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Abstract:

Agenda, attendees, and presentations of the Neutron Task Force
Meeting held at the SSC Laboratory on January 27, 1993,
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Subj: agenda
Agenda for the neutron task force meeting on Jan. 27.

Meeting will be at 1 pm in the GEM conference room

1300 8DC calculaticns Aznigirey/Uzunian
1400 New results Waters
1440 Organization Diwan
Shielding
1520 Discussion
Next meeting
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CALCULATIONS OF BACKGROUNDS
FOR THE SDC FMS

L. AZHGIREY & A. UBUNIAN
IHEP , RUSSIA

GOAL . TRY To DETERMINE PRINCIPAL SOURCE OF
BACKGROUND COUNTS FOR FMS CHAMBERS

 SOFTWARE :
(a) pp- GENERATOR .

1SAJET Twoger | p™'" = § gev/e

() '_kAm:cz.es TRANSPORT :
MARS 12
MARS G2C = COMBINATION OF: MARSMU
MARS 14
| NEUTRONS @ 28 GROuP MONTE-CARLO
BNAB - MICRO DATA LIBRARY
PHOTONS LEVEL ESTIMATIONS
4G -GROUP N + {5-GrouP Y
DISCRETE ORDINATES METHOD CODE ROZ-§
)



GCEOMETRY OF CALCULATIONS !

A ABR1 only

B: FCAL- Atbedo shield reinforced
C . Collimator shield added

SERIOUS SPACE PROBLEM -~ TO ORGANIZE EFFgCcTIVE

ALBEDO /SIDE LEAKAGE SHEELD OF FCAL
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FWI1
neutrons
EMAX = 10 MeV

—
b

IS

4

TR NS S R N N S A 50 S B B B B A R A O G B B AN AR A

" (n/cem”/seec)/10°
: Emﬂmﬁmﬁﬂmmﬂnﬁrrrgirmnmﬂmrm,.m..”, RARRERER
@
RS
N J
H i

(]
O

- QO

230 330 430
R, ¢cm

13



0.0

FW1 neutrons :
- - - |

'““ill?_%;;1 Total

T T

FCAL albedo |l=-§ -

T

AB1 absorber

ECC punch

-
—
s
-
—

T T T TT1TT]

:

(S S VTSN N0 N A UV HC 0 U S0 TN WL N O AN O S S A Y N U MR A

20 230 330 430
R, ¢cm

14



L FW1
: IMUOI1S
[
10 ;.- -
— N '
Q -
B - =
n - Total
N\ - =
. . ECC
S ipunch
o 5 -
N~ T E
= [  AB1: "
= F a
P4 L ; —
— :
=
| |
0.1 k i L——
- -
—irL'J_IJ!IIL[!.[J_L!_LJ_ll_!J_I_!_LiI!ll
1350 230 330 430
R, cm

15



10000

: FW1
- hadrons
i
QO
L 1000 [
7P -
~ C'
N —
= _
-
~
-~
— 100 n
- r
10 5|!|I|I!li'lllilllJ_lIlilI[llll!
130 230 230 430
R, ¢cm

16



40

: FW2
:——\' neutrons
o N
= -
=30
~
Q _ A
Q_) n
n -
N20 F
S
} -
10 F
=~ [ B,
Sl S
- b —
O L1 | NI TN D O B T I |
150 350 550
R, cm

17



FW2 neutrons
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line: our n spectrum behind ABS1 (steel)
dash: L.Waters spectrum (GEM TN-92-172)
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SDC FMS  n- gpectrum

20 ¢m barrier

T A Ky Ka

Fe Q.40 0.55 0.015 0.06
Pb 0.28 0.7 0.003 0.00%
c 0.25 0.79 0.006 0.002
Concrete 0.23 0.67 0.25 0.9%
B-Conc #4 (25]) 0.1% 0.53 0.04 0.017
B-Poly (5]) 0.01 0.26 0.32 0049
B- Poly (207 ) 0.01 022 0.1 0.040

T - preobability to pass through barricr
A - probability " 4o be reflectod "

Kt = T;/Tn.
§ - convoy eshmation ! 493, s 0059,
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‘Tolerable levels'

107

ﬂormati&aﬁou Yo the tTube volume a?
different R

Current = 0§ »x Fluence (Isotrapg)

8ack5round Couni? Particles

1 muon = 4 ch.hadron = 1 & = 1 b.cp,
1 neutron has 0.05 y -convoy
1 y = 001 bep.

> 4n = 340" + p0o5.001 = 8-40""

31

background counts per tube per sec
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F, bep/cm”®/sec

FW5 background
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CONCLUuSIonNS

1) FCAL posikion & design are extremely

importanf

2) Additional shield:
- anti - albedo covering
- local sikseld
- chamber odesign (16 - Sectors )
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Presentation by:

Y. Uzunian
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The shitld of SDC elemenls from Low Entrgy @
N,y Backgrounc.
(The maln physical processtS and Experimental
resultse)

1.Azhqirey, G.Krupay, A.Kuzngtzov, V. Peleshko,
A.Uzunian , 1. Kurochkin
(Institute gor High Energy Physics) Protvino

L. Trykov, Ju. Kolevatov, V.Veolkov
(Institute for Power Energy Physics) Obninsk

contents

* proglems

n,y radiatien

* n,y calculations for diggerent
MALETLALS

* Experimental oevice and Exp. reEsults
of m.y Attenuation. Comparisen with
calculations :

¥* conctusions

K
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The SDC  experimental {rcility with point of vitw
radiation problems represents A Bulk og the heteroqen-
EOuUS MASS  Of iron And organic materials. la this
conditions during hadronic and Electromagnetic chscades
inttiated By particles from 1P A Lot of Low

ENEYQy sEcondary neutrons and gammas Are QEnErated.

I+ waAs shown By our calculhtion results, that
low Efergy neutrons And gammas (Via Cn,g)- reactions)
qive consideralle contrifution to Backgqround at SIDC
detector ElEments.

3
For 107 SSC Lluminosity we have Expected in to the

SDC {orward muon system (withoul using A special
shielding desiqn) .

AVETAQE fLux

nevtrons with €nergy Less than 20 MeV up to the
thermal energy ~ 5-105r\w::m'a-§1

QAMMAS

0.1 MeV<« Ex.s & MeV

- ~10Y et
Ee = 3 MeV gen

Our estimations g'ure us

registration efficiency (&) of myon tuBE
V - 1o neutrons En ~ 2- 07>+ 2. 10°%

(for diggerent types of nsutron SptctyA)
- to gammas €y ~ 4 107*

Q
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Toleragle counting Llevel of muon-tube is ~
10counts per cm® per second.Like that we shall
have proBlems with neutrons and gammas.

T s e—— — v e e— T —— S— t— — — — ——— — T SN g S—

It is well know that the main processes of
photons production are the follouwing:
(in energy  range o nsutrons Below ~ 10 MeV)

- radiation capture
1 n+4

A
Forn — F * %

r4 o

- inelAstic scattering
A

JF ¢ ——(F)+(n)
ExCLtad/l

nucleus t¥

The eggectiventss of neutron Attenuation And photon
generation Ls A function of the Amount of Boron
and  hydrogen Ln the shielding material.
Hydrogen moderates neutrons ( due to Eelastic
scattering) And Boron is povided neutron capture.
The efgectiveness of photon Attenuation iS
provided By heavy nuclel  presence.

f
_.—_———————-—__————
—— S e e— —

For neutron/ photon transport we used one-
- dimtnsional transport code ,ROZG, using 49x15

constants system and Monte Carlo code MARS 93, using 23

Qroups constants system for neutron transjort and gamma production.
- 743




el
Our calculations for neutrons atiznuation and phcton
generation in Borated polyethylene is in A good Agreement

with caleculations By Craig R Wuest (transport code
TART, GEM TN -92-172)

= Samem— e —

—— — — — — p— ——r  — — — p—

WEe developed the technoloqy fJor production of
radintion shielding materiAl on the BAsis of concreie
with Boron coutamination And different Boron/hydrogen
ratio. These materials have seme Advantaqes
(As compared with polyethyleas) !

- it's cheap;

- it's @gsy ustd to makE Any

shitlding unit configuration;

- it's ron- gLAmmABEL.
The experimental testing of neutron attenuation
Efficiency was performed on Cg-252-neulron SOUrCE.

Experimental Layout

WE chost the following parameters on the Basis o
our calcuiations:
- neutron  sourst -Cg-252 with
intensyly - 0% njs;
- heterogeniods gilter gor Cg-252 to
fJorm the test neutroa S\.ELd.
The gilter composition Art steel
Lead, cardon.
The qeometry of Experiment (s shown in figure.
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Detectors

For the measurements og neutron and gamma fLuxes
And  spectra we Are used two kindsog spectrometers:
1. Multysphere Bonner spectrometer with

scintillation detector of thermal neutrons
(cristal *LiJ(EW) @ 10x10mm’). The stt
o§ polyethylene spheres was! 2,3,5,8,10
and 12 Laches in diameter. Each sphere was
covered By 1mm thick cadmium.
2. Scintillation neutron/gamma spectrometer
(cristalefstylBene, P 40x20mm>) with the wjy sepavali
ou e shapE of output signals.
(L. Trykov, Ju. KolevAatov,V.Volkov,
preprint IPEP - 1730, 1985, ORninsk)

——— S e e S—— e fRemmy. e e g S SR e mme SR e S Spm—— S sm—

Results Of MEASUTEME nt

The measured and calculated spectrdii< of neutrons
that incidented on testing shitlding material is
shown in f(ig.

——— e, SRS cGEEE—.  S— — e ——— o S— SE——

The Attenuation curves of neutrons for the Boron
And stancard concrete Are shown in fig.
The curves  are normalized to total incident fLux.

45



I s necessary to note that starting from depth
~ 15cm of experimental Layer we noticed the ingluence
of scattered neutrons. In this cast we had the neutrons
LeakegE from surrourding concrele into ihe detection
pornt. Ungortunately, we could not remove the neutron
backqround when we have tested the Borated concrete.
Theregore the discrepancy Between EXPErimentAl And
caleulational results s present,

416



we got the

ConclLusions

Attenuation curves, using the

expected neutron spectra on the forward muon system
(Behind the steel shield) for golloawing materials:

- Bet1 © Boran(B8) - 2.5%, W

- Bet2A L B -2°%,
~Bet2B 1 B ~4.4%,

- polyethylene 1:8-5%

-0.4% |
H - 143°%
H - 37%
H - 11.6°/o /

} WELGht percent

neutron attenuation neutron/qamma ratio | density
Length ,cm Behind 30<m depth gfcw®
. of mAtErial
mALErLAL 5<2<1% 2> 20cMm
JBett” 10.5 10 15 2.14
2Bt 2N .5 8 S 1.7
Bet 2w 5.9 2.5 2.3 1.3%
potyethylened | 3.5 ? A 0.94

By this means the Borated polyethylene has the Best capacily to

Attenuate the Low energy neutrons and gives the Little output
of photons. But Bet2B material is compeiitive with polyethylene,

Ad hAs some

advantaqes:

- Lt s cheap;

= il is EAsy ustd to make any shitlding congiguration,

- ltis non- gLammabeL. A
At present time we Are ready to poduct this material
and 1o provide the lowering low entrgy neutrons and

qammAs  Bachground on the gorward muon system.

@

showlorasy conerere |
47




@'/\_

The proBlem of muon system shitld grom neutron/photen

Background, in our opinion,may Be done completely By three

staqes.
Firet stage = the experimeatal and caleculationnabl

determination of real detector (muon tube,
scintitlator, ..} Efpiclency to Low energy
NEUTrons And QammMAs SEparatly.

The experimental measuremenis may BE
perfomed on radioauclide neutron And

QAMMA  SOUrCES.

There is only problem to create

neutron gilelds with negligiBle gamma

contribution ( the ratio n)y should BeX100).

WE have some ideas how to do this.
Second stage. -~ the choice of convenient shitlding
materials (eggective, cheap, non-flammable,
ducatlt  Etc.) using the experimental and
calculational methods. This stage includes
olsO the experimental testing og Attenuaticn
Efficiency of shitlding materials on
radionuclide nestron source.
Thu-d staqe’ - the pergormance o the model experiment
i similar to SDC conditicns. This
study may BE done at IWMEP accelerater

| A 50 Gey hadrog .Ene‘rgw‘.F;s. - -
- A Chy

RS T/




Table 1: Radiation capture crossection for thermal neutrons 0. and photon:

yield per one capture S,(E) for different nucleuses.

Nucleus Oyth, S,(E) in energy intervals, MeV

barn [0-1] 1-2 | 23] 35 | 57] 19 | > 9

B 033 { 0 [ 0 [ 1] 0 O} 0 0

Be 0.009 {0.03| 0 |0.02| 046 {0.73] 0 0
B'(n,7)B"| 0.5 0 ¢ {0.02] 0.9 |0.18| 0.7 |0.008

BO(n,a)Li’ |3830/094 0 |0 ] 0 [0 0 | 0

O 2.10*| 1.0 0.8 |014] O 0 0 0

Al 023 (03 1012|011 0.7 ]0.12¢{ 0.35 0

Fe 255 [ 03| 04 (017|045 ] 0.5 | 0.7 | 0.05

W 18.5 [0.85] 0.25 {0.68( 0.53 {025/ 0.01 | ©

Pb 0.17 (0.0210.015| 0 {0.020)0.071 0.9 0

C 00034 | 0 (033} 0 (0961 0 |0.003]| O
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CURRENT, NEUTRON/CM**2/PER ONE NEUTRON

E\ .
~\ o
B N +\\\ o
o~ TANDARD CONCRETE (1)
- N |
\
N 4 ~
N ~
0.1 ‘ \Jf\
- ~ } ™~
: ~ \Efi\\.‘
i . + %
~
| ~
BORATED CONCRETE (2) ™ -
0.01 .
L ~ &
- ATTENUATION LENGTH
B 1 -9 cm, 2 - 65 cm
[N NS NS W WS W NN N N O T S T NS AN SN NN A N N TN SN TN VO N A M N
0.001 g 5 10 15 20 55 30

ABSOREER LENGTH, CM

o0



PHOTONS/CM**2

GDE
Photons spectrum after
30 cm borated concretie
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CROSS SECTION, barn

Averaged cross section of radiation capture(sigma,)
and inelastic scattering (sigma;,)for iron
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CURRENT, GAMMAS/CM**2/PER ONE NEUTRON
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GEM SIMULATION FINE
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