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From DeepIyVirtuaIComptonScattering to TimelikeComptonScattering

DVCS (v*p — vp) TCS (vp — 7v*p) Bethe-Heitler
¢ (k) & (k') w
¥ (@) =§‘ Y @) 7
hard ],
P P

Compton Form Factors (CFF)
H= T, {P [ a6, 0) [ - ] +im[HI(E £,6) - Hi(-6.,0)]}

Imaginary part Guidal, Moutarde
and Vanderhaeghen (2013)

@ Measured in DVCS asymmetries

@ TCS ~ polarization asymmetry
Real part

@ Accessible in DVCS cross section

@ Charge asymmetry (E. Voutier talk)

@ TCS cross section angular modulation

(R and F/B asymmetry) * <0.5
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Physics motivations

[y

Nucleon D-term Fopilve
e

The CFFs dispersion relation at leading-order
and leading twist :

r2pir) (<102 GeV fm1)

Confining
pressure

' 1 1
ReH(¢, t) = P/ dx <§—x £ x ) ImH (&, t)+D(t)

-1

Ll
02 04 06

o D-term expansion o 08 10 12 14 18 18 20

1 (Y, D(z,t)
b(t) =3 [ T

Nature (2018) Burkert, Elouadrhiri, Girod

D(z,t) = (1 - 2°)[cu(t) *(2) + ..]

o di(t) is directly related to the pressure
distribution in the nucleon.
0.05 0.1 0.15 02 025 03 035 04
2 Test of universality of GPDs
. . DV h
@ Photon polarization asymmetry sensitive to ImH CS phase space

TCS phase space

Boér, Guidal, Vanderhaeghen (2015)
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section and observables (1)

vp — ete " p cross
/2:(k+k1)2 t:(p/_p)2
B L _ (QIZ t)2 b2 LO Q'4sm 0
L e = 2(k k )(P P )
/2

T= 2?,_.q s=(p+q)

2512

ren §=2%  b=—ig

v

Interference cross section
3
Qem L mp 1 Lo cos(qS)1 +laz;2)(0)R M + ]

(diowr i 1 mp
dQ2dtdQ - 47s2 —t Q' +/I—7 L

~___2\/t0—t1—§ o
oM ==y 1+§[Flﬂ_é(F1+F2)H_4M2F2€}

1st observable: Weighted cross section ratio (Berger, Diehl and Pire, 2002)

27 ds -
R(\/g QQ t) _ f;) d¢ CO$(¢) dQ2dtd ¢ /3 /4 do
’ ) 2 ds 12 402 dtdbdo
[ - aQ dtdng Lo dQ2dedpdo
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vp — ete ™ p cross section and observables (2)

<9, Unpol. cross section
."".Eevm d*omnT Lo 1+ cos?(9) .
—_— X —— ———FFRe M
dQ7dan =TT 5m  Fe

Il em.

2nd observable: Forward-Backward Asymmetry

Concept explored for J/W production [Gryniuk and Vanderhaeghen(2016)].
No predictions for TCS have been published yet.

Ars(60, o) = do (6o, do) — do(180° — 6y, 180° + ¢b) I
BP0 P00 46 (B, o) + dor(180° — g, 180° + go)

—> Access to the real part of the CFFs with no integration over angles (removes large dependencies on angular
acceptance)
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Event selection

/ / — 4/
ep — eyp— (e e p J
Final state —
) Exclusivity cuts
selection
o Use the CLAS12 o Cut on scattered
reconstruction electron missing
software PID mass and missing
o Additional UREIBYEER S
positron pid (see momentum Hasere(Gel
further slides) @ Put a constraint
o Events with on the virtuality P
t
exactly one of2the photon B < 0.05
e",one e~ and Q" x ) )
one proton are 1-— Cos(escattered) Mass® < 0.4 GeV
selected y Plepton > 1 GeV

Exclusivity cuts are performed after all momentum corrections detailed in the following. J
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Proton Momentum Corrections: MC corrections

Ny 2 @ Generated events are passed
through the full chain

simulation.

diffP

o Generated and reconstructed
momenta for protons are
compared.

@ 3 regions are considered: FD
6 < 27°, FD 6 > 27° and CD.

Gentral proton

Momentum correction is parameterized as a function of P and corrected in simulation J
and data.
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Proton Momentum Corrections:

Missing mass proton

IESS

22000
20000
18000
16000
14000
12000
10000
8000
6000
4000
2000

Eniries 5466140
Mean 1.279
StdDev 03945

@ Use ep — ep’p — e(p’)m "7~ reaction, where the missing proton goes in the CD.

1.8
M (GeV?)

Central corrections (1)

MVassineta
5466140
1.244

StdDevy _10.95

02 04 06 08 1 12 14 16 18 2
M (GeV?)

Missing proton mass spectrum; as a function of the missing particle 6 angle.

Compare missing proton kinematics with reconstructed ones.

o At 6 > 37°, there is very low background — clean one-to-one matching
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Proton Momentum Corrections: Central corrections (2)

@ Issues with
momentum
reconstruction in the
CVT.

@ No large shift seen in
i the # and momentum

AP/P versus 0 and momentum for proton in the CD. dependence.

APP

ereraszom
. o
25

APP

0.1

o

o Correction applied for each of the three regions, only for data.

° % is parametrized as a function of the local ¢ angle of the last layer of the CVT
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Lepton Momentum Corrections: Detected Photon "radiative

corrections”

iPhidifThetaRad1vsP

A0 versus P,

e~ /v

u o Entries 3361920

Meanx -0.7137

Pl vean y 3.14

A

180F
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a0f
20

L | 1 Pl IFEFTE EFEPTE EFETET AT AT
%2020 60 80 100120 140160180

iffPhidiffThetaRad

Entries3361920

Mean 2573

Cone Angle

Cone angle between electrons and photons.

At the vertex, some photons are produced very close to leptons. v momenta is added to
the lepton momentum within —1.5° < Af < 1.5° and Cone angle < 10°. Applied in
both simulation and data. (see Joseph talk tomorrow)
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Positron identification (1)

Clear 7 contamination above HTCC threshold

input variable: PCAL

(1/N) 0N/ 0.00806

(AN) N/ 194

All events M>1.5 GeV
1 ProsPEEc] PPosPElse
B e Eoies 4618
& o ey 2y & 9 ey 331
8F 8
7E e
6F 6
56 5
aF A
3 3
2E 2=
E x] £ .
T I |
1 2 3 4 6 7 8 9 10 9 1
P(et) P(e+)

Training of Multivariate Analysis methods on simulation

Input variable: ECIN

g g
2 8 1 g 2
$ 3 S H
FI s kR
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@ Use e and 7"
simulation samples

@ Train MVAs on
reconstructed e’

@ Use SFs and
second shower

moment (averaged
over U,V,W)

@ Test on data
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Positrons identification (2)

Applying neural network pid

M>1.56 GeV
. . . [PPosiPElect

Output distribution o
E£2000F
"1800;
1600?
1400?
1200?
1000?
BUU?
500?
400?
200? L

= 0 0‘,2 0‘4 0‘6 O‘E 1

MLP output

4500—

4000! — No cut

3500E- — After cut
3000

2500

o3 T
=« | Simulation

Pierre Chatagnon (IJCLab)

180

— No cut

When applied to data and

— After cut
b ] simulation, the pion contamination
3 is removed.
o The ratio B/S is reduced from 50%

to 5% using the neural network
approach (see Back-Up slides for
details).
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Data/Simulation comparison

Complete RG-A inbending data set, after momentum corrections, fiducial cuts, positron
PID and exclusivity cuts. J

Fiducial cuts on V and W strips of PCAL included. J

Normalized counts

Normalized Yield

T T T T T T T T

g
5 2
g

ratio

e
Normalized counts

E@S‘i

S
LEX Aadil 1T
I

Mass

Data/BH simulation comparison in the high mass region 4 GeV < E, < 10 GeV
0.15 GeV < —t < 0.8 GeV
No evident vector meson background
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Acceptance

Ngec o

ACCQ:(E«,,Q’Z,—Ld),Q) Neew o

4 bins in —t and Q'?, 3 bins in E,, 10° x 10° bins in the ¢/6 plane. Bins with AA/'éz‘ > 0.5 and Acc < 0.05
are discarded (AAcc is statistical error).

mass bin 0/ tbin 1/Eq bin0 mass bin 0/ tbin 2/ Eg bin 0 mass bin 0/tbin 3 Eg bin 0

errorAcc

Entries 6877
Mean .1403

300
200
100

O\\\‘\\\\‘\\\ S | 1 o .

0 0102 03 04 05 06 07 08 09 1

Error

RO 20M generated events simulation set
4GeV < E, <10 GeV  1.5GeV <m_ _ <3 GeV 0.15GeV? < —t < 0.8 GeV? )
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Proton efficiency correction: in the CD

Use e(p’)m" 7~ reaction, where the missing proton goes in the CD. All the efficiency
analysis is done using kinematic variables of the missing proton.

Data set: er™ 7~ (X), cut on the p mass in the m,.(,— spectrum
Simulation set: Events generated with genev, epp

5 o 7 E g
§ o E =t 2 ol ‘r + + + + H
E T auiE Py . —}L t +\L+‘ 1 M‘F H L “
£ R = ¥ Tt T T Fr | E ¥ T
04f = R o hass Uy ++¢ +4 E & it
E e AR N AR E e e
E s | HE T simu
“Elom] . e
E E ¥ —
i H ] - T
B — - * +o hmeeeeare ey I
el - B s e ot i il
Effpara = ~NBEC Effspy = ~NREC Effcor = EfpaTA
NM/'ssing NMissing EFFSIMU
4 bins in momentum, 2 bins in 6, 30 in ¢ J
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Proton efficiency correction: in the FD

@ Use e(p’)m 7™ reaction, where the missing proton goes in the FD.

@ Each bin is fitted with Gaussian + linear background

o8k /’_4‘___\, 0sf- ...A--""h"'"'\\

o - AN I

osf // \/\ osf- r’f’f}\rd\,zwj\w\

g A At n

02 = Data = Data 0zE = Data

3 - Simu = Simu “E - Simu

0. 04 06 08 12 T4 -200 150 - 50 BT 150 200 1 1 2 35
1-dimension correction: 9 bins in momentum )

Change in the acceptance calculation

ZREC Effcorr

Acc =
NGen
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R r

Weighted cross section ratio

atio measurement

Statistical error calculation with MC method (R

E¢ Yy - cos(¢) calculated 1000 times with Yy within error bars)
R= E—Y’ amplitude
4 £ °F ries T
¢ 5 ek Mo oz
L 1 140F-
Yy = E ==, 3
? Lo Acc 120
T 3w 100
0elF, ] sof-
L 1 2 60
oYy = E —_— 40F-
Lo Acc 20E-
el 3 S N N - B
n"
v
&
o3 | Comparison with CLAS results
£ —+1 Rafayel P hesis resul
0.4 arayel Paremuzyan thesis results
02 |—o——0——’_ = ( Y Y )
of @ 1.1 GeV < M. < 1.7 GeV
oF @ 2GeV < E, <5 GeV
-0.6F @ No specific acceptance study was done. The
~0.8f lowest Mee/E~, bin of the CLAS12 acceptance is
B X T 7 S Y-S Y A ¥ used.

v
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Results (R’ ratio) and Systematics

o © © 9 o

O Calculate observable in CLAS12 acceptance for

o b

generated BH events, and full-chain simulated
events. Difference is assigned as Method

Systematic.

[ L RARAS LAALN LAY RARAY LARY LAY LA

Meth

ol
o
N
o
w|
o
N
o
|

@ Calculate observable with/without proton

efficiency

EMeenc;

Positron ldentification

@ Vary the positron ID cut. 0.5 4= 0.1 are used.

Foson (D

Acceptance

Acceptance.

@ Calculate observable with acceptance file

produced using BH-weighted events (TCSGen)

and independent generator (GRAPE).
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Results (R’ ratio)
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AFrp measurement

@ Forward direction: Integration range Zg, ¢ € [—50°,50°] and 6 € [50°, 70°].
@ Backward direction: Integration range Zg, ¢ < —130° or ¢ > 130° and 6 € [110°,130°].

Bin Volume correction

Some E.Y/Q’z/t acceptance bin do not cover the whole integration range.
Additional correction to take into account the "hole” in acceptance.
The volume covered by the acceptance Vol in the forward and backward direction is calculated.

Correction factor is given: Vol = Volacc/ Volz.

2 sets of volume correction factors for each E, /Q'?/t acceptance bin.

@ Each event is weighted by m / Error bars given by propagating o o 1/ E(I/Acc + Voleorr)? J

O Calculate Arg for generated BH events (without acceptance cuts), and full-chain simulated events.
Difference is assigned as Method Systematic.
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Results (Agg)
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Results (Agg)

1.5 Gev<M<2 GeV R 2 Gev<M<3 GeV
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Arp predictions

Projections from VGG (bya; = bsea

, no D-term)

FB asymmetry (Q'2=4 GeV2, Eg=8. GeV, ¢=0°)

FB asymmetry (-1=0.3 GeV2, Eg=10. GeV, ¢=0°)

AFB

0.4

0.2

-0.2

t[Gev2]

GK model for
GPDs
Dashed: LO
Plain: NLO

@ Sign discrepancies between
VGG code and PARTONS

@ Issue being investigated
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Summary

@ Preliminary R’ ratio and A extracted.
o Systematics investigated, still need for exclusivity cuts checks.
@ Models comparison is under way.

@ Analysis note is also under way (2 more weeks).
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Estimation of the absolute contamination of 7™ in the TCS sample

g 1000¢ s BT
o Use pure uncorrelated background 8 ol —
sample : ol
+ F
ep — eey, (n) so0f-
o Compare effect of cut on the NN 200
output on both samples L b
05 0.6 0.7 0.8 0.9 1 11 12 13 14 15
M, (GeV)
g E 8 osf
[ 1 c E
3 T g E
5 0.05F B Soat
5 N =
E 09F g F
%0.85; // 50‘2; -
5 F o
E 08F /
S s
2O.7‘=:
o.7§{ BDT (6D)
0.65F
oo — MLP (6D)
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Normalized BackGround Strength BackGround Strength
— This method reduces B/S from 0.5 to 0.05 J
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Absolute contamination from ROC curve

_S(X)+x-B
)= Te s m
extrapolated it to x = 0:
_ 59
y(0) = GOEY (2)
The Normalized number of TCS events is:
_ S(x0)+x- B
v() = gt ®
For a given xp, yy(%)—) — 1 gives a good estimate of the ratio ?—Xg—;:
y(x0) S(x0) +x - B
—1l=——— -1 4
¥(0) S(0) @
" (o), _ Sto) 5
y(Xo X0 Xo -
—1= 1 -1 5
y(0) 50) ( i S<xO)> ©
y(x0) B(x0)
— 1~ 6
y© 1 Sto) ©
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MVA comparison (1)

Normalized number of events

SF cut

Fisher

BDT

MLP

Fisher (6D)

BDT (6D)

MLP (6D)

: : Chi2 (Symmetric cut)
E . R R T T R R S R Chi2 (Asymmetric cut)

0 0.2 0.4 0. 0.8 1
Normalized BackGround Strength

s

o)
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MVA comparison (2)

0 0.8
%0.753—
E L
5 07}
20.65_—
06|~ ——BDT (9D)
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NN on electron
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Results (AFB) (3)
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Correction to lepton momenta

$2 01 o 01 02 03 04 05
ap/P

2 01 0 01 02 03 04 05
AP/P

Same effects on positron momenta
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