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Project X PXIE Beam Parameters
| . HWR SSR1 HEBT
LEBT RFQ MEBT -
I 0 d o DomE B0 CACOoORCIE O o \ [ glo T A ey ,
LBNL FNAL, SLAC ANL FNAL \
Dump
Parameter Nominal Max Units
Energy Energy

Energy 25 30 MeV
Beam current ( H") 2 1.7 mA
Beam power 50 50 kW
H- flux 4.5x101° 3.8x10%° lons/hr
Operation time 2300 2300 hrs/year
Total particles to absorber 1x10%3 8.8x1022 lons/year
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Prototypes: SNS Beam Stop

Water Jacket

Beam size ~10mm

Beam Characteristics

Halo Scraperj

References:

1. Steve Ellis. “SNS DTL D-Plate Beam Stop Engineering Review”.http://projectx-

T

Absorber-

Operation Pulse 60 Hz
[Energv and current 7.5 MeV at 36mA JGaussian
Duration 1 ms
Physical Features
Dimensions 30.5cm ODx 44c¢m Length

Beam Centerline length
Beam stop geometry

Beam stop Dimensions
Beam stop Material

35cm
Axisymmetric cone
20cm ID 35¢m Length

Nickel 200 I

Coolant
Coolant flow direction

DI Water
Rotational and counterflow
to beam direction

Thermal Management

I'_l'otal heat removed

16 k@

Maximum Average Heat
Flux

Water flow rate

Water pressure

Water velocity
Temperature rise

277 W/em” (at the tip of the
cone)

0.00063 m*/s (10 gpm)

2.34 MPa (340 psi)

6.2 nv/s

65C

Slope of the beam stop

3.5 cm/cm

docdb.fnal.gov/cgibin/RetrieveFile?docid=572;filename=Ellis_Beam_stop_engineering_review_6Feb02.pdf;version=1

2. “Thermal and Structural Analysis af a Beam Stop”. SNSO01_PUB_0547. http://www.sns.gov/diagnostics/papers/Physics%20-
%20Model/Publications%20and%20Presentations/Thermal%20and%20Structural%20Analysis%200f%20a%20Beam%20Stop.pdf
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Project X Prototypes: HINS Beam Absorber

Energy Beam: 3 - 10 MeV
Intensity: 1% of 25 mA (5-10*8 p/hr)

Power: 0.75-2.5 kW
Operation: 500 hr/year
SSSSSSSSSSSSSSSSSSSSSSSS imulations”. http://beamdocs.f ov/AD/DocDB/0035/003597/002/HINS mokhov 042810.pdf
e HINS Linac Shielding Assessment”. http://projectx-docdb.fnal.gov/cgl-bln/RetrleveFlle.dOC|d=655



http://beamdocs.fnal.gov/AD/DocDB/0035/003597/002/HINS_mokhov_042810.pdf

2¢ Prototypes: 20 MeV Beam Dumps for
Cralect & A Korean Proton Accelerator

- Beam dump material : Graphite (IG 430), Copper (OFHC), SUS 304

- Brazing filler metal : TiCusSil (Ti: 4.5 %, Cu : 27.7%, Silver 68.8%) : tails= 5cmx5cmx1cm
- Two plates (30 cm x 60 cm, angle 15°)

- Power : 96kW (20 MeV, 4.8mA)

- Peak heat flux : 200 W/cm?

- Maximum Temperature : Graphite : 223 °C, Copper : 146 °C, Cooling Water : 85 °C

References:
1. C-S.Gil et al. “Beam Dump Development for a Korean Proton Accelerator”. Proceedings of HB2010, Morschach, Switzerland.
THO2AO02. http://epaper.kek.jp/HB2010/papers/tho2a02.pdf ; http://hb2010.web.psi.ch/talks/THO2A02_talk.pdf
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.'Il'.
P,Qiectx Prototypes: 20 MeV Beam Dumps (details)

Ref. boundary

Activation analysis: SE——

* MCNP Calculation;
» Table shows residual activity after 3 hours

operation with 20 MeV, 4.8 mA proton beam 20V
Proton
Comparison of the Residual Activities in Proton stopping. |— s . et by
Graphite and Copper Beam Dump eI Clem  3Sem  06dem 285em
Pur—— Model for MCNP CaIcuIation
Activity (Ci 10 : : : . ; .
Particle Total :E;——Graph'te :
Graphite | Copper | SUS Activity 10* {“Cpp
Proton - 9751 :E b T
Copper 10276.9 e T
Neutron 521 4.9 . . . . . s . : s s
Cooling Time (Hr)
Note: 100 MeV dump was designed using copper

06/18/2013 APT Seminar: PXIE Beam Dump 7
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Project X PXIE Beam Dump Layout

The primary beam absorber (dump) for the PXIE 30 MeV CW H- accelerator is located
at the end of the diagnostics line downstream of a 20° vertical bending magnet.

30237
32187
32430
32530
33037

e ]—— 30037
] | | —— 30437
]
/— 31243

7~ f
\ | \..\ |

Q32F ," Q32D BODUMP

= - = T T e e i s — e — e — _I.DIJMP ................ —

1.3m ——>

IPBPM 32

ISLW32
BSWIPX
BSWIPY

Mechanical Engineering layout of the end of the diagnostics line and the beam dump (not
updated).
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Beam Geometry (30)

T
30

29
Distance from RFQ

Otegm = 3mrad =0.175°

APT Seminar: PXIE Beam Dump

06/18/2013

mm

PXIE Beam Dump Layout (2)

sweeping magnet cross-section

Parameter Unit Value
Magnet aperture (diameter) mm 34
Integrated dipole peak field T-m 0.04
Magnet effective length mm 200
Good field area diameter mm 23

Field homogeneity at 11.5 mm radius % t16

Peak dipolefield inthe magnet center T 0.2
Peak / R.M.S. current at 60 Hz A 250 /177
Total power w 810
Copper conductor with the coolinghole | mm 6.5x%6.5 dia. 3.0
Coil number of turns 12
Power source AC, 3-phase, 60 Hz
Magnet width / length mm 280/ 260
Water pressure drop MPa 0.4
Water temperature rise °C 24

9
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Pm?e_";tx PXIE Beam Dump Layout (4)

Beam Dump: 50 kW

Power Density, Wiem?

Sweep
Magnet

m 0,=2°
0 . e Lyep=120cm
Z.=143.6 cm
|, | Local ‘ AN ’ Z =123.8cm
Shielding L * Absorber Z,,,=166.4cm

out

Ldump=43 cm

L

gap

06/18/2013 APT Seminar: PXIE Beam Dump 10
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Nickel vs. Graphite

E, 1
@ ( dE
Lst(Ekin) = J [&j dE;

emult (Ekin) = 136ﬂ(|:\[/|)ev , )L(St [14‘ 0.038-In %J
0 0

It Beam Dump Materials

Multiple Scattering:

Stopping Power dE/dx, MeV. cmzlg

g0o

700

300

200

—_
o
o

Stopplng Power for Nlckel and Graphlte

Nickel (p=8.908 g-crm’ )

L. - T0, e S Graphite (p=2.210 g-cm’ ) |
o' 10° 10° 10t

E,,keV

06/18/2013
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Stopping Length (Lst) for Nickel and Graphite Multlple Scatterlng for Nickel and Graphlte
: w S S Sl . 2 s EREaR : : 2 i d Nlckel(}( 1423l:m)
Graphite (X,=19.321 cm) ||
Nickel (p=8.908 g-cm™)
Graphite (p=2.210 g-cm™) ] ;
2 3 T .. F 10° 10*
E  , keV
in’ kin
. —
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proiectx ~ Data for Beam Dump Materials

0=2"
Lo
, Proton Stopping Length stopping |
10 s SN R B E R 37 3= 38 T B B Bk FPEEEER S5 B E
£2 B Pk . l4a—>
Graphite 2°
RO . 6=90°
Nickel Lstopping E=30 MeV
L 0=2° 2 6=90"
'stopping” Sln Lstopplng E=30 MeV
\EEIE] L. (90° Lo (2 ) Eos
MeV

10 WEE 0
kin' 1950
) o ~4.0 30 MeV C 5440 200 4.75
Effective Cu 1950 70 4.0
stoppmg (MeV): =475 Fe 1950 70 4.0
Al 5440 200 4.75

06/18/2013 APT Seminar: PXIE Beam Dump 12



3F Back Scattering (1)

Project X
Back Scattering Simulation: Code SRIM
50,000 Incident Particles
Distribution of Incident Particles
50000 Incident Particles: g, ., =88.00°, o, =0.174°
Back Scattering Geometry - incid
Back scatteing 3000
Target direction
normal M, E,, 2500
Incident
direction—~._ M, E;, TN
,______e_bs_\ & 2000
/ //, ainc '\\ \ %
' Dps), © 1500
X ; o
e ot 1000
Target a00

0
872 874 876 878 88 852 884  ©B86 888
g, degree

06/18/2013 APT Seminar: PXIE Beam Dump 13
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Back Scattering (2)

Particle Distribution vs. Back Scattering Angle
50,000 Incident Particles

Nickel

Graphite

Particles

Back Scattering (12300 Particles): <ebS>=85.23°, o, =5.58°

b3
2500
Back scatteing
Target direction
2000 f--- normal ME, -l =
5
Incident
direction M E,»,,f 8,, 3
R i s
1500 / y /> ab:
f T :
/ 3
v/‘ -----
1000 b /
[
Target
SOm------- PR T e L R % ...... Nesssds ALIrsL3d [
0 | | | | | 2

0 10 20 30 40 50 60 70 80 90 100

Back Scattering (1847 Particles): <ebs>=86.040, o, =4.86°

bs
o ! ! ] ) ! ]
250k o T, ............ T .......... A
aam ks s ........... AT SR ........... s i P
" : : : 3 :
2 4 : . 3 .
0 | soevsson B e R o]
£ 1% : : ; 2 :
& : :
O_ 9 . z . 3
{11]17| P e Brsngs R P
-1} IR —— ........... fnennnnes
U - | - 1 1 e p—
30 40 50 60 70 ao 90

100
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Project X Back Scattering (3)

Penetration of the Back Scattered Particles to the Beam Dump
50,000 Incident Particles

Nickel Graphite (Carbon)
Back Scattering: <MD>=13.86 ym, 0, p=11-18 ym Back Scattering: <MD>=42.17 yym, 0, p=27-51 ym

3000 T T T T T T 180 ! T ’ J
Total Particles: #12300 R S . T e I

2500 ' ' ' ' Totat Particles: #1847
b 211 | Cptapesh ................. R RRRRREE : ................. ................ !
2000 120} .- [ . ................. ................. ................ -

w 7] :
Ko @ 100 [ R PR RREE TR EAEE ............... o

'% 1500 E : :
< < 680} N, PR ERTPTTRPPIPRS ETTER PP PPRRRTEe

o Q. § : 5
1000 GO |- FO ... ................. ................ g
A0 N ... ... .. ................. ................. ................ .

500 : : :
20 ................. ................ il

0 0 . =i
0 10 20 30 40 50 B0 70 0 50 100 150 200 250

MD - Maximal Depth, ym MD - Maximal Depth, ym
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3¢ Back Scattering (4)

Project X

Penetration of the Incident Particles to the Beam Dump
Data for Beam Dump Materials :

70 um 200 pm
Nickel / Graphite (Carbon)
Inside Dump: <MD>=86.35 ym, Gr-\.m:ss'm wm Inside Dump: <MD>=165.69 ym, 0, p="7-80 ym

7000 - r T - . 14000 . ! ! . ; ; : [ .
' Total Particles: #37700: : : : ; : ;

000 -~ [ b 12000

5000 f-- 10000 |

§ 4000 _$_ 8000 f
o - o :
T : i :
© 3000 |- ©  BO0O
o ; 0. :
2000 f-- 4000 |
1000 |- - 2000 |
0 ol : :
O 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
MD - Maximal Depth, ym MD - Maximal Depth, ym

06/18/2013 APT Seminar: PXIE Beam Dump 16
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Project X

Inside Dump: <MD>=86.35 ym, 5, =55.61 ym

Comparison of the Penetration to
the Beam Dump of Incident and
Back Scattered Particles (Nickel)

7000
B000 [

5000 [--

//

4000 |-

Particles

3000 }:--

37700 Particles: <MD>£86.35 ym, GSD;255.61 um

12300 F;’artlc:les: <:MD>T~.13.8:6 gm;z GSD?.I 1.18 ym

2000
BO00 e~ - F- g -t T L UL B TG

1000 }:--

L
O 50 100 150 200 250 300 350 400 450 500
MD - Maximal Depth, ym

\5\
o

T

.

v

A

i

Back Scattering: <MD>=13.86 ym, 5 =11.]
2ue ! ! ! ! ' ! & 4000 S Pk i S S B et R Ay ke puERaEpaEn .
: ;Total Piamcles:E #1230(? : § B cbsorbe
2500 |- THE A A S E I Eack Scattering
3000 - R Femmee- P EEE R T IEEEEE —
: : : : ; o ' : ; : ] )
2000~ S—------ R R B SRR S
@ : ' ' ' ' : : : ; . : : .
2 = e S THR L ]
= ; :
o ; : : ; :
N S B T R B e s S S
. : A
: 0 50 100 150 200 250 300 350 400 450 500
0 10 20 30 40 50 B0 70 =
D Meral Dot MD - Maximal Depth, ym
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Project X Back Scattering (6)

Particle Distribution vs. Energy
50,000 Incident Particles

Nickel Graphite (Carbon)
Back Scattering' 12300 from 50000 Particles Back Scattenng 1847 from 50000 Particles
450 T 80 .
» . <E _>= 14 508 Mev % . =7 409 MeV <E > 13 309 Mev o _7 306 Mev

350

300

250

200

Particle
Particle

150

100

50

06/18/2013 APT Seminar: PXIE Beam Dump 18
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Project X

Energy Distribution vs. Back Scattering Angle
50,000 Incident Particles

Nickel Graphite (Carbon)
dE{debs - Distribution of the Back Scaterred Energy dE:'debS - Distribution of the Back Scaterred Energy
4 %10 ! | : e |! : ! 4500 , , 5
ol 1epPandes i NG ol | o . 1847 Particles .} _
Back scatteing . X : .
.. :2:!:; Ai’:ﬁon .__*i ______ ___;_"_ L 1) | A e ................................................... 4
Incident H : 5
direction 3000k s anny R R O e N P L O RN SR N SLRIP UM PORNY o, et
3 1 |3 z
E_ - | S—— — .  S— . W - i
.8 2 & =1 -\(/'J
5 %_Q 2000 F et ...................................................................... 4
w15} 2 L ;
© © 1500- ........... i
| T T TP PP T TS IOTTINEED £ RRIPPRRE. T - ;
E S 1 [1] o) e — ...................................................................... ]
- [N YRR FRTSI SOU W B N . = :
E L70] 1 PRI IUTE [TTYVORIY YYRIVETORINTS FORMVY: [, NTVORIINE: SV
&0 g3 B0 65 an
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Particle Distribution vs. Energy and Back Scattering Angle
50,000 Incident Particles

Nickel (12,300 Particles) Graphite (1,247 Particles)

30

180

160

140 .-

(]
o

.|

100 .-

80 .

Particle

=
o

Particle

B0 .|

40|

20

L

48
E,.. MeV
pss M€ ey

6,.. Degree \))
EMeV 7 L

So
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Nickel (10940 Particles)

Back Scattering (9)

Particle Distribution vs. Energy and Back

Scattering Angle (Near the Grazing Angle) Graphite

Particle

B0

25 i

' .%1 0,.. Degree

06/18/2013

APT Seminar: PXIE Beam Dump
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3F Back Scattering (10)

Project X

“Power” Distribution vs. Back Scattering Angle

P(6,.)= 1 J‘dEb.SdQI; where: D|rect Z E
I:)Direct 0 do Incident

Nickel Graphite (Carbon)
P(Bbs) - Distribution of the Back Scaterred "Power” P(e, ) - Distribution of the Back Scaterred "Power"

° ! ! ! ! ! . 03 ! 5 ! !
12300 Particles ' : ' :

08k e ..... 184?§'F’-articlefs ........... ............ _

1574 BT R P Sheus v G e b SRR ........... 2 ke

11T R ey R ............. B e g, P

05k P ............. I, ............ e

04k S 2 S ............. B o

0:3: Erusrasnnunivnnurrnsny ............. ............. ............. ............ e

P( Bbs), % from "Direct Power"
P( Bbs), % from "Direct Power"

s L — — ............. S Ep— ............ hroesed

115 1| OO RO ............. 2 ............. -

60 63 70 79 g0 [its) 90
gbs, degree
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3F Back Scattering (11)

Project X

Resume:

For 2° of incident angle ~25% (nickel) and ~4% (graphite) of
the particles are forward scattered from the surface with
much wider energy and angular distributions (o, ~ 7 MeV
and oy~ 6°). They carry out ~6% (nickel) and ~1% (graphite)
of the power of the incident beam.

Penetration depth in the material of the absorber is
different for the forward scattered (MD=13.9411.2 um for
nickel and MD(=42.2+27.5 um for graphite) and stopped in
material particles (MD,,,, =86.31£55.6 um for nickel and
MD;=165.7+77.8 um for graphite).

06/18/2013 APT Seminar: PXIE Beam Dump 23
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Project X Sputtering (1)

* The absorber material must have at least a 5 years lifetime under
assumed irradiation conditions. It must not create a large neutron flux.
The blistering and sputtering properties of the primary absorber material
IS @ concern.

* Several materials were considered as candidates for the inner surface of
the absorber: nickel, graphite, aluminum, and copper. The current choice
for the primary absorber material is nickel [SNS,HINS].

Nickel:
* Has good thermal properties,
* Low residual activation,

* (Can be brazed to copper,
* Small value of a stopping range. At the proposed incident angle of 2°

the stopping depth from the surface is ~70 um (consistent with SRIM
simulations).

06/18/2013 APT Seminar: PXIE Beam Dump 24
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Sputtering (2)

1
\
\

Sputtered
particle ¢

Incident
particle

ticle
1]

s

Sputtered
par

ident
icle

Inci
part

. Sputtered
Inud_ent particle
particle )

\D/yo

o s
/ O
¥
(]
(o]

Thermdl Shock
Mechapism il

Surface\layer
Interior grea

¥ Interior area
inear Cdscade
Mechanism Il

L

Interior area

Surface layer
Q
ect Knockout

Mechanism |

Ir

|D

ing:

| Grazing
land Il

Oblique
Iland |
Iland |

Light lons

Three mechanism of sputter

Iland |

(%)

=
o

>
S

(5]

(<))
T

ith Carbon

ing w

on Sputter

Prot

10° 10° 10°

10°

Proton Energy, eV

analytical evaluation)

th Nickel

Proton Sputtering w

uojold/wony ‘plaIA

Proton Energy, eV
Normal incidence (red line

25

: PXIE Beam Dump

APT Seminar

06/18/2013



JE
E 3

Project X

Sputtering (3)

Angular dependence of sputtering yield incident for light ions

E.okeV Target f 0, Y(6) = 7(0) exp(—(1/cosf — 1) - S) where:
0 = ) — .
2 Mo 240 818 (COSH)f S = f Cosgopt
8 Mo 280 82.0°
1 Ni 234 783 . :
) N 2g7 g Comparison of the Experimental Data,
I * ! . . . . .
Analytical Estimation, and TRIM Simulation
Sputtering of Nickel Due to Protons Sputtering of Molybdenum Due to Protons: E=8 MeV
14 I I I I I I T T 25 1 1 1 1 1 I I I
Estimation with (11): E=1 keV; x - Experiment : : »  Experiment : : :
Estimation with (11): E=4 keV; X - Experiment Estimation with {11)
||| pl SAb AL Al Shbl AEARA Al bl ek i o TRIM simulation 5 5
o | e e E -y
o =
. | S i i
o ; g ; ; o : : E : E ; :
s - - > IR il
o L S s T  —
; : ; : : : A ; ¥ . : : : :
o 10 20 30 40 50 80 70 80 90 Lt EE U I SR
emCMEnc€ degree Siciicnce Segres
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Summary of Sputtering fo
some Materials

Beam:
E,=30 MeV; I=1.7 mA;
-)Np=1016 p/sec; o, =0,=1mm

Sputtering (4)

'i Value/Material Nickel Copper Carbon Aluminum Iron
d, Density, g/cm® 781 8.92 2.267 2.7 7874
M,,.., Weigth of atom, aum 56.69 63,55 12.01 8.27 5,847
V..., Volume of atom, em® 126107  1.19.10% 8.9.10% 167-10%  1.18.10%
Y, VYield, atom/proton  22.10°  49.10° 34107 76107 16-10°
Sy SPuttering, atom/sec  22.10%  4.9.10" 3.4.10" 7610 16.10"
Syear: SPUtEring, atom/yea 15-10° 24107 52.107
Syomy» SPULtEring, mm/year 1.0-10™ 22100 34107

Maximal values (for corresponding proton energy, keV)
Y, Yield, atom/proton  1.7-10%(~2) 3.6-10%(~2) 1.210°(~.5) 18107(=~.5) 14.10%(~2)

Sy SPUttering, atomfsec  17-10“  36-10* 1.2.10" 1.8-10" 1.4.10"
Sy SPUttering, atom/year  5.2.10%  1.1.10% 3.7.10% 5.6-10% 4.4.10%
Sinnpr SPULtETinG, mm/year  0.367 0.747 0.184 0.524 0.293

Resume: | qump the phenome

Parameters of the proton beam in the fall it on the nickel PXIE beam

duration of operation of this device.

non of sputtering is negligible in terms of expected

06/18/2013
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Project X Blistering (1)

* Protons penetrating inside a material are trapped and form gas molecules
clustered near defects. The gaseous ions create bubbles with high pressure
causing blistering and flakes. Bad thermal contact with surface causes material
evaporation with higher exposition. This is the mechanism for surface erosion.

» Typically, first blistering is observed at deposition in the range of ~10%!- 10%
ions/cm?; above 1023 ions/cm? flakes and blisters are eroded by sputtering.
Nickel is one of the best materials considered as material for reactors;
blistering in nickel starts later than in many other materials (Cu, AL, Nb, Mo
etc.).

e Taking into account this rate, surface of dump ~0.1 m? and total expected
particle per year in absorber we estimate that the lifetime of an absorber with
5 mm nickel thickness is ~10 years. We assumed penetration length in Nickel
~70 microns for 2° incident angle and this layer will be removed when fluence
exceeds 1023 ions/m?2.

06/18/2013 APT Seminar: PXIE Beam Dump 28
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Project X Blistering (2)

Different Types of Surface Deformation

3
2
3 " 0= Al
= e = 55
£ 8 ' 20-300keV He'= { o & o
= BLISTERS 3 eV hNe==93Y +=v . .
: M Threshold for a Blistering Start
g & . FLAXES Ao B
d ¥ . | v =
& 041 : v = : Material lon [E,MeV |T.K| D_,10%¥cm2 Je
z i o oyt "WAER Steel H- | 25 ]300 0.6
= ' - 1' SLISTERS, HOLES Al, Ni, Mo H | 20 1.0
£ 02 E ] o v Ho | 20 20
: | ./
& ' ag® Nb D | 250 |970| 120
o ;. S— Bioamaesmmseranas Cu D- | 200 [350 7.0
2 : ] W H- | 1760 | 300 5.0
E 0 02 0. C6 08 Au H- | 1760 | 300 | 80
S HOMOLCGQUS TEMPERATURE T/ Ty Ta H* | 1760 | 300 >10.0
Amorphous alloy H* 250 >15.0
Ni, ,Fe Co,,Cr..Mo B,
Ni Ho | 900 | 450 >1.2
Beam 1 mA/cm? =6.25:101> cm2-s! exposed during 160” provides fluence D ~ 108 cm™2 ==t

06/18/2013 APT Seminar: PXIE Beam Dump 29
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Evaluation for Nickel Beam Dump
o Diffusion of Hydrogen in Nickel
By EEE e . BC_ <MD
‘_'m [l ............. .............. ............ 4 ~ = m S . Tdr[‘f ~ 2D ~ 2D ;
K s e A . A , I
‘ 70 pm 3
S T =~ (2.5+25)-10°s
é ' ‘ ' . diff =~ 2(10—13 =10 12) m S—l ( )
& s ; L N
S IS ST AR ¥ o 4 | ]
———— {0 et a7t P g o <@7417).10%em
: : : : % Dump Cm diff

0.5 1 15 2 25 3 35

1000/T, K’ (D << (D

blistering

Parameters of the proton beam in the fall it on the nickel PXIE beam
Resume: | dump the phenomenon of blistering is negligible in terms of expected
duration of operation of this device.
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3F Blistering (4)

Project X Evaluation for Graphite Beam Dump

. . 57 -
Diffusion, cm~s L

g lefu5|on of Hydrogen In Graphlte R.Schneider at al. “Plasma-Wall Interaction
iﬂ?ﬁ.ﬂfgﬁéﬂ IS0-880U, 1G-430U) — A Multi-Scale Problem”
Warrier (Simulation) H P Ror Max-Planck-Institut far , EURATOM A ':/;;,/

Wartier (Simulation)
Warrier (Simulation)
—&— Atsumi {IS0-880U) i
—w— Atsumi (1G-430V) 1e-08

GEMEINSCHAFT

Meso/macro-scales

Herrero (Simulation)
Warrier (Simulation) 1e-10 | standard
Warrier (Simulation) graphites
: Warrier (Simulation) le-12 [
3 Warrier (Simulation) D( 2 )
......... P AL L cm</s)
: 3 : : le-14 | 1
i highly saturated
o graphite
le-18 | 1
1e-20

0.5 0I.6 0L7 6.8 0I.9 I II.I I’.2 ll.3 14
1000 /T (K™

Large variation in observed diffusion coefficients

-20 1 ! ! ! ! !

10

0 0.5 1 1.5 2 25 3 35

=1
1000/T, K
Diffusion coefficients without knowledge of structure are meaningless

200° um? _
2.107P r;lZs—l ~2:10's;
D>

D, ~ [Ty <1.4-10®°cm™:

Strong dependence on void sizes and not void fraction

—~1N0-152a-1 -

prtcl blistering

~7-10% 2=
cm

Q

Dump
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e Water Cooling (1)

30,000

; Reynolds /
ater cooling 25,000 y
channel

20,000

o / /
Parameters: 15,000 j./'/.
Beam Dump: R=5 cm, §_=2 9 /
T L] = 10,000 /

140 . .
120 <;dP/dx> Re ~ 30,000 //.///.
Qe e o e B s s e e Velocity = 6m/s 5,000 -
gabmwm@mmmﬁmmmmmmmmg ______ A Flow ~1.2g/s r”""
<0 I | N N W N N AP ~4 psi ° ' ' ' ' ' '
s N , 0 1 2 3 4 5 6
B ; i ; ; : oves ] a”~2 W/cm K Diameter of the water channel, mm
7 0 1 1\ 4.0 | | ! !
L) U SN /N0 SR SO SRR P SSPS S ==v=2m/s
: : : : : : 35 a [W/szK] =l=v=4 m/s
i ==l=\=6 Mm/s
-20 20 25 30
oD Coul 2.5 \\
Nu = 0.023 - Re®8Pr033; or o Nud 15 .\'\L_L%i
(f/8) (Re — 1000) - Pr > D 1.0 —
Nu = 13 ‘T‘ *?
14127 -(f/8) “(Pr2/3 — 1) 0.5 : : :
_2 0 1 2 3 4 5 6
where: f =(0.79 - In(Re) — 1.64) dimeter of the water channel [mm]
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Project X

Surface: Temperature (degC) (degC)
Contour: Temperature (degC)

A127.05
64

I 62
60

58

52
¥ 52326

Surface: Temperature (degC) (degC) Contour: Temperature (degC)

T ~127°C (115°C for pure N\j

W IlZU

110

all max

P.Avrakhov, Euclid

W 52,326

06/18/2013

Cooling (1)
Nickel. Temperature & stresses (Code Comsol)

Example of temperature analysis:

* Power 50 kW, Heat flux max = 80 W/cm?
* Nickel200 5mm (SNS-like) -5mm + copper

30mm

* cooling channels @5mm, N=40; T ; = 30°C;

280

260 -

240 -

220

(MPa)

stress

140 -

100 +

80 -

Stress, MPa
Ni(100%)
Nickel-200

Duranickel 301

Nickel 200 and Copper:: von Mises stress (MPa)

200 -

180 -

160 -

0 2 4 [ 8 10 12 14 16 18 20 22 24
Arc length

Ni, min Cu, max Ni - Cu
164.66069  95.74645 68.914
149.47525  95.73952 53.736
207.72645 108.00045 99.726
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# Cooling (2)
Project X Graphite: Temperature & stresses (Code Comsol)

Surface: Temperature (degC) Centour: Temperature (degC)

w
A 133.00
13 1
1 130
] 120
] 110
1 100
i Line Graph: von Mises stress (MFa)
(5
90
1 T T T T T T
1 50 500 | s
1 70
450 | 1
80
N 400 | 1
h 50
64 86 88 70 72 74 76 78 80 ¥ 40.694
Surface: Temperature (degC) Contour: Temperature (degC)
@ 5 350 | s
A 133.09 o
12 £
130 o
w
u T & 300 .
e
o5 wall 2
120 o
9 w
= 250 | s
8 110 c
o
. >
6 8 200 + ]
s
90
4
150 | s
3 80
2
70 L i
N 100
0
60
<& ! ! L 1 1 T —
3 - 0 5 10 15 20 25 30
50 52 54 56 58 60 62 64 66 v 49.694 Arc length
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Radiation Shielding (1)

PXIE Enclosure

2L - Az i 2 i e g 2.2 e AR i

6'-0° g:-0* CLEAR ZONE

—~| 54 |-

S AP P R AR | % J D"“@_E%*"

5'-5*

216 CMTS1 | (1473.4) =
54864 I ’Slmlﬂ!’
|[ : 1 /“ 3\.1 T B T — D”D /
v l/Q - LA RIR|R|R|[R|R[R|R[R|R[R|R|R|R] / 4L
B {\_ l- > :- _I._ ?3‘%"& -'!ln”&mo ’
- E s u | e [eRRRRREEEE (e f'J;I*
o 54 L5581 4 KA BF~ =HIR 4 Kb FF 3 7
5 5 = A T i 1 i
= Tl e L T T RS2 Sy h ear ar gearan arabtar  LP
o % 1 B R
— {27432 {4572.0) PXIE r - 54 o]
[ — ..E_..._l._ _,Q.E,, J— _ 4 5
= -e:j 014G05TIC NEBT ’ T o Fo Ae _L _r
= ',,T..,l SECTION * {2.0) & LERT 55]—- = J
v ] ) 0 S O Ui 0 llllll--“ﬁrél,'- HHHHHH%_&'
=< PFQ R
I I I I_LI HEFNEEEEEE RS (0 0 3 < A b L RRL
8388.650 W

M=le e THI., Bl =6 01 T i}

| Y] s e B S () () e () ) ) s ) [ (TP (|
| O ) =

; B 0 R 253 R VS 1 e (lemey 1) ) oy 2 W) (2 e N 5 s ) 1 Vs I e I =D = A S S R =) S U = s U =S
) ) ) T Y O I I I [ ) R ], ) I = =
| 51.181
biamy L
= TR R B Il o o P ot g S -
/‘k/"‘ (SEACISRAT o) (SRR A g R it N SR dIbehronr s nrd: 7omge

1

|
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Radiation Shielding (2)

MARS Model of PXIE Enclosure

Plan view

1
3 .00x10>3 cim 4.50x10>

Side view

11 A _S50x1 0>
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3¢ Radiation Shielding (3)

Project X

Radiation Shielding Requirements

Radiation shielding of the PXIE cave and local shielding of the beam dump must
meet the following main requirements:

The beam dump shielding has to provide suppression of the radiation
originated from the beam dump surface by no less than 1073;

The beam dump shielding and PXIE enclosure shielding has to provide the level
of total prompt dose at the exits of the both (downstream and up upstream)
labyrinths and the entrance to the CMTS1 hall of no more than 0.05 mrem/hr
(5-10% mSv/hr);

To provide the level of total prompt dose on the roof of the PXIE cave no more
than 0.25 mrem/hr (2.5-103 mSv/hr);

To provide the level of the contact residual dose for walls of the halls (PXIE and
CMTS1), and equipment no more than 0.05 mrem/hr (5-10% mSv/hr);

To provide a yield of dangerous radionuclides in the soil under PXIE cave no
more than 20 pCi/(cm3-year).
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3 Radiation Shielding (4)

“Sandwich type” Local Shielding
(+ Primary and Secondary Particles)

cm

100-

50-

-50-

I
350 420 490 cm

Case_05-fin

06/18/2013 APT Seminar: PXIE Beam Dump

MARS Model of the Beam Dump

Concrete Local Shielding

100-

50-

I 0 I
300 400 500 cm

Case_09
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Project X Radiation Shielding (5)

Beam Dump Cases Simulated

Beam Dump -
. Shielding Beam Dump
Beam Dump Materials

Material configuration

Iron Polyethylene ,
Oblique
, 60 cm 20cm
Nickel Cooper
Concrete Concrete ,
Horizontal

, 60 cm ~50 cm
Carbon Aluminum
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P(Q?gztx Radiation Shielding (6) | .

7

45-

Beam Dump Attenuation

Typical Prompt Dose (mSv/hr)
Distribution (case_05-fin):

-45-

Table: Beam Attenuation Results: B

Total Prompt Dose
Beam Dump b

Case Value, mSv/hr Accuracy, %  Value, mSv/hr

05-fin 4.5-107£3.9-10% 0.1 2.1-10%+1.0-103
4.3-107+8.5-10% +0.2 5.5-10317.5-10?
4.8-107+-4.4104 0.1 7.5-10%+-3.5102
7.7-108+1.3-10° +0.17 5.8:103+1.6-103
3.0-10+1.1-10* +0.39 33.0+£10.0

Point “1” Point “2”

Attenuation:

Accuracy, % 2
4.8 47-10°
+13.6 13-107
+46.7 1.6-10°
126.7 0.8:10°
+30.3 1.1-10°

Resume:

requirements)

Local shielding provides the required level of the attenuation (item 1 of the

06/18/2013 APT Seminar: PXIE Beam Dump
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IF Radiation Shielding (7)

Project X
rrolect & Exit from Downstream Labyrinth (1)

Unfortunately MARS simulation during a 3-7 days provides an unacceptable statistical accuracy of the
prompt dose calculation at the exits of the labyrinth (estimated accuracy +100%). Due to the analytical
evaluation of the decreasing U of the prompt dose for single “leg” of labyrinth was used ) (L is a length of

leg and S is a cross section of the labyrinth; X=L/\S ): U (X) (]__|_ X) (2.275+0. 384In(1+X))

Attenuation coefficients of each Leg (Comparison with the MARS

Downstream Labyrinth
Simulation Data; Case_06-2):

(Sizes in Feet)

r_ W e j] MARS simulation Attenuation: U=P,,,/P,
‘ L
. l 10’. 94 ' Prompt Dose, Statistical  MARS Analytical
| . * il | mSv/hr Error, % simulation Formulae
LT TR et ® ] | 956 + 81 8.5 - -
MmN PR 3481514 14.8 0.364 0.156 AR—eSIU?e'I
t 1 ! nalytica
= RN 379:106 28.0 0.109 0.110 |
[ ] EE 221+030 13.6 0.058 0.059 | can be used
I B 132029 22.0 0.757 0.156 | to evaluate
| 4 B 11450525 46.4 0.856 0.080 | prompt doses
L = k=5 Fi B o0.18+7.410? 41.0 0.138 0.144 | at the exits of
58 1
% [ 1.0610245510% 515 00094 00176 | |abyrinth
Beambump _IEEN 1.27-102+1.2.102 100 0.071 0.059 J
06/18/2013 DGR 229100 41.2310%  53.7 0.180 0.102 41
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Project X

Radiation Shielding (8)

Exit from Downstream Labyrinth (2)

“) 1. Baishev, N. Mokhov. “Firming Up the SSC Access Shaft Calculations”. SSCL-521,
September 1992.

So, the total attenuation coefficients for exits from downstream labyrinth are:

U1—1o :U1—2 ’U2—3 'U3—4 'U4—5 'U5—6 'U6—7 ’U7—9 'U9—1o zl.l-lO_S

and

U,e=U,U,;-U;,- U, U U g~ 9.6-10°"

These two coefficients of attenuation were used to estimate the prompt dose

value at the exits of upstream labyrinth:

Labyrinth’s Prompt Dose, mSv/hr
Beam Dump s Main Exit  Exit to CMTF1
Case ntrance aln exi XIt to Resume:

of Labyrinth  (Point 10) (Point 8)
BT 231108 7.54.10°5 2.22.10°3 Local  shielding  provides the
BZEI 956100 | 1.0510°  9.1810% | required level of the prompt doses
BER 438100 482107 421105 | outside the PXIE shielding enclosure
A 231108 2.54-10” 2.22-10° (item 2 of the requirements)
DNER 298100 328107  2.86:10°

06/18/2013
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Project X

Radiation Shielding (9)

Exit from Upstream Labyrinth (1)

Another approach was used to estimate the level of the prompt dose at the exit of the
upstream labyrinth. Firstly, the dependence of the prompt dose on the distance from beam
dump was found from MARS simulation. Two sets of data were analyzed: Case_06-4 and
case_06-5. First set was received as a “typical” MARS data. For the second set a much smaller
number of the primary particle was used, but a special “smoothing” allowed provide much
better statistics of the results (this approach is always used in subsequent simulations).

Both sets od data divide into two arrays each:
first is characterized by an acceptable level of
collected statistics (statistical errors <50%),
while for the second array statistical errors can
reach 100% (“bad” statistics).

Linear fitting of the “appropriate” data (red

Attenuation of Prompt Dose inside PXIE Hall

vihr]

[mS

Iogm DET

crosses) corresponds exactly to a diffusion | * Case0sdtapproprstasics) |
©  Case-06-4("bad statstlcg) :
propagation of the neutrons inside PXIE hall: Bl 2 PR
. © (Iiase-DG-SI("bad" staltstics) . i : i
—az —aZ+ —SDD 1000 1500 2000 2500 3000 3500 4000 4500
DET (z) = DET, -e ™ =107%**/ —
06/18/2013 APT Seminar: PXIE Beam Dump 43



- Radiation Shielding (10)
Project X Exit from Upstream Labyrinth (2)

Attenuation of Prompt Dose inside PXIE Hall

Two least square methods
(LSM) to fit the
“appropriate” arrays: with
(red line) and without (blue
line) taking into account
the statistical errors of the
data:

Dashed lines
correspond to the
fitting parameters,
which increase the
; : minimized quadratic
s - 7 4 functional on 1

'ogm DET [mSvthir]

ase-06-
LS "with

LSk " wnhout errors

i
lali] 1000 1500 2000 SUCI 3000 SSDD 4000 4500
Z,<m

Results based on _ _3 _
red” fiting. = (1.59054+£0.03509)-10°%, 3 =2.28441+0.05213

| | |
gy__@ o AW

For  Zyance =4251.96 cm DET,_ ... =(2.1+5.3)-10° mSv/hr
And using (*) with X =2.7067: DET, . =(5.7+14.3)-10"" mSv/hr

Local shielding provides the required level of the prompt doses
Resume: outside the PXIE shielding enclosure (item 2 of the requirements)
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) Radiation Shielding (11)

ProjectX  Eyaluation of the Prompt Dose Above the Roof (1)

Typical Prompt Dose Distribution Problem: 100% statistics errors

Above the Roof (Case 06 2 . . ,
5 ( -06.2) Solution: interpolation based on the
data obtained, where errors are small

z
yiz = 1:3.022e+00

MARS Data for 5 Layers Inside the Concrete Roof
(Case_07, beginning of the roof: x,=320.04 cm)

. x-coordinate, | DET, ADET, | 6DET,
ayer
¥ cm mSv/hr | mSv/hr %

322.54 1135.0 3416 30.1

327.54 660.0 1256 19.0
332.54 172.6 4858 28.1
L T 337.54 2113 453 214

Attenuation of Prompt Dose DET (Point 3: z=798.5 cm)
10 . . : . - . -

365.76 0.0283 0.0079 27.9

T T
* MARS Simulation

Exponential decreasing of the prompt dose
inside the roof:

DET =e*®" =D,
A=at, D =e %"

log DET, o\ mq

S

e ¥*  where

init

5 i i i i H 1 i i L
3z0 325 330 335 340 345 350 355 360 365 370
Height, cm
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) Radiation Shielding (12)

Project X :
CI2EET < Evaluation of the Prompt Dose Above the Roof (2)
| Point | Parameter | Case 06-2 | Case 06-3 | case 07
Parameters a, b, ﬂ«, Dinit are found from a, cm 0.06119 0.07352 0.20260
MARS data and determine the attenuation Ly G 16.34 13.82 4.94
o ) b 25.822 27.702 72.648
coefficient I = Dreq /D, and the required b . 5124 9430 42210
thickness of the concrete roof AH =—Alog(r) Dreq/Oc 98107 53907 20407
AH=- A log(r) 188.6 136.1 64.7
a, cm 0.07323 0.13178 0.23696
-3 A cm 13.66 7.59 4.22
Dreq =5-10 mSV/ hr b 29.211 46.307 82.860
Dyt 3221 62.31 1124.1
AH PXIE = 130 cm r=De/Djiy _1.6:10° 8.0-10°5 4.4-10°°
aH=-Alog(r) | 151.2 71.6 52.0 |
a,cm 0.09013 0.16811 0.25558
A cm 11.10 5.95 3.91
PXIE shielding enclosure N N N N
o rovi d es t h e requ ire d r=D,oo/Dpiy _4.5:10° 1.3-10 2.2:10
Resume: aH=-Alogl) | 111.0 53.3 509 |
level of the prompt doses TN SO SN
above the roof (item 3 of SR N AN "
the requirements) r=D o0/ Dinit 6.2-10° 5.3:10° 5.1-10°
oH=-Alog(r) |  76.0 78.2 5.4 |
46
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- Radiation Shielding (13)

Project X " :
R tads Tritium Production (1)
Channels for tritium production:
X * From beam dump materials with their subsequent migration into the soil;
* Irradiation of the soil’s lithium by the neutrons produced in the beam dump.

| Due to “low” energy (30 MeV) of the primary beam

. 6y . . _ 23 Psoil
Concentration of the ~ LI, in the soil: N6Li3 =6.03-10" =717t * 775 5V

soil

Parameter Value

Psoil Density of the soil 2.25g-cm
Heoil Molecular weight of the soil 20.4857 g:mol* In Chicago
T e Abundance of the lithium in the soil 29 mg/kg area
Neyis Part of °Li, inthe natural lithium 7.59%
vV, Part of soluble lithium in the natural lithium 5%

N, ~7.45-10° cm™
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- Radiation Shielding (14)

Project X Tritium Production (2)

Cross section of the reaction ° Li, (N, A) *H, was estimated based on the data for ratio of

the cross sections of Ege desired and7 “reference” reactions, and data for cross section of the
“reference” reaction B5 (n, A) H3

Reaction®Li_(n,A) °H 1

*  Calculated Data
Fitting

OLit = AT E[_GO&}];
Linear
Ting) A._; =0.00613 nb,
o . =0.4851

Calculated dependence
of the cross section on
neutron energy:

Cross Sections (CS), bn

107 10t o? 10"

107 1
Neutron Energy, MeV

|IE Beam Dump (Soil under Dump)
;u? . R N I S m:gsoaza d N n __ & . E —aspectrum .
5 ’ — "pectrum [Gev]
2 dE
Neutron spectrum &= _ A
(MARS simulation): II;T:ar > A 2.242-10
£ Iitting ectrum 2 ’
P GeV -cm?-s
. aspectrum — 10002
Neutron Energy, MeV
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- Radiation Shielding (15)

Project X Tritium Production (3)

Rate of the tritium production (atoms per cm?3:s):

The interval selected

Ermax dN El_(aLi—ﬂ +aspectrum) _ El_.(aLi—ﬂ +aspectrum)
Q =N, . - J. o,. .—dE =N, . AL Ag max min neutron energy:
' s Enmin - dE s - e 1- (aLi—>T + aspectrum) 10°+10" MeV
. dN PR T =50 year
Equatlon for NT (t) : dtT - _/’LNT * QT ! SOIUtlon. e ccumulation of the Tritium

N, (t) = %(1—e—“) T

~ @

where 7,, =10g2/1=13.35 year

— Qr 7y, (1_ 2t/ )

log2 :

Tritium Activity (pCi per cm3-year): f;>
Yr()=1-1-N¢ (0 PXIE Life Operation: 51

where f=1/037 disintegrations per s Toxe =5 year — o

Time, Year
Tritium Activity ime, Year

Resume:

An estimate of tritium activity in the soil under the PXIE
absorber vyields significantly smaller value than the
maximum acceptable value determined by Fermilab
safety regulations (20 pCi/(cm?3year))

YT , pCi l(cmg- year)

i i i i i H i i i
2 4 [} 8 10 12 14 16 18 20
Time, Year
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Summary

Conception of beam dump layout is selected

~25% (nickel) and ~4% (carbon) of the particles are forward
scattered from the surface. They carry out ~6% (nickel) and ~1%
(carbon) of the power of the incident beam

The phenomenon of sputtering is negligible in terms of
expected duration of operation of this device

The phenomenon of blistering is negligible in terms of expected
duration of operation of this device in the case with nickel beam
dump. Case with graphite requires further study

No serious problems with cooling of the beam dump

Local shielding provides the required level of the attenuation of
the beam dump and required level of the prompt doses outside
the PXIE shielding enclosure (both labyrinths and roof)

An estimate of tritium production in the soil under the PXIE
absorber vyields significantly smaller value than the maximum
acceptable value determined by Fermilab safety regulations (20
pCi/(cm?3year))

APT Seminar: PXIE Beam Dump
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Pro?e‘:tx Future Work

» Final selection of material: Nickel or Graphite
» For normal operation mode and incident scenario:

1 Distribution of absorbed dose associated with type of
particle;
[ Levels of induced activity in accelerator components

»>?77
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Back-up slides

APT Seminar: PXIE Beam Dump
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Lt
e PXIE Beam Dump Layout (1)

Length of the Beam Dump Location of the Beam Dump Power Density
Dump Geometry Dump Geometry Beam Dump: 50 kW
70 T T T T T ! 240 T T T T T T 60 } H H ! a
: ; ! : : L(39) : ; : : : %y (%)

b5 ; : : ; ; Smatile) 220 -2 ._.j,._._._,.j .......... i....,....j...,.....j,_, Zout(aa) S5 n
: 3 : ; v A
i 200 et c\JE *
50 180 3:
£ E ‘G 40 :
©as 60 § 5
= 35 y
40t--- :
. 120 25

s (0= @ 156 1I7 ; é 2!1 2.2

1.8 1.9
8, degree
L
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Project X Back Scattering (1)

Particle Distribution vs. Back Scattering Angle

Nickel Carbon
Back Scattering: <9bs>=85.23°, o, =5.58° Back Scattered Paricles: <g_ >=86.04°, o, =4.86°
bs ? hs
2500 , : : 300 : ! : , : :
12300 Particles ' | '
: : 250
2000 f-----
) 200
L, 1500 f----- s N B a
0 0

D D

o T 1s0f
) ]
pd ‘ : =
I s snefiunsanssnifensssaesenirnesaeng S ©

i ' : : ; 100+

500 _...-....-.; ________________________________________________________ 2
: S0
60 65 60 65 70 75 g0 a9 90
B, degree
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b Back Scattering (2)

Project X
| ... Particle Distribution vs. Transversal Back Scattering Angle
e Nickel Carbon
Back Scattering (12300 Particles): <abs>=0'020’ o =7.29° Back Scattering (1847 Particles): <c(b5>=—0.22°, o =6.47°

5000 T T T T T T T g0 T T T T T T T

4500 200

4000
600
3500
3000 pod

2500 400

Particles
Particles

2000 300

1500
200 |
1000

500 100

0 L .
-40 -30 -20 -10 10 20 30 40

0
«, , degree
hs
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Project X Sputtering (1)

__Incidence | Normal | Oblique | _Grazing _

Preferred mechanisms of

sputtering for light/heavy ions: . land | land |
Il Il and | Il and |
| — Direct Knockout; Il — Linear Cascade; Ill — Thermal Shock

Empirical formulas for normal incidence

The following parameters and empirical formulas are used to describe the sputtering

at normal incidence of particles of mass M,, charge Z,, and kinetic energy E on the
surface of material with M,,Z,:

1) Energy transfer factor ~ , _ AM M, .
M, +M,
2) Coefficient to factorize the cross section
0.249-(M, / M,)** +0.0035- (M, / M,)*°, for M, <M,,

a (M,/M,)= o
0.0875- (M, / M,)®* +0.165-(M, /M,), for M, >M, :

3) Lindhart electronic stopping coefficient
(M1+ M2)3/2 212/323./2

k, =0.079 ,
Mf/ZM ;./2 (212/3 + 222/3)3/4
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Project X Sputtering (2)

0.03255 M,

E;
zlzza/zf’3 +22° M +M,
5) Reduced nuclear stopping cross section (Fermi-Tomas model)
" 3.441Je - In(s +2.718) ,
S, (&)= :
1+6.355\¢ + £(6.882/c —1.708)
6) Reduced nuclear stopping cross section

S (E)=84.78— 222 M,

JZ2P+22F M+ M,

7) Values U, (surface binding energy), Q(Z,), W(Z,) (fitting parameters) and S(Z,)
(yield power factor) can be found for selected material from the following table:

4) Reduced energy ¢(E)=

Sy (&);

target  Z, U, Q w s
Be 4 3.32 1.66 2.32 25
B 5 5.77 2.62 4.39 2.5
¢ 6 7.37 1.70 1.84 2.5
Al 13 3.39 1.0 2.17 25
Si 14 4.63 0.66 2.32 25
T 22 4.85 0.54 2.57 2.5
v 23 5.31 0.72 2.39 25
Cr 24 4.10 0.93 1.44 2.5
Ma 2S5 292 0.95 0.88 2.5
F 428 0.75 1.20 2.5 .
Co 27 4.39 1.02 1.54 2.5
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Project X Sputtering (3)

arget  Z, u, Q w s
Cu 29 349 1.0 073 2.5
Ge 32 385 0.59 2.08 25
Zr 40 6.25 0.54 2.50 28
Nb 41 7.57 093 2.65 28
Ru 44 6.74 1.31 2.36
Rh 45 5.75 1.14 2.59 25
Pd 46 3.89 0.85 1.36 25
Ag 47 295 1.08 1.03 28
Sn 50 3.14 0.47 0.88 25
™ 65 4.05 0.90 1.42 25
T™m 69 242 0.65 0.85 25
HE 72 6.44 0.65 2.25 25
Ta 73 8.1 0.56 2.84 238
W 74 89 072 2.14 28
Re 75 8.03 1.03 2.81 25
Os 76 8.17 111 2.86 25
Ir 77 694 0.96 243 25
Pt 78 5.84 1.03 3.21 25
Au 79 381 1.08 1.64 28
T™h 90 6.2 0.63 279 25
U 92 5.55 0.66 2.78 25
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Project X Sputtering (4)

8) Coefficient 1

F:
1+ (M, / 7)°

9) Sputtering threshold energy
6.7y forM, >M,,
En=U;11+5.7-(M,/M
Y
After that the yield sputtering is determined from the following expression:

v(E)=0042F) @M, IM)  5,(E) {1_ \/ETZZ)
E

U.(Z,)  L+T(W)-k,-&(E)
Reference: “Sputtering of Materials for MEBT Absorber and PXIE Beam Dump”,
PX Doc DB ID: Project X-doc-1091 v-1

2) forM, <M, .
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Project X

Diffusion of Hydrogen in Graphite

Influence of Neutron Irradiation: ®_=3.9-10%° n/cm?

5 Diffusion of Hydrogen in Graphlte |G- 430U

P e e

@ Unirradiated ]

Unirradiated (fit) []
¢ Irradiated

Irradiated (ft)

Diffusion, cm?’s”

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

g R AT e e abe iare e e e e e v

Diffusion, cm?’s

lefu5|on of Hydrogen in Graphlte ISO-880U

e Unlrradlated i
Unirradiated (fit)
¢ Irradiated
Irrad|ated (fit)

-15 i i ] | ] ] | | |

074 0. ?8 078 0 8 0. 82 0. 84 0. 86 0es 0 9 0. 92 0.94 0.75 08 0.85 09 095 1 1.058 1.1 1.15
1000/T, K 1000/T, K
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Project X Attenuation of Materials

. Proton Stopping Length. Data were received from PSTAR code:
' | f http://physics.nist.gov/PhysRefData/Star/Text/PSTAR.html
. e A — i Attenuation A as function of
: ' —_— thickness d of material and
I i ¥l energy E (GeV) of the beam
| oot s, (high energy approximation):
2 : --—:Io(:zguu.gag;?m;)
10 i { | ==~ Cu - High Energy Approx.
10° 10° Ek. 1,U|:eV 10° 10° ﬂ[l 08d : SE)]
in —U.0exp(— .
e Beam Dump: "Sandwich" Materials A(d’ E) = 10 ’
Material: ol J = A, cm
) cm
5 Iron 7.84 35
g | Heavy concrete 3.6 65
f—o e Concrete 2.35 100
o i Polyethylene 0.95 250

T
10 12 14 16 18 20

Thickness,inch Polyethylene filler 0.8 290

0 2 4 ]
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projectx Cross Section for Nickel and Graphite

(°Ni, P'Ni, ®'Ni) vs('°C)
700 T T
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Project X MARS Simulation (1)

Case_05-fin

cm
mSv/hr: 7.35-107 +3.37-10° 1.79-10* £ 1.45-103 200
-100- |‘- B v l'_ :
cm - '
-50-
150-
0-
100-
1
50- ' 1
! 1
50-
= v L — -
100- i Lyx:y: 1:9.806e-01
I 1 |
o 340 425 510 -65 0 65
10" 10'° 10t 106 10" 10° 10° 10> 10" Lle+ll W:F 5: I 5! I 4!
10~ 10 10 10 10 10 10 10 10
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Project X

Protons(case_05-3):
E=30 MeV,
1=1.7 mA,
W=50 kW

06/18/2013

MARS Simulation (2)

=1:1.827e+00
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pr,;}";;x MARS Simulation (3)

7

Protons: E=30 MeV, 1=1.7 mA, W=50 kW (case_05-5)

450-._‘ = 5 TS
cm 8 |

300-
150-
0_
-
L x:z = 1:7.609e+00
7' A
| . | | |cIn
0 1.50x103 3.00x10° 4.50x10°
8.6e+09 a—] T I T I ]
10  10° 10° 10" 10° 10° 10> 10t 10°

PXIE Cave

Prompt Dose (PD, mSv/hr)

1
2
3
4

. (1.92
. 39.1
. (1.25
. (3.28

+ 0.205)-10%
+ 23.3
+ 1.25)-104
+ 0.04)-103

ImSv - 100 mrem
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Project X MARS Simulation (4)

Protons: E=30 MeV, 1=1.7 mA, W=50 kW (case_05-5)

-1.05x103- [ ]
cm [ ¥

— . Fy’z yiz = 1:3.033€400 PXIE Cave

i L | =
4| ‘ -‘. ; _ x=40cm

Prompt Dose (PD, mSv/hr)

-700-
1. (4.11 = 0.13)-10°
2. 24.91+3.94
-350. 3. (4.37 £+ 1.17)-10*
4. (4.92 + 2.81)-107
5. 1.96 = 0.63
ol 6. (3.03 + 1.39)-107

350- | e ,  lem
I I I o
3 3 3
0 1.50x10 3.00x10 4.50x10
A m— e s m— 1 T T T ] 1mSV % 100 mrem
10 10 10" 1wt 1w 1w’ w0t 1wt 10f
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Project X

Tritium Production (1)

Abundance of the lithium in the soil

SYMBOLS AND PERCENTAGE
OF TQ SAMPLES

—
o

Cross Sections (CS), bn

2t ff 112918 15
U [=N=N"] -
il o>

weo-eRRBIHR2R
AMOUNT. IN PARTS PER MILLION

Reference Reaction

(Chicago Area)

*® EXFOR Data 3
Fitting i

107 10°°
Neutron Energy, MeV

10°

G o nD

Neutron
Spectrum
in the Soil

(MARS

Simulation)

Ratio of Cross Sections of the
Reference and Required Reactions

*Lig(n, A)'H,
5B, (n, A)°Li,

-
ol N?++H%H++++%MW%% W i |

5 o.2a
To-1

2013/02/13 12.00

18 home feidelyur /pxie /casez08 /marszcasez0B hbook

101+-

10‘2:-

SPN (Gev~'em™s™) v E(Gev)
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Project X Tritium Production (2)

PXIE Beam Dump: Reaction ELi3 (A,n) °H , in the Soil PXIE Beam Dump: Reaction ELi3 (A,n) °H , in the Soil

@ 0018

[

(1]
Q. 0.016

a

Tritium Production, Atoms per cm”

s ¢
Tritium Production, Atoms per cm” per s

o

2

o o o
b o = o = o
o @ o = o @
@ @ = @ @ @

0.025

L4
o
~

o o o o
o o o o
o o o o
~ = =] @

0.015 _ _ s b e d

ol b = isria s e - Maximal Neutron Energy=0.100 MeV

10° 10 107 107 10" 10° 10
Maximal Neutron Energy, MeV Minimal Neutron Energy, MeV
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3¢ Radiation Shielding (1)

Project X

The normal and accident beam loss conditions

Energy Current Normal condition
losses

m 30 keV 10 mA 100%
_ 30 keV 10 mA Up to 90% 100%
“ 2.1 MeV 10 mA 5% 100 %
_ 2.1 MeV 10 mA Up to 90% 100 %
“ 10.8 MeV 1 mA Up to 0.1% Up to 18% *
11 MeV 2 mA Up to 0.1% 100%
30 MeV 1.7 mA Up to 0.1% 0.1% *
30 MeV 1.7 mA Up to 0.1% 100%
30 MeV 1.7 mA 100% 100%

*Sustained, high percentage beam loss under accident conditions may not be possible
due to limitations of cryogenic systems.

A.Leveling. “PXIE Preliminary Shielding Assessment”
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Project X

2= Radiation Shielding (2)

The normal and accident beam loss conditions

The 2.1 MeV H beam losses upstream of the HW cryomodule do not present any known
radiological concerns. Materials selected for use in the construction of the low energy section
of PXIE have been checked to verify that there is no potential for production of neutrons .
The HW and SSR1 cryomodules are intended to be operated with very high efficiency and
extremely low losses. A machine protection system will be developed to limit losses between
the upstream end of the HW cryomodule and the downstream end of the Diagnostic Section
to 0.1%. Beam losses in the HW and SSR1 cryomodules must be limited to prevent damage to
those cryomodules. Losses even approaching 0.1% will lead to degraded cryomodule
performance and must be prevented for machine protection.

The diagnostic section losses are expected to be very low. The beam quality established in
the HW and SSR1 cavities is expected to survive through the diagnostic section. Losses no
higher than 1:1000 or 0.1% are anticipated in the diagnostic section for normal conditions.
Since the diagnostic section is warm, the accident condition of 100% beam loss must be
considered.

The beam dump is to be designed for continuous operation at 50 kW. The normal condition is
the most severe condition for the beam dump. The beam dump will be designed such that
the beam directed to the dump would not generate more radiation than a 0.1% beam loss in
the diagnostic section.

= No beam transmission bexond the beam dumE will be Eossible.
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g‘t Radiation Shielding (3)

(et

T \/

PXIE Radiation Dose Rate Design Goals

Location
Condition
Permitted FRCM
Occupancy
Required FRCM
Radiological
Postings

Q
5 =
e E
8\
8 §
o o
s E
S:
@
5 £
©
o

Perimeter at floor level around PXIE No precautions

No posting required

Normal <0.05

enclosure needed.
Perimeter at 2:;25\:? around PXIE Accident <1 No E;zcj:(;cions W pesiing e
PXIE enclosure ceiling Normal <0.25 No oi?:j)z::;limits Controlled Area
PXIE enclosure ceiling Accident <1 No precautions None

needed.

A.Leveling. “PXIE Preliminary Shielding Assessment”
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