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Experiment Overview

Description

= Electrons accelerated by CEBAF scatter off a liquid
Hydrogen target at low scattering angles through the
exchange of a quasi-real photon at Q% ~ O

= Detect the recoil proton and the e*e” from the decay
of J/Y

= Experiment 12-12-001 was approved for 120 days of
beamtime on CLAS12 at a luminosity of 103> cm-? s

Physics Goals
» Probe the distribution of color charge in the nucleon
= Measure the t-dependence of the differential
cross section of J/i photoproduction

= Study the production mechanism of J/i near
threshold
» Measure the total cross section as a function of
photon energy
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Particle Identification class

ECIN vs. PCAL SF (Positrons) ECIN vs. PCAL SF (Pions)

h_peal_vs_ecin_sf

h_peal vs_ecin_sf2
Enries 39113
Meanx ~ 0.0701
Meany  0.08674
StdDevx 0.04703
StdDevy 0.04071

* For ete detection with (p <5 GeV)....

o Accept electrons & positrons that pass the 5o
sampling fraction cut

o Keep the same HTCC photoelectrons (2) cut &
PCAL minimum energy cut (60 MeV) from the
CLAS12 event builder

* For proton detection...
o Restrict to forward detector for J/i : .
o Accept protons that pass the vertex timing cut o W80 Gz 0w 0B 0 Do

.. POALSF
from FTQF tlm_lng MC distributions for the PCAL and ECIN sampling
° For e+ detection with (p >5 GeV) e fractions for real positrons and mis-identified pions

o For positrons, utilize the Boosted Decision Tree
output value cut (-0.01) from ROOT’s multi-
variate analysis package. The following variables
are used: PCAL E/p, ECIN E/p, ECOUT E/p,
PCAL 2 Moment, ECIN 2rd Moment, ECOUT
2nd Moment

*  Fiducial Cuts For e+e-

o PCALLV>14cm

o PCALLW >14cm

«  Momentum Corrections

o Radiated Photon Corrections To e+e- oI

o MC-Based Proton Corrections MC distributions for the PCAL and ECIN 2nd moments for
real positrons and mis-identified pions
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Event Selection For Quasi-Real Photoproduction
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Establishing criteria for event selection is done to understand the measurement of the undetected, forward-

scattered,(Q? ~ 0) electron after the exchange of a quasi-real photon

Transverse Missing Momentum X For
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Using Radiative Photons For J/psi Reconstruction class

*Electrons and positrons from the decay of ‘/\/\/\/‘/\/\A y

J/psi lose energy, which can result in radiative

hotons depositing energy into ECAL. dTheta (Degrees)
- = hidTheta
_ = Stdbev 07581

*Photons are selected by applying a 0.5° cut 120/

on d¢ ? d6 represents the difference

0 = between the photon angle

*Application of this technique results in a *E and the electron angle
stronger J/Psi mass signal as well as cleaner =

20

quasi-real photoproduction distributions

P I i i P o =Y Vo
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*There are several sources of radiation seen

in the dPhi vs. electron momentum plot that is 6Phi (Degrees) vs. Momentum (GeV)

expected due to the Solenoid field R eI —— ;T“P“;E;g
P (Momentum) g — . T ’ ’ Meany 4887
*Work is on-going to understand MC vs. data | . S Sodery saon
difference “F e \
*More photons from this effect can be found ~ »-| § Memenmmotthephoton :
by looking for neutrals with PID==2112 ol 2
(neutrons) due to misidentification from ECAL -
timing association S R ;
ol et 1 I Y el 2 ’ ) ° 8 " Electon Momentum (Ge\).
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Momentum Corrections Studies Using Exclusive Reactions
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Work is on-going to parametrize electron and positron momentum corrections as a function of momentum using exclusive reactions
such as J/psi and missing neutrons

Invariant Mass
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Effect of e- momentum on J/psi peak position
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Invariant Mass e+e- (30 Bins)
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Systematic Effect Of Bin Size For Invariant Mass Ck)goa

The invariant mass was analyzed for varying bin sizes when combining the Fall 2018 and Spring 2019 datasets. This is important

for studying the fit of the peak and the background.

Invariant Mass e+e- (20 Bins)
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J/psi Photoproduction For RG-A Fall & Spring Datasets  ClaS#®

Invariant Mass e+e- (RG-A Fall 2018) -tvs.E  (RG-A Fall 2018)
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Procedure for Differential Cross Section Calculations clas

* Define the binning for the photon energy and momentum
transter

« Study the (E,, |t — tjuin|) distributions to determine the
average |t — tyin| & E, for the individual (E,, —t) bin

* Use MC to study the reconstruction efficiency using fine
binning for (E,, —t)

* Calculate the sum of the real and virtual photon flux

* Extract the # of J/psi events in each (E,, —t) bin

 Calculate the efficiency for each J/Psi event and use the
average value as the efficiency for that (E,, —t) bin or weight
each event and take the sum as the yield

* Quantify the integrated luminosity based on the
accumulated charge for the analyzed data




Invariant Mass For Individual (E, -t) Bins Chgoa

Momentum Transfer vs. Generated Energy (GeV)

« Binning was developed with
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t-dependence for the differential
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events but not enough to do
good quality fits
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N(J/psi) Calculation Strategy For Low-Statistic Bins
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*  Special considerations need to made for bins with low statistics since a direct fitting of the Gaussian and polynomial is not practical
*  One method is to fit the invariant mass for an entire photon energy bin and use the background fitting result to calculate the

number of background events. The difference between the total number of events and the background would be the number of

J/Psi events
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Quantifying N(J/psi) Systematic Uncertainty With MC  ¢joSs

High-statistics MC can be used to study the systematic uncertainty for this method. For example, each j\/f] Jp = ng —C x N }tl
histogram contains roughly 26 total MC events with 19 +/- 4 J/psi events & 7 +/- 3 BH events. Each histogram

contains completely different MC events in the same photon energy and momentum transfer range. The plan

is to produce large quantities of these histograms to quantify the systematic error for this J/psi yield calculation

method.
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40,
It -t min| vs. E Distributions (10.1 GeV to 10.6 GeV) clasy
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For the differential cross section study, the distribution of —t vs. E is studied to determine the correct position of It —
tmin! for each bin. For example, the distributions below correspond to the 10.1 GeV < E <10.6 GeV energy bin.
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40
J/psi Reconstruction Efficiency & Photon Flux class

J/psi Photoproduction Efficiency ProjectionY of binx=24 [x=10.04..10.12]
& 5 slice_py_of_event2
s C o1 = Entries 11534
&L C ! > . Mean 2.326
¢ w/ weighted cross o StbDev 1054
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E— 0.04 -
- - : : : : : : : _|__|_
: 111 I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 |
10 105 0.5 15 2 25 3 35 4 45 5
Photon Energy (GeV) -t (GevA2)
i 1 (Bl Real (Red) FI i .
Virtual (Blue) & Real (Red) Fluxes With 10.6 Beam Energy Virtual (Blue) & Real (Red) Fluxes With 10.2 Beam Energy
]
Entries = 73932 00014 iy
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Differential Cross Section vs. |t-1.,|

For 9.4 GeV <E<10.1 GeV....

t-tmin Bin #1 (0.192 GeV?):
t-tmin Bin #2 (0.578 GeV?):
t-tmi, Bin #3 (1.096 GeV?2):
t-t i, Bin #4 (1.572 GeV?2):

0.1957 nb/GeV? do _

Njpsi

0.1066 nb/GeV?
0.03175 nb/GeV?
0.002617 nb/GeV?

dt  Linef(Ey)n(Ey, ~t)Brypsilt

4
clasy

For 10.1 GeV < E < 10.6 GeV....

t-t,in Bin #1 (0.237 GeV2): 0.5138 nb/GeV?2
t-t,in Bin #2 (0.716 GeV2): 0.3796 nb/GeV2
t-t,in Bin #3 (1.22 GeV2): 0.2219 nb/GeV?

t-t,5, Bin #5 (2133 GeV?): 0.0014457 nb/GeV? do bz ttmin Bin #4 (1.707 GeV?): 0.2038 nb/GeV®
t-t,,1, Bin #6 (2.515 GeV?): 0.009976 nb/GeV? — =g be ™\ min t-tmin Bin #5 (2.230 GeV?): 0.1171 nb/GeV
dr \ t-tmin Bin #6 (2.568 GeV2): 0.01462 nb/GeV?
g, , which is the p0 parameter,
is the total cross section for
9.4GeV<E j 10.1 GeV that energy bin 10.1 GeV <E < 10.6 GeV
8 . ———— XO’ ndf 340814 - 21 ndf 28.91/4
g p 0.1488 + 0.009072 % p0 0.6475 = 0.03287
-1 —. +
2 107 = 2631+ 9-1012 9 p1 1.32 + 0.06731
- [ -
g 5
S’ “““““““““““““““““““““““““ g ....................................................
3 o)
©
1072 10—1 h .........
10—3 ..............
SRS SO S SN IS || 1072 | T T R ol
; & 1 ” L £ s e
it4_minl 05 1 18 2 2
t-t_minl
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Procedure For Total Cross Sections Cbg»a

In the previous slide, the total cross section was determined by integrating the t-
dependent differential cross section. There is another method that GlueX utilized,
which relies on the correct t-dependent modeling for the efficiency.

« Step #1: Quantify N(J/psi) for each energy bin

« Step #2: Quantity N(BH) for each energy bin

« Step #3: Calculate the BH efficiency for each energy bin
* Step #4: Calculate the J/psi etficiency for each energy bin
« Step #5: Calculate the BH theoretical total cross section

_N (Ey) o (E) exlE,)
OJ/w(EV)_N;/;p(Ey) BBIj/w ef/z,(Ey)'
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N(J/psi) Yield For Selected Photon Energy Bins Chgoﬁ

Invariant Mass e+e- (E Bin #1) Invariant Mass e+e- (E Bin #2) h_invmass1
— h_invmass0 _ Entries 134
» Entries 83 25—
14‘_ 83 GeV < E < 91 GeV Mean 2817 » Mean 2.842
- N Std Dev 0.2195 L 9.1 GeV<E<9.6GeV Std Dev 0.2112
12: N(J/pSI) = 2725 +/' 714 2 / ndf 13.05/8 20_ %2/ ndf 4.203/8
- Prob 0.1101 - N(J/psi) =37.31 +/-8.17 Prob 0.8384
- Quec =114 mC X1 27.25 = 7.14 - (J/psi) = 37.3 8. 1 57312817
10— X2 3.068 = 0.009 [~ Q =114 mC T
- X3 0.03794 = 0.01156 15/— acc X2 3.073 = 0.007
sl- X4 14.01+ 28.20 C X3 0.03406 = 0.00675
o X5 24.99 + 28.19
£ X6 0.6581 = 1.1402 x4 1753814
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- [ X6 3.144 = 1.124
4— n
- Total Flux = 0.001 s
o N
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85 26 27 28 2.9 3 3.1 3.2 33 34 35 95 26 27 28 29 3 3.1 32 33 34 35
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Mean 2.871 = Mean 2.918
40 N(J/pSi) =87.13 +/-11.25 Std Dev 0.218 [ 10.1 GeV <E <10.6 GeV Std Dev 0.2203
' ' ¥2 I ndf 11.35/10 40— . 2 I ndf 9.887 /12
35 Prob 0.3311 [ N(J/psi) =105.0 +/- 13.8 Prob 0.6259
= X1 87.13+11.25 = X1 105 = 13.8
Quec =114 mC
30 X2 3.077 = 0.006 B = X2 3.083 = 0.008
X3 0.04311 = 0.00587 <Y Qaec =60 mC X3 0.05949 = 0.00829
25 X4 2.834 = 42.056 N X4 4.498 = 39.204
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40
Using Bethe-Heitler To Normalize The Total Cross Sections class

*  An MC generator, written by Dr. Rafayel Paremuzyan, called TCSGen 1 NT
contains the Bethe-Heitler cross section and is being used to study the
expected rates in the same areas of phase space the J/psi events are N— (02 i® pSfi
located

*  Work is on-going to optimize the ideal cuts, such as the invariant mass Gen 1=1

and the exclusivity cuts, in order to effectively normalize the cross
section.
*  Overall, agreement between RG-A and MC rates is reasonable. Energy Bin BH Theoretical Cross

Section

Agreement between RG-A (blue) & MC expected rates (green)

BH Mass e+e- (E Bin #1) BH Mass e+e- (E Bin #2) 8.3 GeV t0 9.1 GeV 0.0038 nb
= h_bhmass0 = h_bhmass1
=0 tercev<e<dboev [ 2
E . oE .
‘2:‘8-3 GeV <E<911GeV  [sipw oz £ StdDev_ 021
. E 9.1 GeV to0 9.6 GeV 0.0030 nb
9.6 GeV to 10.1 GeV 0.0034 nb
_3..3 I3,4 35 . 34 35
Mass (GeV) Mass (GeV)
BH Mass e+e- (E Bin #3) BH Mass e+e- (E Bin #4) 10.1 GeV to 10.6 GeV 0.0038 nb
o h_bhmass2 £ h_bhmass3
E Enti % E Entr 165
r Mnez:s 2932 *£10.1 GeV < E <[10.6 GeV MZS:S 2,958
s 9.6 GeV <E <[10.1 GeVsype oz0m oF StdDev 02168
o 3
A nf
5
n:lllll*l-'-l—' —
25 26 27 28 29 3 31 32 33 SMAass 1Ge\% 33 %\‘4‘255 (Geeﬁs
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Summary Ck)goa

* Analysis framework is well-advanced (particle identification,
momentum corrections, fiducial cuts, & quasi-real
photoproduction selection)

* Procedures and codes for calculating the differential and total
cross sections have been developed.

« Systematic uncertainties are being tested and analyzed.

« High-statistics MC is being used with background merging for
efficiency & normalization studies

* Analysis note is being written.
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Thank you CIQg‘a

Questions or comments?
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