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Overview Scientific Program

JApproved experiments to date

E12-13-007: Measurement of Semi-inclusive T[Oproduction as Validation of
Factorization

E12-13-010 —Exclusive Deeply Virtual Compton and 10 Cross Section
Measurements in Hall C

E12-14-003 —Wide-angle Compton Scattering at 8 and 10 GeV Photon Energies

E12-14-005 —Wide Angle Exclusive Photoproduction of ° Mesons
E12-17-008 —Polarization Observables in Wide-Angle Compton Scattering

dConditionally approved experiments
e TCS with transverse target



E12-13-007: Measurement of Semi-inclusive
n%production as Validation of Factorization

Kinematics E E’ . w* a. G- T Q- z
(GeV) (GeV) (deg) (GeV?) (deg) (GeV) (GeV?)
A 11.0 5.67 10.27 888 10.57 5.513 0.20 20 0.4-0.8
B 11.0  6.56 11.70 6.21 16.20 4.767 0.36 3.0 0.5-0.8
C 11.0  5.08 1538 7.99 1244 6.250 036 40 0.4-0.8
D 11.0 286 24.15 1066 7.93 8472 036 55 0.3-08
E 11.0  5.88 15.65 5.68 1657 5.565 050 48 0.4-0.8
F 11.0 5.6V 17.84 488 17.23 5865 060 6.0 0.4-0.8

Kinematic settings, with HMS providing the electron spectrometer and NPS
the neutral-pion spectrometer.



E12-13-010 —Exclusive Deeply Virtual Compton and m° Cross Section Measurements in Hall C

Energy Dependence at fixed (Q?, rp) Low-rp High-Q?
TR 0.36 0.50 0.60 0.2 0.36|0.50|0.60
Q3 {Ge‘v"}z 3.0 4.0 3.4 4.8 5.1 6.0 2.0 3055|8110
E(GeV) |66 88 11 [8.8" 11 |88 11 |11 |6.6 88" 11 |11 |6.6 88 11 | 11 11

K (GeV) |22 44 66|29 51|52 74|59(21 43 655713 35 57(30]29 (24|21

Bcalo (deg) (11.7 14.7 16.2(10.3 12.4|20.2 21.7|16.6|{13.8 17.8 19.8{17.2| 6.3 9.2 10.6|/ 6.3 | 7.9 | 8.0 | 8.0

Dego(m) |3 3 3|14 33 3|3 |3 3 3|3 /|6 4 464|444

Iheam (A) | 28 28 28 | 50 28 | 28 28 | 28 | 28 28 28 |28 |11 5 50| 11 | 50 | 50 | 50

Nevt (10°) | 1.5 88 82[21 79|73 11 [51(02 0.2 27[26|35 36 64(34(6.1[0.8](04

G’_,U;_:‘_I[GCETQ} 0.13 0.13 0.12(0.15 0.15(0.09 0.09(0.11(0.09 0.09 0.09{0.09|0.17 0.17 0.17{0.22]0.19]0.15]0.13

Days 1 2 1 1 3|3 2|55 1 5 |10]1 1 1 1| 5| 5 |12

DVCS and m° kinematics for Hall C. The incident and scattered beam energies are k and k', respectively. The calorimeter is centered at
the angle ©.4;,, Which is set equal to the nominal virtual-photon direction. The front face of the calorimeter is at a distance D40
from the center of the target, and it is adjusted to optimize multiple parameters: First to maximize acceptance, second to ensure
sufficient separation of the two clusters from symmetric T° - yy decays, and third to ensure that the edge of the calorimeter is never
at an angle less than 3.2¢ from the beam line. The row I, Shows the beam current and Nevt is the number of DVCS counts
expected integrated over ¢yy in a bin in t of width 0.1 GeV?2.



E12-14-003 —Wide-angle Compton Scattering at 8 and 10 GeV
Photon Energies

WACS H(y,y'p)

Kin e 8 —1 —u
deflector  Calorimeter ] [GeV?] [GeV?] [GeV?
magnet (NPS)

. _ - 4A 558 1589 310  11.03
6% Xo Cu radiator ) ,E} - *'1 0. 4B 676 1580 430 9.5
electron _ - AC 804 1589 591 8.22
beam "[I remsemnm TTTITI e AD 909 1589 720  6.93
N | AE 1048 1589 890  5.23
10 em LH2
5A 489 1965  3.07 1481
5B 505 19.65 441 1347
5C 701 1965 591 11.97
5D 787 1965  7.21  10.68
5E 1032 1965 11.01  6.88

Kinematics variables for WACS in five settings with a 4-pass, 8.8
GeV electron beam (4A-4E) and five settings with a 5-pass, 11
GeV electron beam (5A-5E).



E12-14-005 -Wide Angle Exclusive Photoproduction of
¥ Mesons

E, 07| V5| It |6, (1ab)|6:0 (lab)| P, | Pro

3A1 6.0 | 70 (3.48]3.44| 35.6 21.2  |2.602|4.170
3B| 6.0 | 90 |3.48|5.21| 26.7 30.1 |3.595|3.218

3C| 6.0 [105]3.48|6.98| 21.1 38.0  [4.334| 2.50

3D| 5.0 | 70 (3.20(3.14] 37.6 23.1  |2.251|3.497
3E| 5.0 | 90 |3.20{4.81| 28.3 32.5 |3.079|2.716
3F| 5.0 [105]3.20{5.32| 225 41.6 |3.691)|2.125

5F|10.0| 90 |4.43|8.01| 22.1 23.9 |5.632]|5.227

Table of kinematics for the p(y,m°p) reaction at E} .4, of 11.0GeV at pion
c.m. angle of 90° and 6.6 GeV at pion c.m. angle of , 90°%, 90° and 105° .



E12-17-008 —Polarization Observables in Wide-Angle Compton
Scattering at large s, t, and u
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Figure 9: Schematic of the experimental setup, with the scattered photon detected by the NPS and
the recoil proton detected by BigBite (kinematic setting L1).



E12-17-008 —Polarization Observables in Wide-Angle Compton
Scattering at large s, t, and u

Kin E[g,.m,, PTargvt Em 0._, E-., D_\'ps ()p Pp DBB !

[GeV] GeV] [] [GeV] [m] [] [GeV/d [m] ]
L1 8.8 L 6.0 215 4.16 3.0 355 2.62 1.5 70.0
Sl 8.8 j 4 6.0 215 4.16 3.0 355 2.62 1.5 70.0
L2 11.0 L 9.5 174 6.49 3.0 305 3.82 1.5 70.0
L3 8.8 L 6.0 30.2 3.22 3.0 265 3.63 2.9 90.0
L4 8.8 L 6.0 423 2.25 1.0 194 4.55 3.5 110.0
S4 8.8 T 6.0 123 2.25 1.0 194 4.55 3.5  110.0

Table 2: Kinematics variables for WACS in four settings with a longitudinally polarized target
(L1-L4) and two settings with a transversely polarized target (S1 and S4).



Hall C at 12 GeV

SHMS parameters:
Magnets: (HB)QQQD
P:2--11 GeV/c
AP: (-10% , +22%)
6P: 0.03%-0.08%
0:5.5°--40°
A Q:4.0 msr

HMS parameters:

Magnets: QQQD

P:0.5-7.5GeV/c

AP: (-10% , +10%)
OP: 0.1%
0:12.5°--90°
A Q: 6.0 msr




Neutral Particle Spectrometer

The angular acceptance by design is well matched to the HMS acceptance. Hence will be used in pair with

HMS for precision (coincidence) cross section measurements of neutral particles (v,TEO).

-/

T,

EM Calorimeter

Sweep Magnet

A new 0.3T sweeping
magnet allowing for small-
angle and large angle
operation at 0.6 T. The
magnet is compatible with
existing JLab power
supplies.

25 msr (at 4m from target)
segmented
electromagnetic
calorimeter.
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Relocation of NPS to SHMS Left Side

Sweeper Magnet, Detector, Patch Panel #1 and

Detector Platform and Supports removed. . _ .
section of rails moved to left side of SHMS.

Experiments with ©y = 6° to 23° will be
installed on SHMS right side.

Experiments with ©y = 23° to 60°
will be installed on SHMS left side.
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Sweeping magnet

Sweeping magnet in Test-Lab (JLab)

Water cooling in
test-lab limited to
200A ~20% of full
power
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NPS Calorimeter
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Longitudinal encrgy deposition in Pl:)WO4 calorimeter
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Energy deposition [3%]

NPS Calorimeter

1.2% (ideal case) to 1.6% at 10 GeV
with Imm of air between crystals
* More than 97% of energy collected after 22 X,

Cumulated energy deposition in F'b‘-.“."O4 Calorimeter
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Energy resolution in PbWO4 calorimeter

No Gap, 10GeV electron
1mm Air Gap, 10GeV electron
1mm Carbon Gap, 10GeV electron

mean : 1.00e+01 + 2.37¢-03 GeV
FWHM: 0.115 GeV

~1.15%

mean : 9.97e+00 + 2.03e-03 GeV
FWHM : 0.164 GeV

~1.64%

mean : 9.86e+00 + 3.13e-03 GeV

FWHM : 0.263 GeV

~2.67%

mean values are from gaus fit.

9 92

94 96 98

(FWHMIE)

Energy [GeV]
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Front view

» 30x36 (1080) PbWO,
> Hamamatsu R4125 PMTs
> Active HV bases for PMTs

NPS Calorimeter

> Crystals placed in a 0.5 mm-thick carbon frame to
ensure good positioning

> PMTs accessible from the back side to allow
maintenance

> Calibration and radiation curing with blue LED light
though quartz optical fiber

Back v‘iew

A\
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NPS Calorimeter
Selection of Inorganic Scintillators

Material/ Density | Melt. | Rad. Moliere | Refr. Emission |Decay Light Rad. Radiation
Parameter (g/lcm?) | Point |Length |Radius |Index |[peak time Yield Hard. |type
(*C) (cm) (em) (ns) (y/MeV) | (krad)
4.89 1.50

Zeg
BaF, 1260 2.03 3.10 300 650 16000 =50 Scint. 527

2.06 3.40 220 09 2000
CeF, 6.16 1460 1.70 2.41 1.62 340 5 2800 =100  Scint. 508
1.68 2.60 1.68 300 30
(BGO)BiGe;,0,, NAE 1050 112 223 2.15 480 300 8000 >1000 .98 scint, 83
2.30 4000 02cC
(PWO)PbWO, 8.30 1123 089 2.00 2.20 260 50 40 >1000 90scint. 756
0.92 420 10 240 10C
.77 824 0.93 2.21 1.82 280 <30 2-6 a0 Pure C 77
310
(BSO):CeBi,Si,0, gikily 1030 1.85 = 2.06 470 =100 1000 =10 Scint. 75
505 4000
(LSO):Celu,Si0; 2050 1.14 207 1.82 420 40 30000 >1000 .98 sint 648
02C
(LYSO):Ce[LuY], 2050 114 207 1.82 420 40 30000 >1000 98scint. 648

SiO, 02¢




Properties of PbWO,

Density 8.28 g/cm®
Radiation length 0.89 cm
Interaction length 195 cm

Mboliére radius 2.2 cm

Emission peak 420 nm

Light yield 120 photons /MeV
Radiation hardness |107rad

NPS Calorimeter
PbW O, crystals — general characteristics
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NPS Calorimeter
PbWO, crystals — general characteristics

1.8 x 105p/cm?
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s gumma brradiation (10KGy )
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= aler protes irvadistion
~=repeated gamma irvadistion (150Gy)

350 400 450 SiM
wavelength / nm

temperature dependence of different scintillators

"FLabry(Col’
TL.: n:

Yosiriar

T T
0201 %/°C TC:04+00%/°C TC: aL+mIwiC T.LEM em 04 +04 %,

= 11 + 4 -~

=

o

=

= LT SRR T “--;.‘lﬂlﬂl-"“: M. ]

D

-

c osf F 1 + +

=2 k3 . kN . . 1 . k3

T "YLacl,(Ca)’ Tis0 Flvsc Thco

8 TG 00+ 0.4 %/°C TC: 01 £0.1%/°0 TG 0ze01%/ 0 To: a2l %/ 0 TG 08 +01%/°C

N OF T ¥ [ T

@

£ - s aneseis-Losormmt R s s e e

=

o

=

20

19



NPS Calorimeter
PbWO, crystals — general characteristics

Transmittance
100 L T T T T | T T T T [ T T T T T T T T T T T T [ T T T T
- — CRYTUR 001
90 [ ---- CRYTUR 002 )
C CRYTUR 003
80 [ ---- CRYTUR 004 .
¥ CRYTUR 005 -
70 F
60
50
40
30
¥ — SICCAS 5061
20 : h
10 } ]
0 : 1 1 1 L | 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
200 300 400 500 600 700

Wavelength (nm)

800

Light Yield
% 2z EI T 1 T T [ T T 1T T T [ T T 1 T T T [ L T T [ T T g
= . |
o 25 -
2 ¢ .
E 20 ﬂ*&ﬂ&l& J_ﬂ.l_ ﬁ.LJ_ e | L i, T T + oL .__
;‘—: 15 ; ' ST T T — T e—r '|-|-|--|-IT|T|-|-||-|-|-|-1-|-|-TI|-|-- IIIIE
= 10 — =
E 5 B CRYTUR DATA =
0 :I 1 1 1 | 1 1 1 1 | 1 1 1 1 |I IJ|I II|I II|IlII|I II|IIII|IIII:
0 10 20 30 40 50 60 70 80 90 100

Crystal ID
— 35‘ 1 1 | | L 1 -
> ¢ 1
Q 30 3
= ]
Q — =

3 25 | ;
D20 [ dasee, 2o £V aAER . il o, 24
15 o W'D TR gArT* o L PR, L ' ".JJHT
'>—_ g L d T e ]
y 10 —
% 5 [ @ SICCAS DATA 3
: 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 7

%ooo 5050 5100 5150 5200 5250 5300

Crystal ID

20



Crystals status

- : : o R
Vendor Samples  Delivered Experimental investigation CRYTUR
Visual inspections including 5mW green laser 100%
SICCAS 460 FY 2017 Dimension measurements 100%
Transmittance measurements 37%
CRYTUR 100 FY 2018 Light yield measurements 30%
Radiation resistance, sample of 10 pieces to be done
SICCAS Beam tests (additional) to be discussed
« Crystals with small defects Chemical and surface analysis few samples (optional) done
* Good crystals
84.00[84.0 %
CRYTUR .00[0.0 %]

0.00[34.8 %] [16.0 %]

140.00[30.4 9 0.00[4.3 %]

00[13.0 %)]

¢ LY and other/defects
+ Milky crystals, X-mas trees, Shabby

 Bad transmittance and visual defects » Great crystals
» Some negligible defects (chips, scratches)

* Orejected crystals
160 rejected crystals (Adapted from Carlos )

SICCAS
100%
100%
100%
70%
done

done; data
analysis ongoing

done
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NPS prototype (Hall D Compton Calorimeter)




NPS prototype (Module Assembly)
Design from HyCal (Hall B)




NPS prototype (Fabrication)

140 modules
assembled and
stacked

Shaping ESR
reflective foil
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NPS prototype (Fabrication)

Calorimeter on the movable
platform in Hall D
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NPS prototype (Light Monitoring System)
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e Two reference PMTs are installed to monitor LED stability
e Each PMT receives light from the LED fiber and YAP:CE Am light source
e LED and Alpha-source triggers are used during data taking (special trigger types)



NPS prototype (Light Monitoring System)
Light from an LED is distributed to the face of each crystal using optical fibers
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FADC amplitude (count)

NPS prototype (Calibration)

HV (V)




NPS prototype (Calibration)

CCAL amplitudes, 4.2 GeV CCAL amplitudes, 10 GeV
1° / ndt 2371/ 2
- Constant 14.72 + 213 o
- Mean 1267 + 15 L
- Sigma 15.53 + 1.74 u
= 20/
3 s
= 10}
- S
3 [ T I R e e | Lo | [ R W NN N N SR N AN N N A B | 0 B
1100 1200 1300 1400 1500 1600 2600 2800 3000 3200 3400 3600 3800 4000

ADC amp (counts) ADC amp (counts)
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NPS prototype (Energy Resolution)

-- 30



NPS prototype (Energy Resolution)




Thank you for your attention!



