bin i

We note:
m;_,; number of events generated in bin j but reconstructed in bin i

Aqorr(j = i) BSA of events from bin j but reconstructed in bin i
Acorr (i = 1)= Aorr (1) 1o simplify the notation

Ao, (1) BSA of all the events reconstructed in bin i (after 7° correction)
We have:  Apy 70 o (i) = misi Ay, corr(i = 1)+ Y mjsi ALy, corr(j — 1)
bin j#i

An’” (.(,,.,.(i) — Ehin jAi Mj—i A('m‘r(j — ’)

Mi—i

So: A('m‘r(i) —
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4 - Bin migration correction

4 - Bin migration correction

Correct for events that are generated in bin j but reconstructed in bin i

Ann (.(,,.,.(i) — Zhin jAi Mj—i A('m‘r<j — l)

Mi—i

A('urr(i) —
We estimate A.,,-(i) with:

"Acorr(J — ©) estimated by taking averaging Ao, (i) and 4o+ ()
since this is, at the first order, the asymmetry of events coming from the
edge of bin j

=m;_,; estimated from a simulation
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4 - Bin migration correction

4 - Bin migration correction

We estimate A, (1) with:
*m;_,; estimated from a simulation

X Xp
F Bin 1 f Bin 2 FBin 3 rBin 13 d Bin 14 4Bin 15
o
o
o5t 3 0.5F 05 4 x
4 L
g 700 200 300 G0 200 300 100 200 300 100 200 300 100 200 300 700 20 300
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k3 151
0.5- 3 0.5F 0.5r 100] 0.5F
o wn L 50
)
(] P .
oG IS R S L g £ L high
E > q 100 200 300 % 100 200 300 100 200 300 l ow o) O 100 200 300 100 200 300 100 200 300 Qz
S5 o g > : s .
> = FBin 7 FBins FBino QZ s o FBin 19 oBin 20 FBin 21
(o] = Y
o
4
05 o osf o ok
2
g 100 200 300 G 100 200 300 100 200 300 T00 200 300 T00 200 300 T00 200 300
fBin 10 FBin 11 fBin 12 [Bin 22 1Bin 23 [Bin 24
0.5 04 0.5F 0 0.5 e
ki 100 200 300 G 100 200 300 100 200 300 T00 200 300 T00 200 300 700200 300 |
v ltl v |

¢ () o () |t]
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5 - Estimation of uncertainties

5 - Estimation of uncertainties

Statistical uncertainties propagated after the n° correction

~1 - 10%. (absolute uncertainty)

Systematic uncertainties associated with:
¥ subtraction: contamination fraction
~ 0.1 to 7%. (absolute uncertainty)

= Bin migration: estimation of the migration and
asymmetries
~ 0.1 to 2%. (absolute uncertainty)

Polarization: polarization measurement
~ 0.1 to 2%. (absolute uncertainty)
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Results

Results
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Results

Results

= Amplitude decreases with ||
=  Amplitude increases with Q2

Careful with binning effects (difficult to provide 1-dimensional information)

xp < 0.16 0.16 < x5 < 0.26 xp < 0.26
Po 1 Po [ Po
—=— Jow Q% —=— Jow Q2 —=— Jow Q*
0.3~ —— high Q* 0.3~ —— high Q* 0.3~ H\ —— high Q*
0.2+ I 02 0.2+
I
0.1 0.1 0.1
| | | | | ' | |
0 0.5 1 0 0.5 1 15 0 1 2
|t |t |t
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Guillaume CHRISTIAENS

Summary and outlook

= Beam-spin asymmetry off the proton at
10.6 GeV

= Refinement of the =¥ correction still ] -
ongoing, mainly by Maxime N
Defurne (CEA Saclay): e

= Understanding of calorimeters and |,
photon reconstruction LM

= Comparison with other n°
subtraction methods R SN I S
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= Refinement of the estimation of ]
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uncertainties, in particular related to  [¢| Low Q% bins X8 High 02 bins X5
the 7° correction
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DVCS event in CLAS12

Typical DVCS event:

= Electron in the forward detector (torus, DC, ToF, Cherenkov, Calorimeter)
= Photon in the forward tagger (calorimeter)

* Proton in the central detector (solenoid, Silicon, Micromegas and ToF)

400,

Micromegas
tracke

neter

Silico :
tracker

-100

-200

-300

_4°c1111111111111111111 1111.111117157 II I

. Forward Tagger Calorimeter
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0 - Pre-selection of events

0 - Pre-selection of events

To deal with combinatorics:
Selection of best proton and best photon candidates based their “distance” to
an ideal DVCS event (using exclusivity variables)

= Compute distance to an ideal DVCS events for each kinematic variable
and for each event i

| i 2
d,‘ o ("\l B 'Xi{\‘pec'ted )

(n)?

= Sum all the distances

d = Z d'

i=variables

* |n each event, select the particles that have the smallest distance
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Generator DVCS + r*

Generator DVCS and r°
= Generate DVCS and n° events following DVCS and n® cross-section
= This is a sampling problem: here we use Metropolis-Hastings algorithm

= We note x; the points of the phase space

Xi = (erxBr t, d))

= We note f the function that we want to sample: here we use
f = 0pycs + o0

we sample the sum of cross-sections
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Generator DVCS + r*

Generator DVCS and r° using Metropolis-Hastings algorithm

= Generate pointi+1 Xi+1, proposed = Xi + Gaus (-’Ci , O )

f . (X,' +1, proposed )
f(xi)
A =Uniform(0,1)

= Accept or reject the point o =

if A < o, Xi+1 = Xj41. proposed

ifA > «, Xit+1 =X

= Choose DVCS or rt° B =Uniform(0, f(xi+1))

if B < o6pycs, generated a DVCS event

if B > opycs, generate a 1’ event

| <40
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

LU, % corr

Bin 16
Return on DVCS exclusivity: 1

optimization of the DVCS 0.1
exclusivity selection

based on the contamination 0.08
imi P 0.06f \\
= Optimize the position . . .
0 1 2 3

of the cut to minimize the

Position of the 6, ope cut (%)

uncertainty DVCS + r¥

AAitUcftnocorr
0.16fy Bin 18
= Here photon cone angle with wide
exclusivity cuts |
0.12F
0.1+ Vf’____
0.08f , , ,

0 1 2
Position of the 6, ;one cut (°)
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events DA s o

Bin 16
Return on DVCS exclusivity:
optimization of the DVCS o1t
exclusivity selection
based on the contamination 0.08f-

0.06f

= Optimize the position . .
of the cut to minimize the 0 0.2 0.4
Position of the M, o_epyvx CUt (GeV/c)

uncertainty DVCS + r° puepmery

AAstat

LU, ° corr

o.14-1 Bin 18

= Here missing transverse
momentum with wide exclusivity 0.12k
cuts and the optimized photon

cone angle cut 0.1
0.08f &,_/—

0 0.2 0.
Position of the M, o, cut (GeV/c)
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

Return on DVCS exclusivity:
optimization of the DVCS
exclusivity selection

based on the contamination

= Optimize the position
of the cut to minimize the
uncertainty DVCS + r¥

= Here missing energy with wide
exclusivity cuts and the optimized
photon cone angle and missing
transverse momentum cut
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2 - Selection of exclusive DVCS events

2 - Selection of exclusive DVCS events

Return on DVCS exclusivity:
optimization of the DVCS
exclusivity selection

based on the contamination

= Optimize the position
of the cut to minimize the
uncertainty DVCS + r¥

= Here missing energy with wide
exclusivity cuts

Proton DVCS at 10.6 GeV with CLAS12
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tat
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5 - Estimation of uncertainties

5 - Estimation of uncertainties

Statistical uncertainties propagated
after the m° correction

[ — AAstat

AAstat

LUuraw (raw)

LU, % corr

m° subtraction correction)

(including

2 2
- o + . + . — .
\/ [Nn() corr ( l) ANEO corr ( ! )] + [Nno corr ( ! ) ANn() corr (l ):|

AASa %
P

LU, 0 C()rr(i) =
(i) +

7[0 corr

N N 0]

1

AN (i) = oI

\/n;tpy. (D) + ()2 ng () + [ni(), al!) Ar(i)} 2]
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5 - Estimation of uncertainties

5 - Estimation of uncertainties

Systematic uncertainties associated with:
= 70 subtraction: contamination fraction
~ 0.1 to 7%. (absolute uncertainty)

nﬂ:o, cont (l)

Nepy, id(i)

Contamination: f(i) =

Asymmetry decomposition:

. ALUJ’CIW(I.) _f(l) ALU,n'O,cont(i)
ALU, r0 corr(l) - 1 —f(l)

Systematic uncertainty:

iy A raw [)— i)A
AA?J zg Corr(i) _ LU, ([) f(( ))] 2LU, 70 cont Af(i)
* 1 — £(i

Uncertainty on contamination Af(i) =0.3 f(i)
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5 - Estimation of uncertainties

5 - Estimation of uncertainties

Systematic uncertainties associated with:
= Bin migration: estimation of the migration and

A4

U,corr

TTTTT

yst bin migration

asymmetries

~ 0.1 to 2%. (absolute uncertainty) | °L
rﬁﬂ; i;iﬂpc%

Asymmetry decomposition:

Ano corr(i) — Lbin jAi Mj—i ACOl’r(j — l)

4 n n I
0 100 200 300

4 . . .
0 100 200 300

4 L . .
0 100 200 300

Bin 4
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Bin 6

Acorr(i) = i S T S ) ) PR
mi;_s; 10237 = 10%F C o103
. . IOS:DD_EE!:I\_:LL 103:| L':, I: loa%ﬂ
Systematic uncertainty: 0 AR DS I I e 11 N
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. . . . . 2 | Bi Bin 8 Bin 9
Z [ <—m,~_>iAC(,,r(] = 1) + A0 corr () = Ljzimj—siAcorr(J — l)Am- ) N m7_ 1 in N n
o > . i S i T
AAIv‘thcbozfrm gratmn( ) _ J#i i—i 10 - 102k - 109
’ —m . - 2 73m -3 -3
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5 - Estimation of uncertainties

5 - Estimation of uncertainties

Systematic uncertainties associated with: T sag e

TTTTT

= Polarization: polarization measurement .
~ 0.1 to 2%. (absolute uncertainty) i AT B e Id e,

syst P /o ALU corr
AALU corr(l) T
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