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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 its 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

B. Singh Exclusive ¢ electroproduction | EMMI Workshop @CERN



Exclusive ¢ production with proton target

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

* Analysis strategy: select charge decay daughters ep—> e'p'K+ K- (branching ratio: ~49.2% )

CLAS12
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 Forward Detector (FD) covers the range of polar angles from 5 R
to 35 degrees segmented into 6 sectors in azimuthal angle =

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

* Electron selected in only FD while protons and Kaons are | 1 | Il
selected in both CD and FD R. Tyson et al, Comp. Phys. Com., 290, 108783, (2023)
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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

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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Run Group K: 6.5 and 7.5 GeV Beam Energies

« 6.5and 7.5 GeV fall 2018 data, Q2>0.6 GeV2. after all fiducial cuts and sampling fraction cuts for electron,

energy loss correction for proton, 3 sigma exclusivity cuts

o Statistics is too small
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Extraction of cross-section: RGA and RGK binning

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

* Currently 5 Q2and 12 t’ bins

e Ineach -t’ bin used a InvM ., distribution to extract the counts of ¢

RGK
N 8 : B 6 _
%J 7__- __102 %) i -
S ? S o5 il e
G Og : [« 2NN R 10
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Simulation vs Data

* 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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Final reduced cross-sections RGA

* Without the efficiency for background merging corrections!
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RGK Efficiency corrected cross-sections

Yields (arb. units)
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RGK Acceptance corrections
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Impact of acceptance correction
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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
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Total Cross-section, normalized SDMEs

» A generic cross-section depends on both SDMEs and the o; and o

[UT(Qza L B t) + EUL(Q27 LB t)] W(SDME(Q27 LB t)7 COS 07 (I)a ¢)
» Schilling-Wolf form
W( COS 07 ¢7 (I)a &, Pﬁ) {’r%}) — WUU + Py WLU

with 23 SDMEs as free parameters:

e Wyu (15 unpolarised-beam SDMES) rog, Rerlg, r‘f‘l , (@ =0+4); ri;, 750, Reriy, 7’% 1 (@=1);

Im'r%o, Im’r%,_l (Q( — 2) 7'11, 7'00, Re'rlo, 'ri) (Q( = 5) Im'rlo, Im'rl 1 (Oz = 6)

e WLy (8 polarised-beam SDMEs): Imr3,, Imrl,_1 (a = 3); Imr7,, Imrl’_1 (a=T7); 73,78, Rers,, ri_l

(¢ = 8).
* M. Diehl (JHEP 09 (2007) 064)
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Closure test: to check if the fit works

 Only event at the generator level!

Extract shape 23 rg‘

Generator (truth)+ Flat MC Per Bin Maximum Likelihood

weight x Wew X (07 + €07) Fit, (BruFIT) 23 r;

Rosenbluth separation
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DVEP kinematics with Heuristic SDMEs

 Take 10.6 GeV CLAS12 setup
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Fits in Q2 and t bins (36 points)
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Extracted SDMEs (sims only): S+W notation

Closure summary (Schilling--Wolf): pull (top) + truth vs extracted (bottom)
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Extracted SDMEs (sims only): Diehl’s notation

Closure summary (Diehl): pull (top) + truth vs extracted (bottom)
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More energies: path to LT separation

Closure-sim DVEP kinematics across RGA+RGK energies (normalised, merged 36-bin TreeData)

1 E=10.2 GeV 1.6 1 8 -
2.5 1 E=6.5 GeV 144
—1 E=7.5 GeV : 71
2.0 1 124 | 6 -
1.0 5
1.5 4
0.8 - 44
1.0 - 064 | 3 1
0.4 4 2 -
0.5 1
0.2 14
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1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.10 0.15 0.20 0.25 0.30 0.35 0.40
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0.16 A e LI P R fes
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L-T separation in each (Q2,t ): S+W'’s notation

L-T separated in each kinematics bin, extracted intercepts and slops for < € >

o)
Path-1 (normalised) — GENUINE 23 Schilling-Wolf r* pull summary (native fit params vs SW truth from injected u's; 99 bin-fits/param)

B SW r® mixes two Diehl u's (genuinely differs) % SW truth

B 1:1 with a Diehl u (SW=Diehl)

(pull) £ opu

0.4 1

0.3

0.2 1 *

::i; 0.1 - + + * .
0.0 w G W ¥ | e
o TR : ¥ x " . ¢ ¥ ® * L
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L-T separation in each (Q2,t ): Diehl’s notation

 L-T separated in each kinematics bin, extracted intercepts and slops for < € >

Path-1 (normalised) — full L/T-SEPARATED pull summary, all 23 SDMEs (Diehl notation; the 3 a = 04 combos split into 6 T/L parts)

B T-sector (sep.) WM |[-sector (sep.) W c-independent
4 -
2 O O PSP SURTRTOTR: OSSR SSPPRR
bi -
Ho g __ -_ N Iy ey e __________lIIz . __________ | s . J _________________________ S B AU T
= ° r | T
=]
o
_2 P 1 5 Y | SR o s e
—4 -
per-bin @® bin-meanzxspread % truth
0.4 -
0.3 ] % +
021 &
g *
o 0.1 + ﬁ
S ¥ % #
. | sk % 5 > ' L &
0.0 * T p+< ¢ 3% * ¥ | A lf 7t
—0.1 - ’% % %{ é{
—0.2 -
s S 39 7 St 3 o LF Iy o3 ™ o7 N
N [+ NS 3 3 3 N S Lo S S 3 N N 3 N » S IS S 3 3
> & > & h & 2 / £ ? ! £ N £ £
oS 2 S £ S S
S N N S N S N S
g & & & £ & £ §
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Diehl’s unnormalized SDME and Rosenbluth Separation

« A generic cross-section depends on both SDMEs and the o; and o

[UT(Q27 LB t) T GO'L(Qza LB t)] W(SDME(Q27 LB t)7 COSO) (I)a ¢)

» We can absorb the 0; and o into the normalization of the W distribution
Wunnorm(Q§ 5) = (07’ + EUL) WSW(Q§ {T%}a 5)a /Wunnorm df} =or +€oL.

« Advantage is we don’t need separate modeled functions for o; and o but calculate from the form of Helicity
amplitude/SDMEs

 Here: Each (Q?, t') bin is fit with the 28 unnormalized uMvv'}_{uu'}, including the trace parameters that carry the
Cross sections:

S S 00 _ g+t 00

physical degrees of freedom

The fit loads 28 free parameters, but they sit on 25 independent
* Three are tied by the natural-parity / symmetry relations Diehl uses (e.g. ut+-_=u*+,;). So eventually only
independent dof: 25 (unnormalized) vs 23 (hormalized)

 The 2 extra independent dof (25 vs 23) are exactly the absolute L/T scale that SW throws away — carried by u++../u+
+0o0 and the L-partners. No assumption of the SCHC —> try functions (Q2, t, W)
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BruFit based maximum likelihood fit

Per bin, the extended negative log-likelihood over the Q= (cos 6,¢,dP)(and the per-event €) is

Obb

Wannorm (£2i; €;
—InL = Z In ( - ) (Nprcd — Nobs In Npred) ; Nprcd — Klumi/Wunnorm U(Q) ds2,
pred

Where the second bracket being the Poisson (extended) term. The normalization integral is evaluated by
Monte Carlo over the high-statistics FlatMC sample

Q. = (cos O, p, D), — the three decay angles of event $i$

¢; the per-event virtual-photon polarization, a fixed number carried by each event (not a parameter). It tells
W how much longitudinal photon flux that event had.

W inorm (€255 €) — the model intensity (the Diehl angular function built from the 28 u's). "Unnorm" =it is not
rescaled to integrate to 1; its overall size carries or, OL.

N,req the model's predicted event count in the bin.

Kiumi — the per-bin luminosity factor required to convert cross-section to event-counts (required for the
Generator)
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Extracted parameters after Rosenbluth separation

* Only Diehl’s notation here

Unnormalised + Rosenbluth (Method A): separated Diehl SDMEs vs truth

6 1 |After L/T separation: ---- ideal (pull})=0

or = 1.003+0.018 (truth 1.000)
o, = 0.499+0.036 (truth 0.500)
44 |R=o0/or =0.498 (truth 0.500)

pull (U — ut™th)/g

0.4 - per-bin (separated)
g % truth
® extracted (separated)
0.3 A *
. %
3 02- T
w
= 5
n  0.1- 4
3 * L %
© o S ' :
5 0.0 % -« % , L
8 ) * * . LK x L
U') \‘.:‘
B ?
—-0.2
I I I I I I I I I I I I I I I I I I I I I I I
o 8s ++ +g - +o ++ +g ++ ot ++ o - ot s 3 [ - ++ i ot 23 23 4 Iy
=l > B 5y '31 £l 5 £} S E] % S S 5 :§ = =3 +3; ':; +:; c'):,i 3 ::%’ ] .3; +:; s 1
| < 2 i 4 I I | £ + E I I E £
I T+ o o 51 s o3 %S
=l S X El El S E) E)
2 2 & E E E E
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Neural Posterior Estimation (NPE)

* Train a neural network on simulated (SDME — data) pairs to learn the inverse

 @iven observed data, NPE returns the posterior over SDMEs — with calibrated uncertainties, no per-fit
likelihood maximization _ o
Train ¢ by maximizing Z log g,(u; | x)).

* Training stage —

SDMEs priors (u)

| Forward model Conditional
23 (normalized) X: data from u normalizing flow
b+ M - r(u,€)+ noise go(ulx): SBI

25 (unnormalized)

_ o1 *
u=Ty(z]x),  ag(ulx) = N(T;?) |det 23z

* Inference stage —

N events Measured bin

Neural flow g, (u | x) Posterier qo(ulx) —>u * o
cos(By, @, D) covariance

* For event-level-extraction: unbinned data, the SDME function ue(Q?,1’), likelihood-based NN fit
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Extraction (sim only)

NPE pull summary (28 Diehl SDMEs, constant truth, eps=0.65, 2000 ev/bin) -- overall pull RMS=0.83

B (pull) £ gpu (toys)

pull (U — utruthyy
N
-
-
il
.
-
h—?—ﬁ
-
=
=
=
S
—~
+

¢ * truth

0.4 A * ® NPE extracted (meanzxspread)

0.3 A %
0.2 *

SDME value

0.1 - ;\g *
0.0 - — S % S S S S S
| w W 3% "

—0.1 - * *
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it +y ++ |+ ++ + 4 t+ | +
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Event by event extractions

 Kinematics dependencies, event-by-event extraction, with stress functions given by Harut

00 _ o —A4t ++ _ -2, -2t 00 __ —1_—4t 00 __ —2 _—4t
Ugg =3€ -, uir=Q ‘e, wuy, =-05Q e, ui, =02Q %,

EVENT-LEVEL fit on harut2 truth (large sigma_L): extracted (solid) vs truth (dashed). Per-bin MCMC gave sigma_L 1.9 - 0.36; does the rate term hold it up?

udd =3e~4 (sigma_L core) [RMS 0.314] o, [RMS 0.259] R =0;/or [RMS 1.001]
\\ — 02=1.5
\\\ — QZ=26
204 —— Q?=35 2.0 -
\ —_— Q2=4.5
1.5 - 1.5 -
1.0 - 1.0 -
0.5 - 0.5 -
O.O 1 1 1 1 1 00 1 1 1 1 1 1 1 1 1 1
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
|t| |t |t|
ur+r =0Q72e~2t [RMS 0.026] or [RMS 0.157]
0.6 - 0.00
0.5 - —0.05 -
0.4 - —0.10 -
0.3 1 —0.15+
—0.20 -
0.2 -
—0.25 -
0.1 -
—0.30 -
0.0

0.2 0.4 0.6 0.8 1.0
|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 S : 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

- Established missing mass analysis to enhance the statistics ;%2500;
* Next steps 2000?—
- Development of realistic event generator with SDMEs 1500;
- Systematics on acceptance and efficiency corrections! 1 oooz—
- More data from different energies at 6.4, 6,5, 7.5, 8.4 GeV! 5005_
 We need g :
ol b |

- Theoretical calculations for better interpretation the measurement

Thank you for your attention!

Exclusive ¢ electroproduction | EMMI Workshop @CERN

A

Fall18 OUTB DVKpKm

u = 1.020 GeV, o =0.004 GeV
v*/ndf = 4.40

Fit range: 0.987-1.200 GeV
N, (total) = 5266.1 + 116.7

—4— K'K Inv. Mass
Total Fit: Thr.Exp + Gauss
Signal (Gauss)

------- + 80




Spring 2019 inb (S+W'’s approach: CLAS12 data)

Data per-t’ extraction (Schilling--Wolf, sp19 inb): Q2,, =1.13 GeV?

0.2

. } . | 0.1 } >21 ¢ 3 01 }{ {
0-31{{{{{ i }}}{%{ ﬂﬁ%% oo ) 1 | ool by

o T ’ L o

0.1 A —0.1 A —0.2 A

mrii
0.2 0.21

0.1~ { {

P I T RO T
T I T T O L e

—-0.2 A { —0.2 A { ] | } }

—-0.2 —0.2 A
-0.21

0.10 A
0.2 1

0.1—{{} { 0.05_{{{ } 0:1_I 0.1 { 0.1 { {

'
u>J 0.0 IT ! 1 ! } } } { 009

: It 1 i 0.00 t } 1 R 0.01% P t g

7 01 { ~0.05 - } ~0.1 }{ { } { ol §| -o1- }{} {

N 24 ¢
0-0 ' } 0.01 11 I { o011 } } oo—}
TR 1 I I % 1 Tt

1 » 0.4 {
0.0 . {{{ l { 0.2

—0.4 —0.2 4

—0.4 1

-0.34,

—t' [GeV?]

Exclusive ¢ electroproduction | EMMI Workshop @CERN



Spring 2019 inb (Diehl’s approach: CLAS12 data): first look

Data per-t’ extraction (Diehl, sp19 inb): Q2,,=1.13 GeV?
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Particle Kinematics (exclusive reaction) for RGA

« Datasets from Run group A = e [Rasansasny -: '
(10.6 & 10.2 GeV beam) = :
e Torus -1 (inbending ) Spring &
Fall 2018, and Spring 2019 o : R
* Torus+1 (outbending ) Spring 8 S ot [ =
& Fall 2018
= F31[18 outb ZZZ
Sp18 outb oof
— Spjg|nb N 6p(G2V/C$
ms SP18 inb _ _ S S .
s Fall18 inb 3 3 8 oo A 'H f Tﬁjﬁji’ L EE
. oot PRI UL YD 4T
e Minimum cuts ooost- | 'I| '|!' !.V \“: ‘i'
o 11 . { I F !
Pe>1.5 GeV in FD
Pp>.4 GeV in FD and CD ) | e
0.2<pk>7.5 GeV in FD oo
Vertex for all particles oooef
-8Cm < vz< 2 cm 0 | i/ oy oiooi o
1 2 3 4 p(geV/C) 01 02 03 04 05 0.6 e(zr7ad) 0 1 2 3 4 5 ¢(Sad)
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Particle Kinematiqs

X1l0l L]

e Fall2018 6.5and 7.5

GeV

e Electron mom
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differs from each other

e Possible smal

er theta

contributions In the
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more
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More energies

(pU”) * Opull
I
N
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Closure pull summary (Diehl) across RGA + RGK energies
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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

Q2€[1.63, 2.15] GeV?
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Detector acceptance effects RGA

* Without the efficiency for background merging corrections!
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RGK Efficiency corrections: acceptance using Argonne Gen

Acceptance A(e)
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SW< Diehl’s approach

» A generic cross-section depends on both SDMEs and the o; and o

Diehl LHS combination = Schilling—Wolf RHS
From eq. (4.20) : Wyu, real

u&o f Jgf ud) » = T0o
u:i = 7‘%,—1 - Im"'%,—l
Re ugg, = —T50/V2
Re (u “'jr —u;i +2€u8§) = 2Rer{)
Reu” i = Reri, —Imr?,
Re (u8; = ugi = V2(Imr%, + Rer3,)
Re(ull +eug =
Reu®? = rq

0+ —0 — 0
Re (ugy + ug, = —V2r}y
Reug," = (Imrf_, — 7'?,—1)/‘/§

00 _ 1
uU_ = Too
Re ufg_ = Reriy+Imri,
Reug = —(mrf_,+r§_1)/V2
ut = ri_;+ Imry _,
From eq. (4.21): Wru, imaginary

Im (ugi = uaf = V2(Imrl, + Rer$)
Im ug = r8,/V2
Im (ult —ulY) = —2Imr{,
Im (ug ugi = V2(Imr], — Rerf)
Imu_ = —Imry_,
Im (uglL + uo_f = V2rf
Im g, = (Imr{_,+rf_,)/V2
Imu(')’: = —(Imr{_, - 7’%,—1)/‘/§
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Exclusivity cuts for further refinements
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Generate the simulation 500 K events
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E=7.5 GeV (avg 36 bins)

Diehl correlations across the RGA+RGK energies
E=6.5 GeV (avg 36 bins)

E=10.2 GeV (avg 36 bins)

Correlations plots
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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™)
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Missing Mass vs Exclusive topology

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

 Larger background!
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Exclusivity cuts
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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
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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

+10 +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
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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
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Fiducial volume for electron and hadrons

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

proton CVT layer 7 (no fiducial cuts)
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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
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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
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Energy loss corrections RGA (spring 2018 inb)

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

CD proton Apvsp
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0.05

0.2

0.15 0.04

Ap[GeV]

A_p value

0.1 0.03
10°

0.05 0.02

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

-0.01

-0.02

|
(=}
N

—-0.03

CD proton Apvs pin 6 <40.0°

CD proton Ap vs pin 42.0° < 6 <44.0°

-0.04

A\I\\|HI\‘HH‘H\I‘\I\\|\\I\‘HH‘H\I‘\IH“\I\

Ap[GeV]
Ap[GeV]

L1 ‘ L1 1 | L1 l L1 1 ‘ I ‘ | ‘ | ‘ I ‘ - | L1 ‘ 1

40 42 44 46 48 50 52 54 56

-0.05

proton_CD:B_pvs 6

0.05

0.04

B_p value

0.03

0.02

Ap[GeV]
Ap[GeV]

0.01

-0.01

-0.02

-0.03

-0.04

o
4\I\‘|\H‘\H\[H[\|[\I\‘I\H‘HHMIH“\I\‘I\H

-0.05

0.2

Ap([GeV]

0.15

Ap[GeV]

proton_CD: C_pvs 6

0.1

0.05

0.05

0.04

1]

C_pvalue

Al

0.03

0.02

0.2 0.4 0.6

0.01

CD proton Ap vs pin 6> 60.0°

-0.01

Ap[GeV]

-0.02

-0.03

-0.04

o
f\\H‘[\H‘I\\|‘H\\M\[wHI\‘IHI‘HHMHWHI\

| ‘ L1 1 | L1 1 | [ l I ‘ I ‘ | —— ‘ I — ‘ - — | L L I L

—0.05 40 42 44 46 48 50 52 54 56

Exclusive ¢ electroproduction | EMMI Workshop @CERN



Benchmark: Fall2018_inb proton energy loss correction
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Benchmark: Fall2018_inb proton energy loss correction

proton_FD: A_pvs 6

e FD
o From Timothy
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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)

A pvs 6 (proton, CD)

0.03

L 8 et /A s I ¥ -] S S OO OO O S S S T T ] | L AL B
S [ = - —— p=0i40 GeV 1 o - "rf==r p=0.75 (fit from figure) . S - ’ —— p=0.40 GeV ]
2 T +— pooma Gy 1§ Q4B e O fithom figorel | e gopl o T PIOTSE -
< i N p=10keY S S ] = 5 5 5 5 5 _ L e < - — p=1 ; -
0.041 =175 GeV, | 0.04 e R poenennznnn 0= 1.75. (fit from figare) ... B —— p=1.75GeV .
- . — : : : : 27 it : £ N —— p=2.75GeV ]
| : : : EmpEEm e : * * T A A T |
B i 0.035 = eveeeeenn e SIS TS . P=< 5(|tr?’.|gure)’; 0.011- ~
0.03— — = - .
- - O n ----- e e R n -
" - = s s s s e O~ -
- i 0.025 g S A —— A g S I S - .
[ . ) . : ‘o' : o* ? | .
0.02/— - = Timothy’s analysis .-~ .7 .- - .
i - 0,02 s e S e e oot ~0.01— -
| | — ~... ,"‘E' ":¢ ':’¢¢ : :
0 01— n 0.015 .:—‘.."'n..._____.--"‘ """""" “»"" ;;; “'“‘ """ = - 7]
“L i SR s o : e _0.02|— —
- - 0.01 _FT‘..."-.._ """"""""""" 1-"'---"" iii '__,-"' """"""""""" — =
— . . . . : : _ ._.'.:::'...E. .---....: .......... --“_:_-- --‘-'-E--- : :
_I | L | L | L | L | L | L | o | I— 0.005 :_......'.-.-........'.’.'-'..H.F--:::::::::.--.IF‘----n ..................... ..................... _ N n
0 5 10 15 20 25 30 35 40 enll R T SN SN N NN TN TN SN AN N T TN S N NN TN SN SN AN TN SN SN SN AN N TN TR SN NN Y N N 0.03

5 10 15 20 25 30 35 40
0 [deg] 0 (degrees)

A pvs 6 (proton, FD)

A pvs 6 (proton, CD)

;' 0.03_| | T T 1 | I | I | T T 1 | I — | I | I — |_ ;' 0.03 —— | R R EE |

o - = = ' —— p=040GeV _ 4 =2 003 © - ; ; ; -

— - : o= 075 4 4 O] L —+— p =0.40 GeV -

o [ T p=0 - = N —i— p=0.75GeV N

<4 0.02 5 S (AR —p_GeV """""""" o 0.025 2  0.02 T e = 1,10 GV ]
— : : : p= 1.75 GeV - o < : :

L é - 2758 . 0.02 N —— P=1.75GeV Z

B g g Po= - - —— p=275GeV ]

0.0 =i s o - 0.015 Q.01 ]

= - 0.01 N .

- i O ]

ol— ] 0.005 - ]

: Outb - B E

_0_01__ ................................................................. S OOt SOU RSOOSR I __ -0.005 B _

-0 02_| | L1 | L1 | [ | L1 | L1 | [ | [ | |_ -0.015 N :

' 5 10 15 20 25 30 35 40 -0.03" :

0 5 10 15 20 25 30 35 40
6 [deg] 0 [deg]

Exclusive ¢ electroproduction | EMMI Workshop @CERN



Energy Loss Correction: RGA Spring2018 inb
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Energy Loss Correction: RGA Spring2018 inb
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