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Overview Scientific Program

❑ Approved experiments to date

o E12-13-007: Measurement of Semi-inclusive p0 production as Validation of Factorization

o E12-13-010 – Exclusive Deeply Virtual Compton and p0 Cross Section Measurements in Hall C

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

o E12-14-005 – Wide Angle Exclusive Photoproduction of p0 Mesons

o E12-17-008 – Polarization Observables in Wide-Angle Compton Scattering

❑ Conditionally approved experiments: TCS with transverse target

NPS ERR 2019

o E12-06-114 – DVCS – days moved from Hall A



Experimental Techniques
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Semi-Inclusive πº Production kinematics

E12-13-007, Measurement of Semi-Inclusive π0 Production as Validation of 

Factorization.  (25 days, PAC40 approved, A- rating). 
Spokespersons: R. Ent, T. Horn, E. Kinney, H. Mkrtchyan, V. Tadevosyan

e +p→e'+πº+X

HMS + NPS

- Beam: E = 11 GeV, I ≈ 1-2 μA 

electron

- Target: 10 cm LH2 

- Rate per crystal: 1-2 MHz

- Luminosity: ~1.0×10³⁶ /cm²/s

- Calorimeter minimum angle: ~8.0º

- Calorimeter minimum distance: 4m

- Total dose: ~30-40 krad
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DVCS and πº kinematics 

E12-13-010, Exclusive Deeply Virtual Compton and 

Neutral Pion Cross-Section Measurements in Hall C.  (53 

days, PAC40 approved, A rating). Spokespersons: C. Munoz-

Camacho, T. Horn, C. Hyde, R. Paremuzyan, J. Roche

PMT gain 10^5, anode current ~1.3 mA

(Ho San KO, NPS meeting, 07 May 2020)

e+p→e+p+γ

HMS + NPS

- Beam: E = 8.8 & 11 GeV, I ≈ 10-50 μA electron

- Target: 10 cm LH2 

- Rate per crystal: 1-2 MHz

- Luminosity: ~3.0×10³⁷ /cm²/s

- Calorimeter minimum angle: ~6.3º

- Calorimeter minimum distance: 3 m

- Total dose: 300-400 krad
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Wide-Angle Compton Scattering kinematics 

E12-14-003, Wide-angle Compton Scattering at 8 and 10 GeV 

photon energies. (18 days, PAC42 approved,  A- rating).
Spokespersons: B. Wojtsekhowski, D. Hamilton, S. Sirca

γ+p→γ+p

HMS + NPS

- Beam: E = 8.8 & 11 GeV, 

I ≈ 60 μA electron

- Radiator: 6% Cu (Eᵧ= 5-10 GeV)

- Target: 10 cm LH2 

- Rate per crystal: ~1.0 MHz

- Luminosity: 1.58×10³⁸ /cm²/s

- Calorimeter minimum angle: ~11.0º

- Calorimeter minimum distance: 3.3 m

- Total dose: ~150 krad
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Wide-Angle Exclusive πº kinematics

E12-14-005, Wide Angle, Exclusive 

Photoproduction of π0 Mesons. (18 days, 

PAC42 approved, B rating).
Spokespersons: D. Dutta, M. Amaryan, H. 

Gao, M. Kunkel, S. Sirica, I. Strakovski

- Beam: E = 11 GeV, I ≈ 60 μA electron

- Radiator: 6% Cu (Eᵧ= 5-10 GeV)

- Target: 10 cm LH2 

- Rate per crystal: 1.2 MHz

- Luminosity: 1.6×10³⁸ /cm²/s

- Calorimeter minimum angle: ~8.0º

- Calorimeter minimum distance: 3 m

- Dose rate: 840 rad/h (for kin 4D)

- Total dose: ~150 kRad

γ +p→πº+p

HMS + NPS
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Polarized Wide-Angle Compton Scattering kinematics 

E12-17-008, Polarization Observables in Wide-angle Compton 

Scattering at large s, t and u. (48 days, PAC45 approved,  A-

rating). Spokespersons: D. Hamilton, D. Day, D. Keller, G. Niculescu, 

B. Wojtsekhowski, J. Zhang

γ+p→γ+p

BigBite + NPS

- Beam: Polarized (~80%) electron, 

E = 8 & 11 GeV, I ≈ 2.5 μA 

- Radiator: 10% Cu (Nᵧ ~1.5×1012 /s)

- Target: 3 cm polarized (~75%) NH3 

- Rate per crystal: 50 kHz

- Luminosity: 2.5×1035 /cm²/s

- Calorimeter minimum angle: ~17.4º

- Calorimeter minimum distance: 1 m

- Total dose: ~10 krad



Requirements of the experiments

▪ Energy resolution         - (2-3)%/√E, high light yield, PbWO4 is the best, cost effective available crystal

▪ Coordinate resolution   - 2--3 mm, granularity 2.05×2.05 cm², small Møller radius

▪Angular resolution        - 0.5-2.0 mrad, combine fine granularity with distance from the target

▪ Good Timing                 - Fast signal with short tail to minimize pile-up at high rates

▪ Radiation hardness       - Modest damage for total doses ~50 krad (significant damage for doses  1.0-1.5  Mrad)

Parameterfor SIDIS πº

(E12-13-007)

DVCS

(E12-13-010)

WACS

(E12-14-003)

DES π0

(E12-14-005)

WACS  (NH3)

(E12-17-008)

Min. dist. From. Tgt. (m) 3.0-4.0 3.0-6.0 3.0-5.0 4.0 1.0-3.0

Coordinate res. (mm) 2-3 3-4 3-4 2-3 ~3

Photon angl. Res. (mrad) 0.5-0.75 1-2 1-2 0.5-0.75 ~1.0

Energy res. (%) (2-3)/√E (5-6)/√E ~5/√E (2-3)/√E < 3/√E

Sweeping magnet (Tm) 0.3 0.3 0.6 0.6 ?

Second arm HMS HMS HMS HMS BigBite

Photon angle (degrees) 8.0-23.0 6.0-22.0 22-60 10-25 17.4-42.3

Photon energies (GeV) 0.5-5.7 1.3-7.4 1.1-3.4 3.1-5.7 2.25-6.49

Acceptance (msr) ~25 ~25 ~25 ~25 ~25

Beam current (µA) 1-2 ~5-50 ~60, +6%Cu 60, +6% Cu 2.5

Targets 10cm LH2 10cm LH2 10cm LH2 10cm LH2 3cm pol NH3

Luminosity (cm-2s-1) ~1×1036 ~3×1037 ~1.6×1038 ~1.6x1038 ~2.5x1035

Rates & Timing ~1 MHz, <100ns 1MHz, <100ns ~1 MHz, <100ns ~1 MHz, <100ns ~50 kHz <100ns

Beam Time (hours) ~600 1200 ~440 ~440 1100

Expected total rad. Dose (Krad) ~30-40 ~300-400 ~150 ~150 ~10
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Thanks !
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NPS Science Motivation 

A Neutral Particle Spectrometer (NPS) is required to carry out the JLab 12 GeV Hall C 

program of precision cross section measurements and L/T separations, extending the 

charged-particle (p, p+/-, K+/-) measurements to neutral particles (g and p0).  It will open 

new opportunities in Hall C, utilizing the HMS, SHMS or BigBite spectrometers 

Proposals benefitting from the NPS facility, so far:

▪ E12-13-007, Measurement of Semi-Inclusive π0 Production as Validation of 

Factorization.  (25 days, PAC40 approved, A- rating, running with E12-13-010).

▪ E12-13-010, Exclusive Deeply Virtual Compton and Neutral Pion Cross-Section 

Measurements in Hall C.  (53 days, PAC40 approved, A rating).

▪ E12-14-003, Wide-Angle Compton Scattering at 8 and 10 GeV photon energies. (18 

days, PAC42 approved,  A rating).

▪ E12-14-005, Wide Angle, Exclusive Photoproduction of π0 Mesons. (18 days, PAC42 

approved, B rating).

▪ E12-17-008. Polarization Observables in Wide-Angle Compton Scattering at large s, 

t and u. (46 days,  PAC45 approved, A- rating).



12

NPS Facility 
The NPS is an efficient and economical way to meet all of the presently known 
experimental requirements. It will consist of the following components:

• Solid angle ~25 msr at distance 4 m 

• ~1200 PbWO4 crystals, each 2.05×2.05×20 cm³

• Temperature controlled frame (18 ±0.1 °C)

• HV distribution bases (without amplifiers ?) for 
operation in a high-rate environments with 
reduced number dynodes

• Essentially dead-time-less digitizing electronics to 
independently sample the entire pulse form for 
each crystal – JLab-developed Flash ADCs (fADC)

• Sweeping magnet of ~0.3-0.6 Tm field strength 

• Cantelevered platforms to allow for precise, 
remote rotation in the range 5.5°-30° (on the 
SHMS carriage), and  between 25° and 60° range

• A light monitoring (and curing) system to 
monitor (and restore) crystal optical properties

• Energy resolution ~(2-3)%/√E

• Position resolution ~2-3 mm



Radiation conditions in Hall C

Expected dose rate versus angle

(Based on P. Degtiarenko’s simulations.)

▪ The radiation background is strongly

angular (and energy) dependent.

▪ The magnet will sweep off most of the

charged background below 300 MeV.

▪ Remaining low energy photon flux is

capable to damage crystals (darkening,

mostly in the first few cm).

▪ How often curing of the crystals are

needed ? What are the best and suitable

methods for curing in our experiments ?

These are main questions to finalize

before we can start experiments with NPS.

The damage to crystals is a limiting factor for beam current !
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▪ NPS calorimeter will be operated in open

geometry, prone to radiation damage.

▪ Degradation of the crystal  properties 
depends on dose rate,  accumulated dose 

and type of the radiation particles.



Choice of PMT and PbWO4
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Parameter Value

diameter 18.6 mm (3/4'')

No. of stages 10

Photocathode Bialkali, Green Ext. 

Sensitivity range 300 – 650 nm 

QEMAX at ~400nm 27 %

Supply voltage 1500 V

Gain 8.7 x 105

Dark Current 10 nA

Rise Time 2.5 ns

Transit Time 16 ns

P
b

W
O

4
 c

ry
st

a
l

Property Value

Density (g/cm3) 8.3

Radiation length (cm) 0.89

Moliere radius (cm) 2.00

Interaction length (cm) 20.7

Refractive index (420 nm) 2.20

Hygroscopicity No

Luminescence (nm),
slow and fast components

425,
420

Decay time (ns)
slow and fast components

30,
10

Light yield (% of NaI)
slow and fast components

0.30,
0.077

dLY/dT (%/C) at room temp. -2.5

Emission spectrum (blue) is in the
transparent region (green).

Wavelength (nm)
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General properties of heavy crystals for calorimetry

BGO, PbWO4, PbF2 and LSO/LYSO are among the good candidates

But  BGO is too slow and LSO/LYSO are very expensive.

Our choice would be to use PbWO4 or PbF2, or their combination
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