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Rungroup F Experiments

1. The Structure of the Free Neutron at Large x-Bjorken v*
A rating, 40 PAC days
— Inclusive cross section from neutron in deuteron target D P

— Requires tagging of low momentum spectator proton in RTPC

e D—e py(n)

2. Neutron DVCS Measurements with BONuS12in CLAS12

CLASI2

Rungroup addition

s }B{)NUSIQ

— requires additional photon tagging and beam helicity




BONuS: “Barely Off-Shell Neutron Structure”

Parton Distribution Functions (PDFs)

— Provide information on the partons longitudinal momentum distributions
— Measurable via Deep Inelastic Scattering (DIS).

- For nucleons, the unpolarized DIS cross section is parametrized
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BONuS: “Barely Off-Shell Neutron Structure”

Observable is tagged ratio
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Tag slow, backward, recoil proton

— kinematics minimize nuclear effects
=> scattering from “nearly” free neutron

— use proton momentum to correct for
Initial state neutron
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BONuS12 Experimental Setup in CLAS12

- CLAS12 Forward Detector:
— Superconducting Torus magnet.
— 6 independent sectors:

— HTCC

— 3 regions of DCs

— LTCC /RICH

— FTOF Counters

— PCAL and ECs

— FT (not used)

Beamline

- Central:

— Target: D gas (@ 5.6 atm, 293 K
— BONuS12 RTPC e
— FMT (3 layers) \}?‘,"'"" » E,.., = 10.4 GeV, 2.1 GeV (calibrations)
— Solenoid (3.5-4T) sy 35 days on D
— CTOF, and CND - NN 5 days on“*He/H,

with L=2 - 10 34 cm?2 sec!




BONuS12 RTPC

- Active length: 40 cm

— Radial drift distance: 4 cm

- Drift gas He/CO, (80/20)

- 3 GEM amplification layers

- 16 HV sectors per GEM
(Segmented in 1)

- Pad readout: 2.8 mm x4 mm

=> 17,280 channels

GEM Layer
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FEU electronics — Signal height vs. Time bin

- Pad position + Time + dnift path — hit position
=> track reconstruction !
vertex + momentum vector
- integrated signal + JE 348
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Collected RG-F

2020 Data

106 Events/Run
109 Events

o
T

0

01609 11866 11982 12101

12204 12414
Showing runs: 11609 - 12955. 818 runs per page. Total runs: 818
Beam Energy Target Spring 2020 Summer 2020
H2 81M 185M
D2 37M 45M
1 Pass Data 4He 19M 44M
Empty M 22M
Total 138M 296M
H2 151M 266M
D2 2275M 2355M
5 Pass Data 4He 7TM 51M
Empty 21M 45M
Total 2524M 2717M

12527 12633 12732 12840 12946

collected
in 2020 run period

Data Range (RTPC3 Data):

- Spring run:
12210 — 12282 (In-bending 5 pass)

- Summer run:
12389 — 12434 (Out-bending 1 pass)
12435 — 12443 (In-bending 1pass)
12447 — 12951 (In-bending 5 pass)



Reconstructed RTPC Tracks

Run 12736 Summer — D, target, 10.4 GeV

GEMC simulation

0

5 /N

~ b i

: ff{ ‘\' |

y i Li N | i
n‘:ﬂ 80 B0 -0 -30 0O 30 43 B0 B 103
M jnanj

by — — -
(1] ==
: ol
] #_";\'i'
n ‘l.ﬁ
s o~
1 T -
0 -
" PP S -
LE
i i ! i il i i i
=I:‘.II'.I il 20 30 # B0 & 0 M O MW
A (e
ki 1) &4 A3 385 WD 34 BT 4T 27 25

o B0 BDEN BTN TR BAEE DARD &40 B B B

o TS M DA D ST EHE 5 106 B S d7 R 5T

A ENOT BLAD AW TN VR BE TR SN IS BN

G PR AREE RS A RTAR TIATE B R 1 SR

B30 11048 SRI0 -FFE I0OEN BT B 130 4

Vit 80T AR TIAD TR0 a3 FEER R a3

Ofl: SR -MIPES SLES WEST 12543 B3 4108 MY

O [ 0000 QA0 -DOAD 4 TDE AT LTH S ATD EONE

- e -

o6 26 41 8 B 183
N )

[

108
150

00 1

]
Pl il

H U
L
i I'nln-‘;i;»
-
b AF
L e
-
b'- Py oty e m
r L e TP
0 -
P L
15

MO, a m 35 4b 86 M@ @ W B0 M

M v

ENE ARG A 505158 100987858 3 D05 THD FI BTV 1R IRSET 1

P 0L B I R A 95 Y BT D (S 3 DA el

L FLIN2ENT 0 ATIRE] B8 A T2ET0 290 B T4 28 4TINS 20 B

w - ST T DT T, 1 MY - LT 1T

b ANEEE] 1D 5EE 1L 1TEED 208 FETTRT 39 450077 -6 POSEN

B 10 TN 32 ANTETY - 20 SEI80 -1 70 TR . NIE DA NI 18

heila: BE.TI0LE 5 3800 25 41§ PSST 5. T4TH5S PAIOSDES B8 200003

1 B Y L SR 1 SRR K TFI0E 5 ST 18158

O [ TN Y SRR T JSGNKT] 1 IO 1 440004 X SEIEN




Proton selection cuts
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Electron cuts
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Subsystem
RF

ECAL

DC

RICH

Timeline
ritime electron FD mean
rftime electron FD sigma

Itce elec nphe sec

htee nphe sec

ftof edep pla midangles
ftof edep plb midangles
ftof edep p2

ftof time pla mean

ftof time pla sigma

ftof time plb mean

ftof time plb sigma
ftof time p2 mean

ftof time p2 sigma

ec Sampling

€C gZ M mean

ec gg m sigma

dc residuals sec mean
de restduals sec sl sigma

rich time fivhm max

Constraint (RG-B)

= =10 ps
=70 ps
12-14
11-13

9.25-10.5 MeV
11.25-12.25 MeV
0.2-10.2 MeV

=+25 ps
<125 ps
= =15 ps
= 70 ps
= x50 ps
=<325ps
0.24-026

131-134 MeV
< 15 MeV
=<=+0.005 cm
R1.R3 =300 um, R2 <400 um

=1ns

Constraint (RG-F)

==10 ps
=70 ps
3-20
10-13
9.25-10.5 MeV
11.25-12 25 MeV
9.2-10.2 MeV
==25 ps
=125 ps
==15 ps
= 70 ps
==50 p=
=325 ps
22-0.25
128 -142 MeV
< 15MeV
< [-0.03,0.01] cm
<430 um
<1ns
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 The RG-F Passl review was held on 14 April 2021
» Cleared for “pass1v0”, but more calibrations are needed (FMT, CTOF/CND, RTPC)
» Also suggested to fully implement RTPC + target details into GEMC simulations

« Passl1v0 cooking was launched on 24 May 2021
+ Took 9 days to complete (within the ~1.5 weeks estimate)

 Review committee:
— Nathan Baltzell
— Marco Mirazita
— Cole Smith
— Stepan Stepanyan (chair)
— Larry Weinstein
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Beam energies: 2.144GeV, 10.389GeV Torus: £50%, -100%, Solenoid: -74.5%, -80%

RG-F Spring | RG-F Summer | ____Total

Run range 12210 -12282 12389 -12951 12210 -12951

Number of selected runs 54 428 482
Total event count 0.4 billion 3.0 billion 3.4 billion
Total pass1 recon dst size 2TB 23 TB 25TB

/cache/clas12/rg-f/production/recon/




PasslvO RTPC ADC gains

BONuS12 requires measurement of inclusive electron cross section + tagged proton
In addition to CLAS12, need to calibrate RTPC: Gain for ADC — dE/dx for PID of proton

Bonus Track ADC sum (mean)
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- Average ADC per hit on each pad used as first estimate of relative gain
- Then all measured ADC values divided by relative gain for a particular pad

50

Bonus Track ADC sum (mean)

25

Run range dependent gain calibrations have been implemented
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Highcharts_com
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RTPC Timing quality timelines

Bonus Track Hits Time Shift (mean) =
1000 . . . - .
. )  Difference between measured largest time within a track
- | Il : and that expected for an in-time track (to be calibrated)
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Pass1v0 Monitoring Histograms
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. Analysis plots, uncut - _
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« Select golden runs/files

* Finalize dE/dx cuts (run dependence?)

* Proton momentum correction, VIP cuts

« Use H, and He runs to determine backgrounds

» Subtract accidentals using Az,

« Correct for acceptance from GEMC (+ add target information)
« Extract Fy,/Fy,
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* RG-F has finished pass1vO for its 2020 data sets

«  Summer 2021: After refining cuts, high-level DSTs will be developed for spectator
proton + backgrounds

« Fall 2021: Demonstrate full analysis chain up to F,, /F,,, finalize fine-tuning of all
calibrations

« Early 2022: Repeat Pass1 cooking with final calibrations if necessary
« Spring 2022: First results ready to be presented, analysis review

« Later 2022: Figure out how to include RTPC1 runs (which had gain instabilities),
refine reconstruction and background rejection -> Pass2

19



"BONUS” slides




" RTPC Track Reconstruction

1. Track Finding: Hits chaining into contiguous collections, 1.e. tracks
2. Time shifting: Each chain of hits for a track is shifted i time, such that the first 1onization starts at the cathode.
3. Reconstructing the hit position:

(Pad # — Pad (x.y.z). Time ) — The original location of the ionization can be determined as:

) - 100
r {t- :) = \/F.Euu' “ o ;i'.'} T .i"i“-”;!.' ' 3'3‘
f - ”f X . Eﬂ'; \ ; '. T -,
T= ~—» Hit (1, ¢, ) st \ \
£ * at the ionization point in the 20 . ( PN \
, Tonas drift region o e —
Ag(r.t,z) = as+ by In ’Ti_m . = X: ¥ . .T
_?|:||- \ g ‘_f "f"""'-q_\__\_-"..
* a, b, parameters are z-dependent parameters initially calculated 'm;_ LN { /4 4
by a simulation of the magnetic field in Garfield++ and re-tuned using real data (next slide). e D v ¢ S =
80

a_t = “Smallest Time” = time offset _m_q:u'& T T
b _t=the max. drift time (Largest time - Smallest Time) X {m
a_¢ (comes entirely from the GARFIELD++, the drift between GEM1 and Padboard )

b ¢ =tan(6 Lorentz)

4. Helix Fitting — Track’s p/q. vz. ...
22



" BONuS - Timing

Imm dead zone
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- Smallest time — Timing offsets between the frigger and the RTPC.

- Largest time — Sum of offset + maximum drift time

- Largest - Smallest time — maximum drift time from cathode to GEM1

— Difference between measured largest tume within a track

and that expected for an in-time track
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" Lorentz Angle Calibration

— Use radiative e-p elastic scattering (beam bremsstrahlung) at 1-Pass to

calibrate the RTPC ( 6e- [5°.8°]). 2.14 GeV on H:target
Histogram of dalta_z-Vertex Theta distibution in RTPC [deg]
H [ Cefla-d FT_roe_Tes
— Then calculate the energy of the gamma simply <3405 500 iy
ASSUMING that the event was elastic. 250 = 4000 e
3500
200 L]
— Simple, first estimation for energy loss applied, 150 2500
but will be refined in the future. - -
5 LLLU]
— Modify the Lorentz angle until we get the best ) son
qu L5 1 50 0 50 1 150 Zidd b 40 a6l S50 100 120 1400 160 1RO

agreement between the measured and the predicted

. Avzlev - [J‘l',] [ ronim |
momentum for protons in H(e.,e’p)y.

Histogram of delta_phi in RTPC

Elastlc 2-p — no beam brems.
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p_rec
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hprof

Entries
Mean
Mean y
Std Dev
Std Dev y
x? / ndf
a

b

¢

54612

0.1019

0.09553 | e

0.02793 : : :

0.03802

4232/ 297 |

3.395 + 0.025
9.515e-05 + 5.680e-06

I[IH'IHIIIIIIHlIII[HI|[H|I]I}II]

0.16 0.18 0.2

p_Luhd (GeVl/c)

(Credit: Yu-Chun hung)

FCN=423.173 FROM MIGRAD STATUS=CONVERGED 387 CALLS 388 TOTAL
EDM=3.87879e-07 STRATEGY= 1 ERROR MATRIX ACCURATE
STEP FIRST
SIZE DERIVATIVE
7.04116e-06 5.77675e-01
1.58832e-09 2.45442e+03
4.10848e-05 -7.79082e-02

EXT PARAMETER

NO. NAME VALUE ERROR
2.46472e-02
5.68967e-06

8.02373e-03

1 3.39468e+00

2 9.51456e-05
3/ 3.97738e-01

FCN=423.173 FROM MIGRAD STATUS=CONVERGED
388 TOTAL

387 CALLS

EDM=3.87879e-07 STRATEGY=1
ACCURATE
EXT PARAMETER
NO. NAME VALUE
la 3.39468e+00 2.46472e-02 7.04116e-06 5.77675e-01
b 9.51456e-05 5.68967e-06 1.58832e-09 2.45442e+03
c 3.97738e-01 8.02373e-03 4.10848e-05 -7.79082e-02

ERROR MATRIX

STEP
SIZE

FIRST

ERROR DERIVATIVE

2
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Plot for p_corr = ((1/(1/p_uncorr + c))*a + b/sin(theta_rec))(1/a) (Credit' Yu-Chun hung)
with a = 3.39468, b = 0.000095146, ¢ = 0.397738 (profile fit) '
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