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Outline

« Calorimeter simulations
- Background source by particle ID
- Beam-pipe and calorimeter magnetic field shieldings
- Requirements on the magnetic field strength

e Calorimeter software
- Photon reconstruction
- Position and angular resolution
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Background simulation geometry

Target Chamber

Low-xB setting : xB = 0.2, Q"2 = 3.0 GeV"2. Beam-time : 1 day with 11uA
Calorimeter : 6 m from the target, 6.3 deg from the beam-line axis
Sweeper-Magnet Center : 1.6 m (SHMS-right), 2.3 deg from the beam-line
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Background energy and dose distribution
Magnetic field ON

Energy distribution of background in NPS. Dose distribution
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The numbers (~88%, ~20%, etc.) were calculated by integrating the ranges of interests ([0 MeV, 10 MeV] or
[10 MeV, 11 GeV]) of the plots above.

~88% of background is from particles with E < 10 MeV.
However, the total energy from particles with E < 10 MeV is ~20% of the total energy deposited in the detector
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> Dose is mostly coming from E > 10 MeV patrticles.
> Dose is dominated by gamma and e-/e+
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Background source tracking
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Background source tracking
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Magnetic field shielding should be considered
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Beam-pipe magnetic field shieldings

calorimeter shielding
(mu-metal + soft iron)

]m 1 1

Sweeper-Magnet

(N

Beam-pipe shielding

f

Calorimeter : 4 m from the target, 8.5 deg from the beam-line axis
Sweeper-Magnet Center : 1.6 m (SHMS-right), 2.3 deg from the beam-line

> Results may differ in other settings (eg. calorimeter 3m @ 8.5 deg or4 m @ 6 deg)

03/Feb/2020 NPS Collaboration Meeting 2020



Dose rate [rad/hr]
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Background dose with magnetic field shieldings
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Magnetic field strength required
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w/o magnetic field shielding
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Sweeping magnet’'s magnetic field ~ 0.3 Tm is sufficient to reduce background

NPS Collaboration Meeting 2020 9



Magnetic field strength required

‘PS 8.5°, 3m. Max dose crystal. Beam-current : 50 pA
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Calorimeter simulations summary

* The total energy from particles with E < 10 MeV is ~20% of the
total energy deposited in the detector.

- Most of the background is gamma.

* Magnetic field shieldings on beam-pipe and calorimeter does

not decrease the background dose on the calorimeter
significantly.

 Magnetic field strength of 0.3 Tm is probably enough for the
“approved” kinematic settings.
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Photon reconstruction software

« Adapted Hall A DVCS software to NPS geometry

1. Check if the energy deposited to the crystals (2X2) is above a
given threshold. (clustering threshold)

1. If above, keep those 2X2 crystals. If below, discard them for the next step.

2. Make clusters(i.e. photons) out of the crystals. . SN

3. Get position and momentum of the cluster(s)

0 ST R L

Clustering threshold : 1.10 GeV E'

Ao
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Resolution [%:]

Energy resolution of the calorimeter
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Position and angular resolution

Reconstructed x — generated x Reconstructed y — generated y

Clustering threshold : 1.10 GeV

Reconstructed angle — Reconstructed angle — °f
generated angle generqted angle °r
(vertical) _ (horizontal)

Photon beam energy
10 GeV
7.75 GeV
55 GeV
3.25 GeV

o - = ] '
—0.15 —0.1 —0.05 o 0.05 0.1 015
® [cegl

015 -0

03/Feb/2020 NPS Collaboration Meeting 2020 14



Position and angular resolution calculation results and summary
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Conclusion

« Most of the background on the calorimeter is gamma.

« Beam-pipe and calorimeter’s magnetic field shielding have no significant effect on the
background dose.

« For “approved” kinematic settings, magnetic field strength can probably be reduced to
0.3 Tm.

- Some extreme configurations (calo. 3m @ 8.5 deg & 4 m @ 6 deg) may need the full 0.6 Tm.

» Photon reconstruction software for off-line analysis is ready.
- Energy resolution of the calorimeter is < 1.2 % at ~ 7 GeV.
- Position resolution of the calorimeter is ~ 1.5 mm at ~ 7 GeV.
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Energy Dependence at fixed (Q?, zp)

Low-zp

High-Q?

IB

0.36

0.50

0.60

0.2

0.36

0.50

0.60

Q? (GeV)”

3.0

4.0

3.4

4.8

5.1

6.0

2.0

3.0

9.9

8.1

10

k (GeV)

6.6 8.8 11

8.8 11

8.8 11

11

6.6 8.8% 11

11

6.6 8.8 11

11

11

k' (GeV)

22 44 6.6

2.9 5.1

5.2 74

2.9

21 43 6.5

5.7

1.3 3.5 5.7

3.0

2.9

2.4

2.1

QCalo (deg)

11.7 14.7 16.2

10.3 124

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

DCalo (m)

3 3 3

4 3

3 3

3 3 3

6 4 4

Ibeam (ﬂA)

28 28 28

o0 28

28 28

28

28 28 28

28

11 5 50

11

o0

20

o0

Nevt (107)

1.5 88 8.2

21 7.9

7.3 11

2.1

0.2 0.2 2.7

2.6

3.5 3.6 64

3.4

6.1

0.8

0.4

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

5 1 5

10

1 1 1

12

03/Feb/2020

NPS Collaboration Meeting 2020

18



Longitudinal energy deposition on the calorimeter

Longitudinal energy deposition in PbW04 calorimeter
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Cumulated energy deposition in PbWCJ4 Calorimeter
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Lateral energy deposition on the calorimeter

Lateral energy deposition in PbWO4 calorimeter Cumulated energy deposition in PbWO, Calorimeter
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Background energy and dose distribution

Low-xB setting : Calorimeter 6m from the target, 6.3 deg from the beam-line axis

Magnetic field OFF

Energy distribution of background in NPS. Dose distribution
E ~ 0, R r ~K0
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Right plot was obtained by weighting each particle by its energy.

The numbers (~55%, ~5%, etc.) were calculated by integrating the ranges of interests ([0 MeV, 10 MeV] or
[10 MeV, 11 GeV)]) of the plots above.

~55% of background is from particles with E < 10 MeV.

However, the total energy from particles with E < 10 MeV is ~5% of the total energy deposited in the detector
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