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Outline

Neutron dose rates inside High Energy electron accelerators:
Important for radiation safety, radiation damage, activation
Needed to evaluate and benchmark the simulation models
Difficult to measure due to overwhelming photon radiation
Monitors fail: radiation damage, high photon background

Passive dosimetry: lack of online monitoring capabillity,
generally small dynamic range

Need in the new neutron dosimetry technigues:

% Online monitoring

¢ Insensitive to photon background

% Large dynamic range

NDX: novel neutron dose rate meter with extended capabilities
% High pressure ionization chambers filled with 3He and “He

* Neutron moderator with Beryllium-loaded reflector / multiplier
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Original Idea (2016)

Neutron Detector for C100 Operations Environment

+  Propose to use two small LND == ¢ 7
ICs, filled with and “He
(1 atm gas pressure) placed i Cylinder/
together in a p0|y mOderator, g 0 A
with lead or tungsten shield

+ “Heand He:~0.1pAinlradhy” "
. ~10 pAin 1 rem/h neutrons éead shield / neutron multiplier
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Principle of Operation

Captured moderated thermal neutrons produce
measurable current in the *He-filled ion chamber,
and photons produce small symmetrical response in
both 3He- and “He-filled ion chambers.

A sensitive electrometer-type current readout needed,
with a long-term stability in pA range.

Using Beryllium-Copper alloy layer inside the
moderator improves the linearity of the neutron
energy response function. Beryllium acts as a
“neutron multiplier” in the energy range of 10-50 MeV,
where other neutron detectors lack response. At
higher energies (~0.5-10 GeV) neutrons interact with
Copper and improve the response due to the
spallation reactions.
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Detector next to a thick target at 2.2 GeV

FLUKA: Showing energy density in the air, and in the detector

The ratio of currents from 3He IC to “He IC equals to 5
Face Dose Rates Energy Deposition (keViem3) per beam electron at 2 GeV, Z-Y midg/e plane

(Total and Neutron):

Dose Equivalent {Total} in pSv per bean electron at the detector face
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FLUKA Model, Be Loaded Moderator

LND 52120 lonization Chambers, 10 atm
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Energy Dependence of Detector Response

Response to Neutron Dose Equivalent, Function of Energy

—
o

| L +25%

—
o

Detector Current per Dose-Eq Rate (pA mSv’ h)

~+10%
1
oL Sym,me,trl,c,al, ,(, He-, H,e, ,f,l,l,l,e,d), , ,I,Qn, ,,C,,h,,am be,,r, ,Ne,u,trqn, ,D,e,te,c,t,o s |
|| Hl- B -\ ]

- - - Ll -I9IIHHI -\8IIIHH _\7I\IHH -IBII\IIH -I5\IIIIH -I4-\II\IH -\3I -2 -
10 “10 10 10 10 _ 10  10_ 10 830 10 10~ 10 110
Neutron Energy (GeV)

2
Hall C Meeting, JLab, January 2019 1ge -!efferson Lab



Prototype Assembly Drawings

l—POLY HWODERATOR IMMEF LAYER &55Y

Poly moderator
and insulator

—ALUH I ZHELL LAYEFR

Triax 3H’g
Detector core

HV ~1kV=

Triax 4He

~—BeCu HEUTHON REFLECTOR LAYER
Neutron converter

‘
R O

NN W %

1hx\"“-F'!'.'ILT MOLERATOR QUTER LavER
Poly moderator

HV leads 7]

Guard leads

|IC shells at HV
DETECTOR ASSY Electrical ground

2
oting, JLab, January 2019 -!efferson Lab



Prototype Detectors
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Pyramid Front End Electronics

Pyramid Technical Consultants, Inc.

Four channels

Sensitivity and stability down to 0.1 pA
Network connectivity for the data readout
“‘EPICS ready”
Cost at about $6k
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Calibration

The calibration of the detectors in the test neutron
flelds at RadCon range (AmBe neutron source, max
calibration field about 75 mrem/h) resulted in the
values of the calibration coefficients of about

C,= 12 mrem/h per pA.

The symmetric response of the 3He and “He ion
chambers to high photon dose rates (~100 Rad/h)
was tested in the gamma irradiator at RadCon, and
the difference was found to be under 10%. This
factor is used in the current subtraction procedure.

The formulas for neutron and photon dose rates:
nDsRt = C *[(nCur-B,)) - F;*(gCur-B)]
gDsRt = C,*(gCur-B)

2
Hall C Meeting, JLab, January 2019 age Jefferson Lab
.



NDX [-400 EPICS Expert Screen
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For both Detector1 and Detector?:

nDOsBt = Cn*{nCur-Bn) - Fo*(gCur-Eg))
gDsBt = Cg*(gCur-Eg)
DsRt = nDsRt + gDhsRt
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NDX-1 Detector, SHMS Platform under HB Magnet

)

, *l

NDXO01 Detector under HB magnet Approx. 3 m from target
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NDX1 Dose Rates per Beam Current

2018/10/26 10.56

Hall C: NDX1 neutron DsRt per Beam Current (mrem/h/uA)
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NDX1 n Dose Rates per Beam Current
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NDX2 n Dose Rates per Beam Current
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nD1/nD2 Ratio vs. Beam Energy
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nD1/nD2 ratio vs. SHMS angle, E = 10.6 GeV
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NDX Detectors: Last Three Months

Neutron and photon dose rates measured by the NDX
detectors during the last run in Hall C, and the
beginning of operations in the North Linac at NL26
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Summary

O Stable and reliable operation of the two prototype NDX detectors has
been demonstrated during the two-month run in Hall C, solving the
problems:

/

s Neutron detection in the presence of overwhelming photon
radiation fields at JLab:

» at the experimental halls
» around the SRF cryomodules
» possible beam loss monitoring

* Improving quality of the neutron ambient dose equivalent
measurements at high neutron energies up to 10 GeV

% Radiation hardness, large dynamic range, stability of the neutron
detection, characteristic for lon Chamber operation

O JLab patent submitted, with possible applications in Accelerators,
Photon Irradiation Facilities, Nuclear Power Plants

O List of “Lessons Learned” is compiled to take into account in the future
development
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Beam Loss in Transport Tunnel on 12/14/18

(re m/h) Neutron and gamma dose rates, NDX01 detector, Hall C under HE magnet {(mrem/h)
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NDX Operation in North Linac, Example

Neutron and photon dose rates in the detectors NDX01 and NDX02 {(mrem/h). NL26 cryomodule. NDX01 at beam entry end, NDXO02 at beam exit end. O |'—~|
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Spherical Moderator Design
LND 52103 lonization Chambers , 20 atm

3
n Polyethylene shell He
Spherical moderator assembly &7 )/
s*
Same sensitivity e . :
. . . . f 2 S
Better directional uniformity - N
Optimal weight of the moderator | - R
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Gamma lrradiator Tests

cberline

MULTIPLE SOURCE GAMMA CALIBRATOR
MODEL 1000 8

EBERLINE INSTRUMENT CORPORATION
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Radiation Environment at Jlab (1)

« Radiation monitoring in the Experimental Halls: y, n

 Prompt dose rates observed at the back of the Halls: up to
~10 rad/h photons, ~1 rem/h neutrons:

Hall C Inside: y Dose Rate (mrad/h) Hall C Inside: n Dose Rate (mrem/h)
Y S II I‘}'&%-hf.r.‘ﬁuw_mf ] 10 F B-hour average
T W il T i e i A
103 le ‘klr1 fﬂ; flw l!‘ I - L ]A’”1 1[ .1 lliq‘-']' R
' i | | I

10 y | . | 0 B--41----1-2----}}-- . S |1 N | ________________ -
1 J;H : \ L : .‘ ] J 1 - !l; ____________ Aqf---- ;‘Ir _____ ! ________________ ]
l[]-- ‘-l“. IU'_..T } . .I ............ -
0] 10 1_“ i f - ‘
10 "- fmeaded ! ELTEE. ] 4 el 10 1 [ ! | i | |

Jan Feb Mar Apr May Jun Jan Feb Mar Apr May Jun

2012 2012

 Prompt dose rates downstream from the targets:
— many kilorad/h photons (measured with lon Chambers)
— hundreds(?) rem/h neutrons (not measured)
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Radiation Environment at Jlab (2)

« Radiation monitoring around C100 cryomodules: vy, n
 Dose rates observed at 1 foot, ~100 rad/n vy, ~10 rem/h n :

Photons RM-103(g probe 1) (mrad/h) - Tunnel Cryo Test Neutrons RM-103(n probe 2) (mrem/h) - Tunnel Cryo Test
10 'E-- Monitoread103 pt 2ot l0Minuie average Lo - --Monitorrag 103 p2 - DM aerage Lo
L S S S S SO owyaverase | o Hourly average i,
10 oo e Treese R ren RS EE: R [ S Decline of sensitivity -
10 - b b e el R T PEEEE R R S i S AR AR B R
o T Failure Probe #L T e
B O It O N Y e Falure T
o BT ki 0 B S S
10T ey e R 5 V/ -------------------------------------------------------
10 ___________________________________________________________\:-.______; ...............................................................................
10 haeal | e L Lo T | bl e L e L
(h) 0 8 16 0 8 16 0 8 16 () 0 8 16 0 B 16 0 8

February 9, 2015 February 10 February 11 February 9, 2015 February 10 February 11

« JLab standard CARM probes do not survive for long
« Typical proportional neutron counters won’t work: long cables,
high rates, sensitivity to gammas

* Need radiation-hard photon- and neutron-sensitive ICs with
remote front-end and DAQ electronics
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Detector next to a thick target at 2.2 GeV

FLUKA: Showing energy density in the target, air around, and the detector

Neutron Dose rate estimate is about 0.036 of the Total Dose rate
Energy Deposition (keVicm3) per beam electron at 2.2 GeV, Z-X middle plane 4 cm thick
Te+(6

10000

100

X {cm)

Jefferson Lab
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Detector next to a thick target at 2.2 GeV

FLUKA: Showing energy density in the air around, and in the detector
The ratio of ionization currents from 3He IC to “He IC equals to 4.5

Face Dose Rates
(Total and Neutron):

Dose Equivalent {Total} in pSv per bean electron at the detector face
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Detector in the 20 MV photon beam

FLUKA: Showing energy density in the target, air around, and the detector
Neutron Dose rate estimate i1s about 0.0025 of the Total Dose rate

Energy Deposition {keV/cn3) per bean electron at 28 HeV, 7-X niddle plane
38
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Detector in the 20 MV photon beam

FLUKA: Showing energy density in the air around, and in the detector
The ratio of ionization currents from 3He IC to “He IC equals to 1.65

Energy Deposition {keV/cn3} per 28 HeV bean electron, ¢ iddle plane

Face Dose Rates
(Total and Neutron)

Equivalent {Total} in pSv per bea H*l
15 T T T T T T T 8,81
18 *
8,001 | 8.61
5 1 *
8 8.80881 :X4OO
-
I 8,881
1e-05 | -~
_ [ =
&)
T’
8.8881
1e-86 -

=28 =15 =18 =5 a 5 1a 15 28

Dose Equivalent (Neutrons) in pSv per beam electron at the detector face
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HV Plateau Studies in Photon Field
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