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CLAS/CLAS12 N* Program
The N* program is one of the key physics foundations of Hall B I

« CLAS & CLAS12 were designed to measure cross sections
and spin observables over a broad kinematic range for
exclusive reaction channels:

nN, oN, ¢N, nN, n'N, nzN, KY, K*Y, KY*

 The goal is to probe the spectrum of N* states and their
structure

- Probe underlying degrees of freedom via studies of the Q2
evolution of the electroproduction amplitudes

- The N* electrocouplings do not depend on how the
states decay but different final states have different
hadronic decay parameters and backgrounds

N* degrees of freedom?? - Agreement offers model-independent support

for findings

- Data can unravel the spectrum of
contributing states in complementary
manner relative to photoproduction
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K*Y Exclusive Electroproduction
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Study of KY Production in RG-A Fall 2018 Data
D.S. Carman, Jefferson Laboratory
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Study of K*Y Production in RG-A Fall 2018 Data
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RG-A and RG-K - KY Analysis Notes

Hadron Structure Group
Wednesday, 4 p.m.

E12-06-108A

https://clasweb.jlab.org/wiki/index.php/

First Experiment Hadron Structure Group

Run Group K Group
Friday, 8 a.m.

E12-16-010A

https://clasweb.jlab.org/wiki/index.php/Run_Group K

Study of K'Y Production in RG-K Fall 2018 Data

D.S. Carman, Jefferson Laboratory
kyergh-f18-skim4-6.5.tex

July 15, 2020

Abstract
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Study of KY Production in RG-K Fall 2018 Data

D.S. Carman, Jefferson Laboratory
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July 15, 2020
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RG-A Fall 2018 Inbending Dataset

1 . + .
e in ECAL, K*in FD 10.6 GeV
12 4
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O 1L I 11 I Ll 1 1 I Ll 1 1 O :l : - B -. ----- || 1 O
0.9 1 11 1.2 1.3 1.4 ) . 5
B i
MM{eK) Kf Q1 MM(eK) Kf Q2 72 - - - !
F
= - L n " -
8000 EQ#[35-5016ev? Entns 2508887 3500 ER%[50-10.0] Gev? B inaa - PR S S . i ol e i 8 2 1

7000 F i A 3 RS oiosy 7 3 4
1 S AV S S )

I:_ E_ * 2 . .
w0 | \\W;(‘ 2000 F \HJ In this (Q% W) kinematic range

1500 F the RG-A 18 data has:

3000 F C
2000 E 1000 £ « Comparable statistics to elf in the
O e TR CLAS Q? range
0.9 1 1.1 1.2 1.3 1.4 0.9 1 1.1 1.2 1.3 14 N Slgnlflcan_‘_ly eXTendS QZ r'ange Up
MM(eK) Kf Q3 MM(eK) Kf Q4 o 10 GeVZ
Working to develop fitting technique using * Poor MM resolution makes
Monte Carlo lineshape templates to extract separation of A and =0 final states
the event yields challenging
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RG-A Inbending Yield Determination

Q7 [1.4:2.2] GeV? Q? [2.2:3.0) GeV? Q? [5.0:6.0] GeV? Q? [6.0:7.0) GeV?
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Mean
©
“
- =
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- 20 ,/.1—- ‘
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y \\,_ J ) N
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MM(eK) Kf Q1 /W2 MM(eK) Kf 02/W2 MM(eK) Kf Q5,/W2 MM(eK) Kf O6/W2
Q? [3.0:3.9] GeV*® Q? [4.0:5.0] GeV? Q? [7.0:8.0] GeV? Q? [8.0:9.0] GeV?
3,198,27,28 G 1258 ™[ 41992827 e o 7,202,28.28 - e » [ 8.203.28.28 Guies et
- 0 .
=0
o o .
xa o
w w
o L o L
o = o = = o = 5

KX R F R [KEENEXTRF
MM(eK) Kf Q3/W2 MM(eK) Kf Q7 /W2

1) Generate MC templates for K*A and K*Z0 in bins to match the data
2) Fit data with templates plus background function
3) Convolute templates with Gaussian to minimize y? and match MC to data

4) A critical step is to include momentum corrections to position the A and =°
peaks at their PDG masses

Approach:
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RG-A Inbending Yield Estimates

Estimate for full inbending RG-A dataset

@ W | CLASIZRG-A | CLAS12 RG-A Differences between CLAS12 RG-A
GeV? GeV Yield, Yieldspo .
14-22 [17-175 49874 11217 data and proposal estimates:
22-30 |1.7-1.75 68241 10555
30-3.9 |1.7-175 46627 5277 1) Ran at lower luminosity:
40-5.0 |1.7-1.75 24580 1742
50-6.0 | 1.7-1.75 10605 828 Fi=75 nA/40 nA = 1.875
60-70 |1.7-1.75 5148 302 ) o
70-80 |1.7-175 2304 180 2) Lower tracking efficiency
80-9.0 |1.7-1.75 1217 100
9.0-10.0 | 1.7-1.75 525 57 F, =1/(0.84*0.84) = 1.42
10.0-11.0 | 1.7-1.75 208 36 .
14-22 | 1.9-195 56268 28375 3) Current analysis has only FD K*:
22-30 [19-1.95 72871 32774
30-39 [19-195 47440 17568 F;=1.25
40-5.0 |[19-195 24314 6364
50-6.0 [ 1.9-1.95 9914 3110 . *x * -
o079 1919 o e = Overall reduction F{*F,*F3 = 3.3
70-80 [1.9-1.95 2606 720
80-9.0 |19-1.95 1144 324
9.0-10.0 [1.9-1.95 504 316 o o
10.0 - 11.0 | 1.9 - 1.75 172 136 Reduction in statistics compared to
the proposal estimates will ultimately
E12-06-108A proposal estimated limit the maximum Q2 range of the
YIeld in2 W bins @ 1.7 and 1.9 GeV da.l.a analysls (10 Gevz 57 GeVZ)
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RG-K Fall 2018 6.5 GeV Dataset

D
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e in ECAL, K*in FD

187
SEOCEE
1,238
01871

Q2: [0.5-0.9] GeV?

1.2

MM(eK) Kf Q2

Q?: [1.2-5.0] GeV?

1.2

MM(ek) Kf Q4

Working to develop fitting technique using
Monte Carlo lineshape templates to extract
the event yields

Q25a- ------------------------

0 NN N
1.5 2 2.0

In this (Q? W) kinematic range
the RG-K f18 data has:

« Allows for connection of the
regime of low-energy to high-
energy N* structural d.o.f.

 Hyperon final state separation
feasible

Data from 10 runs 6b.5.1 cooking
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RG-K Yield Determination
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1) Generate MC templates for K*A and K*Z0 in bins to match the data
2) Fit data with Itemplates plus background function
3) Convolute templates with Gaussian to minimize y? and match MC to data

4) A critical step is to include momentum corrections to position the A and =°
peaks at their PDG masses

Approach:
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RG-K Yield Estimates

Estimate for full 6.5 RG-K

Q? %4 CLAS12 RG-K | CLAS12 RG-K

GeV? GeV Yields Yieldso
03-081]1.7-1.75 1076760 163460
0.8-141]1.7-1.75 525190 146980
1.4-22|1.7-1.75 247710 71890
22-30|1.7-1.75 91360 14420
3.0-39|1.7-1.75 43560 5760
4.0-501|1.7-1.75 11540 920
0.3-0.8]19-1.95 1344040 870760
0.8-141]19-1.95 558050 330730
1.4-22119-1.95 244210 140490
22-30119-1.95 93310 40990
3.0-39]19-1.95 43360 16680
4.0-501]19-1.95 6280 1440

E12-16-010A proposal estimated
yield in 2 W bins @ 1.7 and 1.9 GeV

Differences between CLAS12 RG-K
data and proposal estimates:

1) Ran at lower luminosity:
F1:75 nA/60 nA = 1.25
2) Lower tracking efficiency
F,=1/(0.76*0.76) = 1.73
3) Current analysis has only FD K*:
F3=133

= Overall reduction F{*F,*F;=2.9

Statistics in RG-K will allow for:

« KY electroproduction measurements
up to Q? = 2 GeV? comparable to
CLAS photoproduction

Daniel S. Carman - CLAS Collaboration Meeting - July 23, 2020
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RG-A Monte Carlo Studies

OSG Submissions

Generator: genKYandOnePion

Q? range: [1.0:10.0] GeV?

W range: [1.5:3.5] GeV

target z range: [-5.5:-0.5] cm
Generated events: 2.5M KA, 2.5M K+3°

GEMC handles decay of hyperons

EG based on fits to CLAS
data up to Q%=4 GeV?

« Current GEMC 4.3.2
simulations have resolutions
that do not match the data
(15 MeV vs. 40 MeV)

« GEMC 440 is set for
release soon and will have
much better energy,
position, time smearing

e'K* FD

MC
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https://clasweb.lab.org/wiki/images/3/3c/Ky-rqa-f18-mc-in.pdf
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CLAS12 CM Angular Coverage

K* forward K* central
1 1 - il
'-
0.8 (i} 104
0.6
0.4
05 107
. K*,
-0 o p,N3A" "/gKYN
g
~0.2 10 5 N
0.4
06 10

=100 o 100

cthkemwvs ¢ F cthkemwvs ¢ C

d
d—g = (o +€op) + €opp cos2® + \/e(1 + €)orr cos® + hy/e(1 — €)opr sin @

 The first analysis objective is to extract the separated structure functions
GT+ €0, 61T, OLT, oLT ih bins of Q2, W, cos 0™, @

 The physics goals are to ultimately learn about the spectrum and structure
of contributing s-channe/baryon resonances

« The CLAS12 Central Detector covers a critical portion of the phase space
for this analysis
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eK*p Topologies - RG-A Data

K* forward, p forward

Favored Topologies

K* central, p forward
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RG-A Beam-Recoil A Transferred Polarization

(Al O%,d0) CLAS DATA ANALYSIS (Lambda) 7.546 GeV x
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RG-A Beam-Recoil A Transferred Polarization
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RG-A Work List for KY Structure Function Extraction

Ongoing and Future Work

Follow the developed
analysis road maps

n cut definitions

4). Finalize electron identification cut definitions

Daniel S. Carman - CLAS Collaboration Meeting - July 23, 2020

« Generate Monte Carlo on OSG to test data-

developed EG genKYandOnePion

When GEMC 4.4.0 is available, generate
sufficient statistics to evaluate deficiencies
of EG compared to the data

Generate Monte Carlo KY templates to
perform reliable yield extractions

Determine acceptance functions to allow for
initial cross section extraction to begin
systematic studies and compare to CLAS
results

Extract preliminary beam-recoil transferred
polarizations for t-channel dominated FD
acceptance

With Hadron Structure Group include:

Momentum corrections
Final binning choices
Radiative corrections
Bin migration studies
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