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Clean Probe For Gluonic Structure of Nucleon

* ¢ meson apure ss state, its coupling to light quarks (u,d) is suppressed (by OZI rule)

 Access to the gluon GPD even at low energy due to it’s flavor content ss

Transverse size
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« Q2 scaling of ¢ production cross section: opens doors to test QCD factorization ( oL ~ 1/Q°, o/oT ~ Q?)
* Change of |t|-dependence with Q2= gluonic radius of the proton

* Search for near-threshold effects linked to intrinsic ss pairs
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Exclusive ¢ production with proton target

* Beam energy 10.6 GeV dependent production from data sets collection during 2018-19

* Analysis strategy: select charge decay daughter ep—> e'p'K+ K- (branching ratio: ~49.2% )
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 Forward Detector (FD) covers the range of polar angles from 5
to 35 degrees segmented into 6 sectors in azimuthal angle

 Central Detector (CD) covers the range of polar angles from 35
to 125 degrees

 Electron selected in only FD while protons and Kaons are
selected in both CD and FD

CLAS12
Forward Detector

CLASI12

R. Tyson et al, Comp. Phys. Com., 290, 108783, (2023)
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Particle Kinematics (exclusive reaction)

» Datasets from Run group A 3 I e RS -
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Fiducial volume for electron and hadrons

 FD, and CD regions with possible reconstruction inefficiencies are removed.

electron ECAL layer 1 sector 1
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* |n the Calorimeter, the edge cuts (lv, lu, and Iw) are applied to remove the inefficient regions (all sectors!)
in the ECALi» and ECALout
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Fiducial volume for electron and hadrons

 FD, and CD regions with possible reconstruction inefficiencies are removed.

electron DC layer 6 (no fiducial cuts) electron DC layer 18 (no fiducial cuts) electron DC layer 36 (no fiducial cuts)
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* The inefficient regions in the DC regions for electron protons and Kaons are removed from
» Similarly for Central Vertex Tracker the small regions in layers 1, 3, 5, 7, and 12 are removed

 Sampling fraction cuts for electron, and energy loss corrections for proton are applied.
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Exclusivity cuts for further refinements
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DVEP Kinematic variables

* Energy loss correction for proton and W > 1.8 GeV and Q2> 0.2 GeV?
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K+K- Invariant Mass Distributions

* (¢ candidate counts from the invariant
mass peak at ~1.019 GeV of KK ~in
ep — epK K™

» Signal: Gaussian distribution

 Background: Exponential+polynomial
3rd order

 Extracted yield as integral of the
Gaussian function

e Exclusive selection: ~5200
candidates from fall 2018 outb alone
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All phi K+K- Invariant Mass all periods of 2018-19 run

 peak at ~1020 MeV, total ~10000 candidates from 2018-19 Run group A datasets
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Extraction of cross-section

Qo

 Divide the sample total sample with
equal statistics in each Q2and t’ bin

Q° [GeV?]

* Currently 5 Q2and 12 t’ bins

« Ineach -t’ binused a InvM ;-
distribution to extract the counts of ¢

t?('a”ef/f)ge [0.01, 0.38] | [0.38, 0.47] | [0.57,0.56] |[0.56,0.65] | [0.65,0.83] | [0.83,0.93] | [0.93,1.11] | [1.11,1.38] |[1.38, 1.84]| [1.84,2.2] | [2.2,2.7] | [2.7,4.0]
Q2 bin edge
(GeV?) [0.20, 1.11]|[1.11, 1.50]|[1.50, 2.02]|[2.02, 2.80]| [2.80,8.0]
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The raw yields

* Without the efficiency corrections!
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Radiative correction for phi meson production

 Based on the codes by DIFFRAD (l.Akushevich, EPJC8:457-463,1999)

* |nelasticity cut parameter vim = 0.02 (J. Santoro, “Electroproduction of
¢ (1020) mesons)

k1 kz k
q
Ph
p p’
a) b) c)

d) e)

 The observed correction is ~30% which is very large! Need further check
investigations!

B. Singh
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Radiative Correction 6gc

Radiative Correction 6gc
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Acceptance Effects within CLAS12

Simulations based on the Argonne ¢ Event Generator tuned to Clas 6 data and ¢ event decay in
rest mass is considered as isotropic (flat distribution)
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Detector acceptance effects

* Without the efficiency for background merging corrections!

Q2€1[0.20, 1.11] GeV? Q?€[1.11, 1.50] GeV? Q2% €[1.50, 2.02] GeV?
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Final reduced cross-sections

* Without the efficiency for background merging corrections!
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¢-decay and acceptance within CLAS 12

* Vector meson with spin 1 possible decay is expected to be a non-flat distribution
Inb data sets

%
E 14
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Markus Diehl JHEP09(2007)064
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MC can change things drastically (Gen only)

 Two generator Argonne group and JLab vector meson event generator (JLab MC) with po like decay

* Inhouse JLab MC has enhanced longitudinal contribution in the cross-section
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MC can change things drastically (Reconstruction GEMC)

* While the reconstructed events have similar decay angle from both MC
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Impact on the acceptance
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Missing mass analysis

 Reconstruct the missing K— peak at ~493 MeV: +- 3*sigma cut around the the peak

K- peak for ep — epK (K™) K+ peak for ep — epK (K™)
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Missing Mass vs Exclusive topology

 Enhanced statistics ~7-8 fold in the missing mass analysis.

 Larger background!

1908 ¢ candidates 13490 ¢ candidates
| | | | | | | | | | | | | | | | | | | U) — | | | | | | | | | | | | | | | | | | I
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Sneak peak: RGK Fall 2018 Outbending (pass2)

 (Charge Decay Channel : ep =2 e’p’d =2 e’p’K+K- (Exclusive Topology)

 EXxp. data: RGK, beam energy 7.546 GeV ~ 4980 ¢ candidates with full exclusive topology (135 runs)

Q2 vs —t Distribution d- Inv mass Distribution
e 6r— o T T | T r T T 1 T T T 1 T T 1 T T T ]
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Summary

e Sofar

- First look at the exclusive ¢ meson production combining all data set from RGA 10.6-10.2 GeV

*Ug') - A ' FallsOUTBDVKpKm
- Established missing mass analysis to enhance the statistics 32500 u=1.020 GeV, 0'=0.004 GeV
u v*/ndf = 4.40 —
B Fit range: 0.987-1.200 GeV |
* Next steps 2000 N, (total) = 5266.1 = 116.7  —
— —+— K'K Inv. Mass —
o _ B Total Fit: Thr.Exp + Gauss
- Development of realistic event generator with SDMEs 15001 } t Signal (Gauss) ]
I £ N D A : Background (Thr.Exp) a
= ¢ \YF------ + 80 |
- Systematics on acceptance and efficiency corrections! 10003_ E
- More data from different energies at 6.4, 6,5, 7.5, 8.4 GeV! i § |
500— 5 _
»  We need - =
O_l_l_tL__J_ TR SN N - RN TN TR TN NN MU SO TN T AU N N R
1 1.05 1.1 1.15 1.2
- Theoretical calculations for better interpretation the measurement M(K'K) [GeV]
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Summary

e Sofar

- First look at the exclusive ¢ meson production combining all data set from RGA 10.6-10.2 GeV

*Ug') f - A L FI.'alII18CI)U'II'BIDVIKpKrrI| - i

- Established missing mass analysis to enhance the statistics 32500 u=1.020 GeV, 0'=0.004 GeV

u v*/ndf = 4.40 =

i Fit range: 0.987-1.200 GeV |

* Next steps 2000 N, (total) = 5266.1 = 116.7  —

— —+— K'K Inv. Mass —

o _ B Total Fit: Thr.Exp + Gauss

- Development of realistic event generator with SDMEs 1500 ! + ,,,,,,,,,,,,,, Signal (Gauss) -

I £ N D S : Background (Thr.Exp) |

. 1Bl e Jd \------ + 80 |

- Systematics on acceptance and efficiency corrections! 1 ooo:— E

- More data from different energies at 6.4, 6,5, 7.5, 8.4 GeV! i i

500— —

 We need - N
O_I_I_tI S

- Theoretical calculations for better interpretation the measurement

Thank you for your attention!
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Exclusivity cuts

Counts

 Proton in CD and
Kaons in FD (less
stat)

 EXclusivity variables
are prior to phi mass
peak cut

Counts

* EXxclusivity cuts

Ermiss €[-0.0075,0.32] GeV

Ptmiss < 0.12 GeV
Mx2 (eK+K-)
€[0.64,1.1664] GeV?
Mx2 (epK+K-) < 0.0075 GeV?2
Mx2 (epK-)
€[0.08,0.48] GeV-
Mx2 (epK+)
€[0.08,0.48] GeV-
cone angles Kp/Km/p < 6
deg
coplanarity < 15 degrees

Counts

Counts

B. Singh
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Venturing into Angular Distributions

It works at a single energy because R comes entirely from the shape of

the K+K- helicity-frame cos 6,; distributions

W(cos Oy) = [(1 - rgg) + (3”00 — 1)cos? QH]

The fit to this shape gives r°*,, with no reference to beam energy at all

60
R —

e(1 —ry3)

The € is the tunable parameter to the beam energy— it is simply the
kinematic value at the mean y and Q2 of the bin

Yp C.1m.

Markus Diehl JHEP09(2007)064
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Full statistics for all runs: momentum and QADB corrections
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Gluon radius extraction

 Based on the PAC39 we can extract the gluon radius by assuming a dipole like behavior of the X

Fit function —

dt 4
(1 , j;;)

3
Extract the mean gluon radius via the dipole mass: m? =

[ .
g <b2>g ‘ mln‘

Mean gluon radius as (bz)g = — % (0.1973 fm)? for different mean xB values
mg T ‘ tmin‘
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The way we can compute directly the R

B. Singh

7-fold differential cross section — exclusive ¢ electroproduction

d’c [ dQ? dxB dt dQ, dQ,
=T, (1/4m2) - [W_UU + P W_LU + S;-W_UL+P;S;-W_LL+S_T-W_UT+P,S_T-W_LT]

P, = beam helicity (£1), S; = longitudinal target pol., S_T = transverse target pol.

Virtual photon flux ', Angular distribution W_UU
(Qem [ 210) - y? [ (1-€) - (1-XB) [ (xB Q?) cos’0 H-WALL +v2cosO Hsin® H- WALT
(o T+e-0 L) +sin*8 H - WATT (same form for W _LU)

Polarisation € oT,o0L W-kernel components
(1-y - Yay?y?) t-integrated diff. WALL(p,® H, ®) WALT(p,® H, ®) WATT(p, ® H, D)
[ (1-y + Jay? + Vay?y?) cross sections built from SDMEs pAa_AA" via Schilling-Wolf formula

|

t-slope parametrisation (o_T,0_L) SDME matrix p
o_T(xB, Q% t) = A_T? - exp(-b_T |t]) - xBA(-n_T) 3 sectors built from
o_L(xB, Q% t) = A_L?-exp(-b_L |t]) - xBA(-n_L) amplitudes A_L, A_T,

- . . . A LTA LTivia
helicity-flip correction: b_T 2 b_T + Ab for off-diagonal SDMEs

: ‘, , SDMEModel:filiMatrix
LT interference: A_LT (real), A_LTi (imag) with slope b_LT, power n_LT In the fitter code

Free fit parameters
ALbLnLIMLLIATb TAbNn T.Im TT|A LT, A LTi,b LT,n LT

Jefferson Lab | DVEP Analysis
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Plan to tackle the MC situation

 Develop multidimensional fit procedure to extract L-T contribution

Simulations
O11>0TT01 5 °** —> ALu [" Other J
observables L und
fil
"5 R 0SG+GEMC

'

Acceptance& other
corrections

Event Generator Raw data
with SDMEs

' l

—» High Level analysis — =»

Or11>0TT-017T5 """
f True values
Orr .
T R = ——, s- channel Helicity
¥~ Minimization ' o1
—
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Closure test for fitting procedure

 Take the generated cross-section with parameters +5 % smearing and expect the fits to return the similar
parameters —> Closure test passed!

. SDME CI Test - CLAS12 RGA Ys =1 GeV
Fit parameters  * OSHE TES *=Marameter pulls

IIIIIIIIIIIIII |||||||| ||||||||||||| |||||||||||
A | A
|
b, | b,
Im, | Im, |
A + 9.89 + 1.56 A
b, + 4.12 + 0.268 b,
Im- |_+_| -4.88 + 27.6 Im
ALt i ALt
ALt | ALt
IIIIIIIIIIIlIIIIIIIIIIl IIIIIIIIIIIIl |IIIIIIIIIIII
— o B 50 100 — - ] - ] - 3

+1o +20  =—Truth lpulll < 1 lpulll < 2 1) /| o

eter value
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Fiducial volume for electron and hadrons

 FT, FD, and CVT regions with possible reconstruction inefficiencies are removed.

. S
u electron ECAL layer 1 sector 1 (no fiducial cuts) electron ECAL layer 1 sector 2 (no fiducial cuts) electron ECAL layer 1 sector 3 (no fiducial cuts) electron ECAL layer 1 sector 4 (no fiducial cuts) electron ECAL layer 1 sector 5 (no fiducial cuts) electron ECAL layer 1 sector 6 (no fiducial cuts) u
[ | [ |
- = 500 = 500 T 500 T 500 = 500 = 500 -
S, ol S, ‘ S, S, 5 S, S, u
[ ] > 450 - = 450 o > 450 = 450 10 > 450 = > 450 u
- Y a ) [
- 400 102 400 - 400 , 400 400 . 400 N, =
: = 2 - . 1
= : 3 350| 10 350 o g ‘ u
[ | W J - : . . [ |
] . § X : : > ; n
[ o : : i [ |
| 10 o 5 g : : : |
. ; _ 10 0 ‘ , 10 ‘ 0 u
[ ' : : . [ |
u . ) o : S L - : : . o ]
] P e — . - 1 : _ ; 1 8 ot : ’ 5 1 i e i ! =
[ dk o BEEE ' it ik SRS I S s R W Y 1 0= e " 0 ' » .
] 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500 u
- Iw [cm] Iw [cm] Iw [cm] Iw [cm] Iw [cm] Iw [cm] -
[ | [ |
- electron ECAL layer 1 sector 1 electron ECAL layer 1 sector 2 electron ECAL layer 1 sector 3 electron ECAL layer 1 sector 4 electron ECAL layer 1 sector 5 electron ECAL layer 1 sector 6 -
[ | = 500 T 500 . T 500 T 500 = 500 T 500 |
u S, S, ‘ - S, S, S, = S, [ |
= 450 > 450 > 450 > 450 > 450 > 450
] —10? o 102 102 — 10° 1o* .
n 400 = 400 o 2 400 400 400 = 400 u
[ | - - [ |
n » 350 . & 350 O 350 - 350 .. ]
= 300 o s 300 : 300 g 300 - b =
[ | N 10 ; - : 10 [ |
m o 250 _ : 10 250 Bt : 10 250 10 250 G m
] ; R 10 ¢ P ]
- 200 : ; u 200 200 # 200 : G -
= . P 150 ‘ : ' 150 {1 s 150 ' 150 - u
. B 2 [ - " - s b ¥ i g : : ; .
- ! f i, 1 100 T i 1 100 1 100+ : . 1 100 HERC 1 m
= 5o HEHE : 1 ' 50 50 i 50 | : =
u ; £ ; Ehe B . n
: . n i L Loy ‘ . P PR Loy : | ‘ . I A I [
= 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500 100 150 200 0 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500 % 50 100 150 200 250 300 350 400 450 500 % 100 150 200 250 300 350 400 450 500 =
| Iw [cm] Iw [cm] Iw [cm] Iw [cm] Iw [cm] Iw [em] L]
[ | [ |
[ | [ |
[ 1

Excluded PCAL cuts for electron

Edge cuts (all sectors): Iw: 0.0-13.5, Iv: 0.0-13.5cm
Sector 1: lw: 72-94.5cm, 211.5-234cm
Sector 1 lv: 67.5cm —94.5cm

Sector 2: Iv: 99-117.5cm
Sector 3: lv: 346.5-378cm Sector 4 lw: 0.0cm — 23.5¢m Similarly for ECout

Sector 4: Iv: 0-13.5cm, 229.5-243cm Sector 5 Iv: 0.0cm —23.5cm Sector 1 Iv: 0.0cm — 40.5cm

Sector 6: lw: 166.5-193.5cm Sector 6 Iv: 0.0cm —23.5cm Sector 5 lw: 193.5cm — 216.0cm

Similarly for ECin

B. Singh Jefferson Lab | DVEP Analysis




Fiducial volume for electron and hadrons

FT, FD, and CVT regions with possible reconstruction inefficiencies are removed.

proton CVT layer 7 (no fiducial cuts)

6 [deg]

6 [deq]

=3

proton CVT layer 1 (no fiducial cuts)

\\‘\\\‘\\\\‘\\ ‘\\\
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150
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| I |
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CVT regions for chi2/NDF is non-flat below the edge variable Fiducial cuts for the layer 1, 3, 5,
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Sampling fraction cuts for electron, and energy loss corrections for proton are applied.

QADB cuts to select the good run/events

s0—

- 40
- 20
B | | ‘ | | ‘ | | | ‘ || | ‘ | | ‘ | L1 ‘ | 0
150 100 50 0 50 100 150
¢ [deg]

7, and 12)

Singh
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Electron sampling fraction (spring 2018 inb)

* To reduce the contamination in the electron sample we enforce +- 3 sigma cuts on E/P distributions and

PCAL E/p vs ECin E/p diagonals cuts to separate possible pi- contaminations
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Background under the signal

e Production of A*(1520,1830) can lead to contamination in the phi DVMP channel

l;l 2.8_|_ [ | [ IlJ || | [ | | [ [ [ | I [ [ || | I | I| | | | | : -lUE) J_ I I I [ [ [ | [ [ [ [ [ [ [ [ [ [ [ [ [ [ [ _L
3 f :'f \ . ] —jeso 322000 * -
: o 6L |I lﬁl I L _— O - 7
%_ ' { % . ‘ ' I| ' 'flllﬁ ll "' Il i ; —t+— K'K Inv. Mass |
5 | | I|| | 11 | | | || .|| . lfl_ 200 2000_— + __
24 || | | I TII! | _
11 ||| i ﬁ.p ]
2.2 ..\ h|'| b | 1500- + 5, ;
TIR. “ - v % |
LHI' i o _
2 B b d #ﬁ )
100 i H ¢ . -
u ¢ w# g# _
1.8 ] , RO :
500_— A \\\“ —
1.6 >0 - > \"*o.-, -
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Ap[GeV]

Energy loss corrections RGA (spring 2018 inb)

Here spring 2018 (Fall 2018, spring 2019 1. Hayward see slides:

CD proton Apvsp

0.2

0.15

0.05

01|

Ap[GeV]

Ap[GeV]

Ap([GeV]

Ap[GeV]

10?

w p=A+B-p+C-p*

CD proton Apvs pin 6 <40.0°
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0.2
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1] 1]
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Benchmark: Fall2018_inb proton energy loss correction
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Benchmark: Fall2018_inb proton energy loss correction
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Corrections as function of theta (inb fall 2018)

* Final corrections for different momenta : From Tim othy ;
: Central Detector Energy Loss Corrections :

A pvs 6 (proton, CD) - g9y .
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Corrections as function of theta (inb sp2018)

e Final corrections for different momenta

Apvs 0O (proton, FD
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Corrections as function of theta (inb and outb sp2018)

e Final corrections for different momenta

Inb

Apvs 8 (proton, FD) A p(6, p FD, sp2018 inb)
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Energy Loss Correction: RGA Spring2018 inb

Ap=A+B/p+ C/p
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Energy Loss Correction: RGA Spring2018 inb
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