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MARS detector for neutron background monitoring

10 cm * Multiplicity And Recoil Spectrometer

75 o= : o
10 %% 7 * Sandwiched plastic scintillator and Gd sheets

* Originally created for measuring neutron multiplicity
from high-energy neutron interactions on lead

- [~ Light Guide

v Scintillator
Gd Sheets

e Asingle module (without the lead) can provide
uniform response to intermediate to high energy
neutrons through capture-gating techniques:

* rate estimate: 1 event/day @ 10 n/m?/spill
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The problem

e Arrived to ORNL in June,

2017. Placed in neutrino alley
next to Csl. Without shielding.

* MARS data analysis so far has
not identified beam-related
neutrons: no capture signal
from beam neutrons.

* Concerns with HOG
background being too high.

* Any other MARS n capture
signal?




2>2Cf calibrations show n capture signal
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FINDING muon-induced neutrons

* Muons will spallate neutrons in MARS  alhis
surrounding materials. |

* Strategy:

* |n Beam-off data, look for “neutron

cascade” accompanying MARS muon
events (EM ~>300 K adc),

e Use bean-off data to set neutron-selection

cuts,

* Repeat analysis with Beam-on data to
verify how HOG background affect the S oo o
neutron cuts. T ko vs i

1

* Look for beam-related neutrons! (though Muons of N | | FEEE—
maybe not so simple) ~bout 30 MeV e | HEEEE e
* Look for pairs (E,E;) = (E,, Egy) where o i == Q.
* E,~>300 K adc is a muon followed by " o RN B
* E.4 the neutron-capture Gd gamma | ; ool .
Using data organized in : E=
SNOWET. hit pairs with<200 us | = o
time separation. 2000 E-c

10 12 14 16 18 20
N of hits with inter-hit time < 200 ps
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E1 vs. E2

Beam-oft April 2018:
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Beam-oft, April 2018: Restrict E, to be a “Gd

nCapture”
e Using the Cf252 calibration, we restrict

E, to be in the the neutron-capture Gd
gamma shower range [30,80] x10° adc -

* The “dt = t,-t;” histogram shows longer

E2 IN Capt Range: [30E3,80E3] adc

E2 OUT Capt Range: [80E3,130E3] adc

273437

time decay when E, is in an energy ®
window coincident wit the “Capture S 1%
Range”, compared to when E, is another T |
equal window [80,130] x103 adc outside §

the “Capture Range”. 10°k

Double exponential fit with /i
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1, = 16.2574 us: Gd n-capture



Beam-oft April 2018: Restrict dt to be a “Capture”

dt IN Capt Range: [10,60] us

T P 1 * Restrict dt to [20,100] ps:
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g / * An excess of events in the Gd

! gamma shower range [30,80] x103
?‘\ e e l(; 200 400 600 800 1000120014001 600180020000 adC is Observed *
H | dt OUT Capt Range: [60,110] ps E2 [adc]

counts per [1000.0 adc]

.......................................

0 50 100 150 200 250 300 350 OO
E2 [adc]




Compare Beam-0Off and Beam-0On



Beam-ON energy shift

h_E2_E1MuonRange

* These are the same previous 106
histograms of E, with E; in the | peam-OrT Aprl 2018
“muon ra nge”. o ] — Beam-ON June 2018
* Beam-ON spectra shifted by ~ 2- 108 |
3 MeV -

* Likely due to high HOG
background not present during :
Beam-OFF of
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Compare Beam-0Off and Beam-0On:
dt histograms constraining E,

counts per [1503.8 ns]

Beam-off April
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Compare Beam-0O
E. histos constrair

counts per [1000.0 adc]
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Beam-on June

T and Beam-On:

dt IN Capt Range: [20,100] us

dt OUT Capt Range: [100,180] us
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counts per [1000.0 adc]

E, excess in the capture-COINCIDENT time window over the capture-

ANTICOINCIDENT time window:
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e Suggest a shift in the Beam-On nCapture
spectrum of ~5x103 adc ~0.5 MeV
* Plots not normalized by runtime: 29 days of

Beam-on data and 30 days of Beam-off data
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counts per [1503.8 ns]

Shifting nCapture range for Beam-On

data by “5E3 adc”
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Simulation work update

A RooPlot of "observable"

* Rebecca Rapp spent summer

at SNL building the MARS G4 & e an b
model and ran a %°Co A Background
. . %) e Simulation
simulation. s f\
T 104 | =
* Built RooFit code to calibrate S SN\
MARS using the Feb 2018 10° = &/
®0Co data. Goal: get energy 7 |
scale and resolution for each 10" .
scan position across MARS. - Wil
10; i III||‘||i|:| I 8] :Il‘ ‘”||| il p'
 More work needed: - F o l 'ﬂ T ni',l’"w;':l,iu'u
. — ER I
Complete 6OCO and 252Cfs|m. 1 \\\\‘\III']\\\‘\\géglglé\é;\é\‘\\\l|l\\\‘\\\I|I‘I\\‘ |l !

0 0.005 0.01

and analysis.
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Conclusions

* We identified muon-induced background neutrons by their n capture
signal: time and energy cuts are approx. consistent with Cf252 calibration

HOF background is shifting MARS spectrum.

* n capture signal range seems to be shifted only by ~ 0.5 MeV. While not
much compared to MARS poor energy resolution, it could have large S/N
effect since the n Capture signal is close to the background low-energy rise.

* Priority: repeat analysis on collected beam-on data.

* |f successful, then continue with plan: n rate monitoring analysis, complete
simulations for energy calibration, detector status in Grafana, periodic gain
calibrations, n-flux unfolding analysis.
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dtvs. E2 dtvs. E1

Beam-Off April 2018
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Beam-oft April 2018: Restrict dt to be a “Capture”

counts per [1000.0 adc]

3

per [1000.0 adc]
2

dt IN Capt Range: [10,60] us

dt OUT Capt Range: [60,110] us

dt IN Capt Range: [10,60] us

dt OUT Capt Range: [60,110] us

Zooming in ....

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

...............

50 100 150 200 250 300 350 400

E2 [adc]

600 800 1000 1200 1400 1600 1800 2000
E2 [adc]

/

* Restrict dt to [10,60] us: > ~5x 14
and < ~3xt, (this can be improved)

 An excess of events in the Gd

gamma shower range [30,80] x103
adc is observed.

e \We still have some Michel electron

contamination in the [10,60] us
window



Compare Beam-O

E. histos constraining dt

counts per [1000.0 adc]
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E, residuals between the capture-COINCIDENT time window and the

Compare Beam-Off and Beam-0On

capture-ANTICOINCIDENT time window:

Residual per [1000.0 adc]: dt, | i Ateo-110 us
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Suggest a shift of at least 5x103 adc ~0.5 MeV
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counts per [1503.8 ns]

Beam-off April
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