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Motivation

* Generalized Parton Distributions (GPDs) give insight
into the 3D structure of hadrons

(1+8)P (1=8FP (1+&)P (1-§)r
* Deeply Virtual Compton Scattering (DVCS) and
Dee ply VI rtual Meson PrOdu Ction (DVM P) as Valery Kubarovsky. “Deeply Virtual Exclusive Reactions with CLAS”. In: Nuclear1847 Physics B - Proceedings
techniquesto access GPDs Supplements 219-220.0 (2011), pp. 118-125, o

o With DVMP, both pseudoscalar and vector meson
production can access chiral even and chiral odd ~ o~
GPDs e 4 chiral-even GPDs: H, E, H, E

e Vector meson production allow for study in the e 4 chiral-odd GPDs: Hy, By, Hr, Er

Bjorken regime (-t/Q2 << 1) where GPDs dominate Meson | GPD flavor
* Vector meson production access chiral even GPDs, composition
H and E and chiral odd GPDs, Hrand E; g, 2 T Au — Ad
H E |z 2Au + Ad
H'/'- Er | n 2Au — Ad
oY 2u + d
H B pt u—d
H-,r-_ By w 2u — d
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Meson Production Cross Section (Y*p->p'p0)

epton
scattering-plane

p°-decay-plane

p°—production-plane
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Meson Production Cross Section (Y*p->p'p0)
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Beam Spin Asymmetry Extraction

* Beam Spin Asymmetry (BSA) come directly from the cross-section and allow for extraction of the ratio of the structure

functions
d40' o0® cosd sin® _ -
P — cos o +1/26(1 + €)ot%Pcos® + Py\/2¢(1 — €)osmPsind
d0%dz pdtd® Op + €0, + €0pp~ COS
sin® Ufi}’}?
ot — o— o Ay = V2e(1 —¢) o
BSA — W ~ ALU S'TJ’I(I)

* The structure functions can be described in terms of the two chiral even GPDs H and E and the two chiral odd GPDs,
H.and E;

os? ~ |[ErH + HrE|
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Differential Cross Section(Y*p->p'p0->p'mt+t-)
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Differential Cross Section(Y*p->p'p0->p'Tt+11-)

23 Spin Density Matrix Elements

< E) 1 . :
WY (®, ¢, cos0) = =5 [;2-(1 - + 5(3 1) cos® © 15 unpolarized terms

— \/§Re{ sin 20 cos ¢ sin? © cos 2¢ — € cos 2® (1'}1 in? ©
+ ('.032 O — V2Ref rlf(,F sin 20 cos ¢ —{r1_; $in? O cos 2(;5)
— €esin2® (\/ﬁl {r?,}5in 20 sin ¢ + Im sin” © sin 2¢)

+ V2¢(1+€)cos (7], $in”* O +os2 o — \/§Re"in 20 cos ¢
sin? © cos 24)) + V2€(1 + €)sin® (\/ﬁln sin 20 sin ¢
sin” © sin 2¢)] , W = WU + PbWL

WE(®, ¢,cos0) = # [\/ 1— €2 (\/§Im sin 20 sin ¢ + Im sin? © sin 2¢)

+ V2€(1 —€)cos® (\/§Imi rr(,}lsin 20 sin ¢ + Im *}
+ V2e(1—¢€) sirn@(r?l sin? © +{r5, os? © — V2Re {

- @ sin? © cos 2¢)} : 8 polarized terms

+ Im

sin” © sin 2(,{))

sin 20 cos ¢

.gEff;l:ZGn Lab clos

NN | cSNNEcTICUT




3

Beam Spin Asymmetry (AS"® ) wiswo - &, [§<l )+ 5 688 eo?
— V2Re{r!} sin 20 cos ¢ — 1%  sin? O cos 29 — e cos 20 (rh sin©
+ 1y cos’ O — V2Re{r}y} sin 20 cos ¢ — r}_, sin? O cos 2(1))
— esin 2@(\/§hn{rf(,} sin20sin g+ Im{r? _,}sin’ O sin29)
+ V/2€(1+€)cos @(ri’l sin @ + rf, cos” © — V2Re(r},} sin 26 cos ¢

Amn@ (T[}[]) ~ IM [2 []—I— i Mﬂ'—l— ot 1 M —I——I—M[} 0+] - r‘;’_lsin29(:os2¢) +/2¢(1+¢) sin(D(\/éIm{r?(,}sin2(-)sin¢

~ [ETH + HTE] + Im{r$ l}sirl2(-)sin2¢)],

WE(®, ¢,c0s0) = %[\/1 —62(\/_IHI{T]()}911129§111¢+IIIl{Tl 1} sin® 9%11124))

+ /2¢(1 - €)cos Q(\/élm{rfo} sin 20 sin ¢ + Im{r!_, } sin? Osin 2d))
4+ 1/2¢(1 —¢)sin <I>(r’fl sin” @ 0s° © — V2Re{r}, } sin 20 cos ¢

~ 1§ sin? O cos 2¢)1 :

R&,, leading order term
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: x10” Missing Mass(ep->emt+1t-X) | hmmpro |
Eve nt Sele Ctlo n 100— Entries 1.531999e+07
80 __ Std Dev 0.3376
RGA's Fall 2018 data: -
* 10.6 GeV longitudinally polarized electron beam b
* 86% electron polarization 20f— J
b LiqUid hydrogen target OIII_l I I[)I..'ZL I l0|.4l I 0.6 lOI.BI — !I I ‘I%ZI l I1?4I l I1%6I I I1!8] I I2 MM
Channel:
invariant mass: T+
ep -> epop _>eT[+T[_(p) 40000 hmrho
po decays into TT*TC g Entries 1209606
35000 — Mean 0.8858
The electron, and pions are found using forward 20000k StdDev  0.3272
detector -
The outgoing proton is identified by missing mass 250005_
techniques 2°°°°§_
cuts: Q2> 2 GeV2,W > 2 GeV,-0.65 < cosB< 0.65 19000
10000;—
5000;—
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Kinematics
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Kinematic Binning

5 Kinematic bins are created in Q2 and xB

 Each of these 5 binsis further divided into -t plots

* |neach-tbin, the events are further divided into
9 equidistance bins in ®

* In® bins, each eventis binned into positive or

Q2 vs x;, bins

-Q2,

Illllllllzlllllll:

negative helicity 4 .
- -t for Q2 x,bin 1 ; - )
= —"0 0.1 0.2 0.3 0.2 05 0.6 0.7
5000— /
; s o
40001~ 3600 Lr‘rﬂ"
- 30005— _,_r-J'I-L"IJ
3000— 25005_
B / 20005—
B " [
1000~ 1000—
W 5005—
E ||||||||||||||||||II|III|III :||||||||||||||||||l| NI R
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Invariant Mass with Positive Helicity (Q2xB bin 1)

0<®P<40 J:lO <P< 80 JLSO <P<120 120< P< 160 160< ®< 200 200< ®O< 240 240< P< 280 l280< ®»< 320 320< ®< 360
. | | |
C o L 3
: | 1
o F
<A
d 4-9 ._é'\ i _,‘_AL\- é
H -
a .
5 .
faa) oN
E = ;
o= -L‘vk
—
[
o
m (qp]
E =
g8

Q2xB bin 1
tbin 4

\

l .

.geffe:gan Lab CIQS

NN | cSNNEcTICUT




Invariant Mass with Negative Helicity (Q2xB bin 1)
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Invariant Mass for Positive and Negative Helicities (Q2xB bin 1 tbin 3 ® bin 6)

Invariant Mass of pions Invariant Mass of pions
- ampRho 2073+ 112 | E ampRho 21.014 1.02
- muRho  0.7769%0.0023 | = muRho 07769 + 0.0023
n sigRho  0.1865+0.0083 | = sigRho  0.1865 + 0.0093
e ampf2 3.003+0582 | = ampf2 2,541+ 0.467
c muf2 1.245+0011| T muf2 1.2450.011
- sigf2 01747+0.0262 | C sigf2 0.1747 + 0.0262 ° Bwi1 ———
8 - ampBG 17.07+022 | T ampBG 19.65+ 4.24
Ksi 1252+ 0327 | C ksi 1.252+0.327 ° BW2
— mo 0.28+0.00 | — mo 0.28+0.00
n —
m1 177540017 | & 1.775+0.017 * General Bkg
— E * Total Fit
1 I 1 1 I 1 I M

* Invariant Massis binned into positive helicity events and negative helicity events foreach O bin
* Separate signal from the background with the fits
* Two Breit Wigners were assigned for two mesons

1 N.iT

* An ARGUS inspired function was used as a general background

Fyy(z) = Nbg£3m1—93)2¢ 1- Mexp {—152(1 - LI)Z)}

(m1 — My my — mg) 2
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Ca lcu lation Of BSA Pbis the average beam polarization, 0.8692

Invariant Mass of pions Invariant Mass of pions
: ampRho 21.01+ 1 ° 20.73+1127p
_ muRho  0.7769 % 0.0023 _ 07769 £ 0.0023

0.1865 £ 0.0093

[9p] - .
e A sigRho  0.1865 40.0093
S : s093+0582 | | © BWI
- ; ampf2 2.541% 0.467 093+ 0.
o - 1245+0011| | ¢ BW2 ——
O muf2 1.245% 0.011 245+ 0.
- sigf2 0.1747 + §.0262 0.1747+00262 | | ¢ General Bkg —
ampBG 19.65% 4.24 BmpBG 17.07 £ 0.22 e Total Fit ———

ksi 1.252 £ 0.327
mO 0.28+0.00

177550017 Negative helicity

ksi 1.252 £ 9.327
0.28 40.00
1775+ C

positive helicity

"' IM
\
1 Nt — N~
BSA= ——t
Py N;" + N

* The signal after background subtraction is taken from both invariant mass distributions
o full 4 dimensional space {Q2,xb,-t,phi} in each helicity state
o 270 Invariant Mass plots fitted; 135 BSA calculations in total
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3D Bins {Q2,xb,-t} as function of ®: BSA Inbending

ax bin: 0, -t bin: 0 o gx bin= 0, -t bin: 1
Prob 0 2 o

gx bin=.0, -t bin: 2 ax bin: 0, -t

Increasing -t bins

(7))
c
Fe)
21 <
X| ¢
gl -
wul =
<
(Vp)]
()]

O[]

1 N —N;
P, N;_ + N;

\HW\L BSA ~ AS7® sin®
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3D Bins {Q2

,Xb,-t} as function of ®: BSA Outbendin

Increasing -t bins

| I
——

5 BSAVXI -9

2e(1

21 o), BSAgl‘BSA
' I : I

O[°]
" gbin’ 2, -tbin: :
Prob 03289
pl —0.1305 + 0.0358

5 Q2X, bins

| NS~ Np

. B4 = B NFIN-
b 1V i

BSA ~ A5 sind

BSA /21 —r]IjSA '.
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2D Bins {Q2,xb} as functiop of -t: ASn® , for both in_bending and outbending

5 E Q2x, bin1 2 Q2x, bin 2 2 # Q2x, bin 3
2 =} A 3 + ¢
< ; #
£ ¢ 3 i + 3
—0_42— + + f_ _
osk ¢ + 3 3
= . 0 . ________________ : | | [ S T T i
o - o
3“;— Q2x, bin 4 + — Q2x,, bin g i [ ]
g a2 sin® - 1|
<} + + ; BSA ~ A7 sin®
—ﬂ-4; B sin® Uf}l':}
- - ALU = \/26_(1—6)
osf 2 90
..l...l...l......l...l.E..-I.-.I-..I...-.-.. e
0> 04 066 08 1 12 14 1673 02 04 066 0O8 1
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Systematic Studies




Systematic Studies: Monte Carlo Simulation [ oee  —

HepGen Injected with a realistic asymmetries for positive and negative helicity events *__MC,weighted

..Same binning scheme{Q2,xb} as data _ ,
. T g - e T T o= [6B] nmg_
oot 3 5 " Q2x, bin 1 3 i N
et 2% bi . 2y hi N g Q2x,, bin 2 -3
3 Q2x, bin1 n Q2 bin 2 5_ Q2x, bin 3 - b §
E] 4 ; IS '.I' !3 D;'\rﬁg\la‘l os i =
i3 Q2 “F 3 Xp
nadf= T il [EM) (-] r fi il =7
“£Q2x, bi -3 . >y b :
e b Qx,bin2 i 2 DI 3 “t [lQx, bina . - Q2x, bi
erfe PE | oo 3 b Q2x, bin 2 Xp DIN 3
“E s, ] - J:' " .I-\ ‘I- o - * b H

(£

i

Q2x,, bin g _
Q2xy, bin 5 Electron

‘ Polar Angle
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Systematic Studies: Monte Carlo Simulation [ oe —

*  MC,weighted

[13]
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Effect of the CLAS12 acceptance

6 b oF b oF
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6 oF b oF
= o + oF Cpammmmmmmmes - Red points: BSA extractions from
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. Lawr” . ,*° Black curve: curve used to inject
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Acceptance of cos6

s

ok B EEREEERE

* Low Acceptance was found near the edge of the
cosO distributions
* Acutwascreated -0.65<c0s68<0.65
o Evaluated different systematic values at
different limits to find the best cutting location

e

NN | cSNNEcTICUT

Data Reconstructed

*  MC (HEPGEN) Reconstructed,weight
* Generated (HEPGEN)

* CosB cuts

Increasing -t bins

2X, bins

nnnnnnnnn
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Outlook

* Analysis review recently completed
o Preparation of the corresponding publication is currently in progress
o looking into systematics associated with acceptance of second phi angle,, in decay
plane

* The extraction of the Spin Density Matrix Elements

o Extract using the Maximum Likelihood Method (MLM)
o For MLM, we are looking into injection of background in MC

sind o] 0% 0 U 0
ATy ~ (rgo) ~ IM[2Mg, " My, oy + M§_" My g, ]
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Thank Youl
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Systematic study of non-exclusive background separation

Red points represent BSAs extracted for different missing-mass cut configurations, corresponding to different levels of
background contributions:

e 1-1.2GeVwith 0.1 step

e 21 variations
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-~ = -t bin1 - -t bin 2 - -t bin 3
- ..o 0.8322 | i - I121335| 5 - 0.7842 |
- I Pl —0.1854 + 0.01543 |k o0 —0.2382 + 001678 | p —0.2354 4+ 0.0191

1D Bins in -t: BSA
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1 N"— N~
P, N:'-i-N;

; BSA =

. . . \ \ V o f
M rrob 0.4898 | H oD [EEEER ) o
-t bl n 4 pl 2057 +0.02317 | -t bl n 5 | pd  -0.04006 +0.0285 | -
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1D Binsin -t: g ;-/0, for both inbending and outbending
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Monte Carlo Simulation-Maximum Likelihood Method

 As acrosscheckforthe x2 technique,

we used the Maximum Likelihood S SO SO SN S S S S SN T T O O
Method (MLM) to find the oLT /o0 terms o _ : $!
* The Maximum Likelihood minimizes the E Wy #y T 3 fs i*ét |
nggatlve log qf thg llkellhgod.fur.\ctlon H +* * e b i t * i Q2x, bin 2f Qx, bin 3
without needing kinematic binning SJ ¢ *', ﬂ.% =271 GeviE =272 Gev? | Q’=2.82 GeV?
« Toremove the background, a sideband  __. NONTIN T VO T b NI
method implemented R e - f-
 MLM fits are preformed in each a . *; 3 *+'f X2 inbend
side band E “'{ i 3 * X2 outbend
* the side band results are removed |:-; Q2x, bin 4 Q. bin e MLM inbend
proportionally in our signalregion & XQ::=€..426/ GeVZE_ ,‘Sjii:éf Ge? * MLM outbend
using the ratio of signal to Moy B

-t [GeV?]

background, Fs -t [GeV?]
* Fsisfound usingthe kinematic fit
described by the chi2 method

Includes invariant mass cut: 0.6 <IM < 0.9 GeV
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