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RFLinear Accelerator —Some Terminology

rf ON
Pulsed

rf OFF

Continuous rf ON
Wave (CW)

rf OFF

Macropulse
.
: 4=b!

-1 tl
II

rf
Waveform

. i

Bucket

● Bunch experiences rf fields that provide acceleration and focusing

● APT uses every rf micropulse, unlike LAMPF where every
fourth is used

— Beam starts off DC; it is adiabatically captured in rf fields and
accelerated in bunches

Bunched
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● Emittance is the phase-space
volume occupied by the beam.

&
● In a real beam the outer boundary

is not sharply defined but falls
off gradually. This is the halo.
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Ion Source Scaling Relationships

Brightness

ChiIcl - Langmuir

Breakdown

B~ = 21 = [&)pc2]
7C2&n2

J73/2

,i K (I2

1
‘“ = (kTi)V512

++ Low extraction voltage

++ High current density

++ Low effective ion temperature

iux Aomimg “ B7’awilawm
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APTf

r==l
.

Frequency

Energy

DC Injection current

Output current

Beam Transmission

RFQ Length

Copper Power

Beam Power

Total Power

350 MHz

0.1+2.5 MeV

140 mA

128 mA

0.91

3.4 m

0.4 MW

0.3 MW

0.7 MW



H

Structure 2pA

Lattice FODO

Frequency 350 MHz

Energy 2.5-20 MeV

Current 125 mA

Synchronous Phase -40°

Accelerating Gradient (EOT) 1.1 -3.1 MV/m

Radial Aperture

Length

Number of Cells

Copper Power

Beam Power

Total Power

0.84 cm

11.3m

51

1.3 MW

2.2 MW

3.5 MW
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Energy

Number Quadruples

Number Dipoles

Number Bunchers

Number rf Deflectors

Length

Initial Beam Separation

Aperture Radius

Input Beam Current

Output Beam Current

20 MeV

2x5+2 =12

2x2 =4

2x2 = 4

1

1.5m

60.5 cm

0.8 cm (0.7 cm in deflector
bend plane)

2x125mA

250 mA

L@s Akviiilm “ Bliwwi)amm
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A(wf

m
Structure side coupled

Lattice FODO, 7 sections

Frequency 700 MHz

Energy 20-1600 MeV

Current 250 mA

Number per bunch 2.2 x 109

Accelerating Gradient (EOT) 1 MV/m (average) .

Aperture radius

Synchronous phase

Length

Number of lattice units

Cellsfiank

Copper Power

Beam Power

Total Power

1.4- 3.5cm ‘

-60° to -40°

2063 m

1451

2,3,4,6,8,10

115MW

395 MW

510 MW



5

W
2

xN
O

w

&&
a





1-na

d<uw

C
n
z01-<-1m

0



1-

al



.-+

L%.-n

0

0U
2.

LnN
.

K
..

.:

T
C
)
g
>

..
lo

.
.

cd
“.

1“
i+

1
“

Ill
I

.(..L

(
A
a
w

)
M
v.

I
}

1
I

L
.,

’,..-
m

~
“LP

-
.

In
l

F
i

~
.;..i.-

1
c.

-
-.

..
z

o“

,.
x

.n

E
o

;0
:0

~
1
“

.
.

I
1“

1“

(S
U

D
P

D
J)

,X
I



●
16

●II
-
a

OyoInN

o
I

w

I
I

wo01

II

_ld
J-Jp

o
IA

m
r
-

W
0

1-
0

0

I
I

Ln

1. .“
0ule-d

000S
Wx
1

3



d



o
.

,
1w-m

‘.
.

.
N

?.
.

,
xW>

=
2>

3
I

9

d



I

(su
o

!p
D

J),A

In1-1

(S
U

D
!p

O
J)

,
X

0N

I0U
3

f--

x
u)b-

I

0u)tiI

.



oA

%

m
*O

*
0
0

0
00

qI
1“

I

(S
U

D
!p

D
J)$

:

0m
.
m

Q
ua

o
In

0
,

(S
U

D
!P

D
J)I%

(lu
q

A

lbQ
? Q



U
)

IJ3aIAnzai
n
z0i=

. (u

1-

..



-ao0mE-0a
J

s(A

2E.-C

,



L
L

u
)



-cm.-
x

.>+.-76s

mc.-.1
-m.-xasu



●
✍

✚

3

auz





n&.

o



om
0V

I

8

-d
-

0
0m

4
ti*“

0mC
w

00

\11



mm0*0m

T
-0mg0m
l

mmaJN.-U
’1

3



0-1

uo1-<mw-1wu0<
.



o

o

—



AA

0.8

●

●

●

●

●

Sensitivity of PM Materials
to Integrated Neutron Dose

Puf

c1

\

(
~ fkcorna 25,H(buck)-0
——+——Rocwna 25. H(txJck) . -0.5~
~ Hicorex 96B, H(buck) -0

~ t-licorex 96B, H(buck) = -0.55T

k“,
0 1.0 2.0 3.0 4.0

Neutron Dose (1015n/cm2 )

PM-quadrupole materials have been irradiated to4x1015 n/cm2 in the Los
Alamos (Omega West) research reactor,

Significant degradation in magnetic performance was observed.

LANL materials experts believe that damage maybe greater in the energetic
neutron spectrum due to beam loss in an accelerator.

In the APT DTL (20 MeV), fractional beam losses of 10–S/m would produce
integrated neutron doses of 1015to1016n/cm 2 within a few months.

Since it would be difficult to assure such low losses in the DTL during tuneuD.
‘,

selection of (rad-hard) EM quads as the focusing elements seems the prudent
design choice

Lm AMminm “ Bmd?fwlwmil
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AP’W
Upper Limit APT Loss/Activation Estimates Based on

simulated (Non-ideal) Beam Distribution

Energy
(MeV)

20

40

80

160

320

640

1000

Loss/Meter Neutrons Estimated
(nA/m) per Proton Activation

3000

20

.
0.06

0.06

0.06

0.06

0.06

(mrem/hr)

0.004 50

0.02 2

.

0.1 0.02

0.5 0.1

2. 0.5

4. 1

6. 1
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APuf

.26

MINIMUM SIZE DRIFT TUBE

SPECIFICATIONS

TYPE: EMQ
NO. TURNS: 8/POLE
CURRENT: 224 AMPS
CURRENT DENSITY:

3226 A/cm2
POLE TIP FIELD: 4.5 kG
GRADIENT: 5.0 kG/cm
LEFF: 6.45 cm
GL: 32.45 kG
POWER: 1.35 kW
VOLTAGE: 6.0 VOLTS
DELT: .44C PER COIL
COOLANT: 0.46 gpm

-.72-----!

LINAC QUADRUPLE. .
(350 MHZ, 2.5 MEV, 2BETA-LAMBDA) “
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APT/ RF System Fault Handling

I I
I I Maintain Operation I I

J

1
!

I
I 1

Yes Yes
v

shut off RF drive
(1 tube)

I Yes

*

Fire Crowbar
(1 unit)

I

Turn off HVPS
(1 unit)

turn beam off I

I operation
Pstore

Yes
L
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Issue—Reliability and Safety

o Selection of Rad-hard Components

— No pm quadruples

— No plastics, elastomers in vicinity of beamline

Employ hard wiring with redundant detectors for fast protect

system

Employ beam dumps and fast kickers to eject beam from

accelerator

Beam shutdown in 30 ps

Design Iinac to account for misalignments and missteering

Spare parts inventory for major and minor items
— rf system components

— Extra klystrons in spare sockets—conditioned

— Power supplies

— Standby ion sources

— Pumps and pump parts

Redundant diagnostics

Modularity of construction, accelerator sections and rf

stations

Component monitoring—performance change/aging
. QA, safety programs

*Vacuum pump rebuild facility

*Klystron rebuild facility
*vacuum isolation of beam line
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CONSIDERATIONS FOR SELECTING
ANALYSIS APPROACH

ESTIMATION OF TRITIUM PRODUCTION

MUST BE TO MINIMIZE PROTON/NEuTRoN
LOSS FROM TARGET

lhw mama Blnmmhamm

TARGET FACE 5.2)(4M

4X2MOF
BEAM

FACE

THEREFORE:

UNIFORMLY ILLUMINATED BY

MA,JOR VARIATION IN PROTON/NEuTRoN.----— —

SOURCE IN TARGET IS IN DIRECTION OF BEAM

DIRECTIONS PERPENDICULAR TO THAT OF
BEAM ARE OF INTEREST PRIMARILY TO ASSURE
THAT PROTON/NEUTRON LOSS FROM TARGET 1[
SMALL

PROBLEM THEREFORE PRIMARILY 1-D, WITH
CHECKS ON HOW IARGE NON-SWEPT REGION
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FOR PRE-CONCEPTUAL STUDY/DESIGN
INTERESTED IN FEASIBILITY OF CONCEPT, NOT
DETAILS

CONSEQUENTLY APPROACH FOCUSSED ON:

“THREE-DIMENSIONAL REPRESENTATION OF
TARGET FOR HIGH ENERGY
PROTONS/NEUTRONS

FOR I.OWER ENERGY NEUTRONS (BELOW
17 MeV):

MULTI-STAGE HETEROGENEOUS
/HOMOGENEOUS DETERMINISTIC
TRANSPORT ANALYSIS IN 1.D (ANISN)

EXPLICIT MONTE CARLO ANALYSIS
PRESERVING IMPORTANT
CHARACTERISTICS OF PROBLEM,i.e.
DISCRETE LATTICE AND PRESSURE TUBES
(McNP)

CALCULATIONAL TOOLS NOW AVAILABLE FOR
PERFORMING DETAILED ANALYSES AND
OPTIMIZATION STUDIES

EXPERIMENTS ON PROTOIYPIC LATTICE NEEDED
TO QUANTIFY UNCERTAINTIES



Awuf

REVIEW OF BNL ANALYSES TO ESTIMATE
APT TRITIUM PRODUCTION

o ENERGIES GREATER THAN 17MeV

.

.

HETC RUN FOR FINITE (X,Y,Z),
HOMOGENEOUS REPRESENTATION OF
TARGET ACCOUNTING FOR ANY REFLECTORS

SNERGY DEPENDENT NEUTRON SOURCE
AVERAGED OVER ENTIRE TARGET BANKED
lN-~O BUGLE-80 GROUP STUCTURE: S(E)

SPACE DEPENDENT NEUTRON SOURCE
AVERAGED OVER DIRECTIONS
PERPENDICULAR TO BEAM BANKED INTO
SLABS: S(X)

ALL SUBSEQUENT ANALYSES BASED ON
AE30VE S(E) AND S(X) SOURCE

. .

DISTRIBUTIONS



o ANISN ANALYSES FOR ENERGIES BELOW 17 MeV

BUGLE-80 CROSS
DETERMINATION

SECTIONS FOR FLUX

.

.

MACKLIB-IV ACTIVATION CROSS SECTION TO
DETERMINE TRITIUM PRODUCTION

CALCULATIONAL SEQUENCE:

(1)

(2)

(3)

(4)

CYLINDRICAL GEOMETRY FOR UNIT CELL
WITH HETC S(E) IN LEAD RODS

FLUX-VOL WGT X-SECTIONS FOR UNIT
CELL AND INPUT INTO

HOMOGENEOUS SIAB
OF TARGET WHERE:

REPRESENTATION

S(E,X) = S(E)*S(X) FROM HETC

SIG(SLAB) = VF(LATTICE)*SIG(UNIT CELL)

+ VF(PRESSTUBE)*SIG(S STEEL)

TRITIUM PRODUCTION FROM SMB .
TARGET MODIFIED BY
HETEROGENEOUS/HOMOGENEOUS

FROM UNIT CELL CALCULATION

I

I

I
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CONFIRMATORY
BELOW 17 MeV

ANALYSES FOR ENERGIES

ANISN AS ABOVE
SECTIONS

WITH MATXS7 CROSS
.

.MCNP (INFINITE IN Y & Z)
GEOMETRIES”

BUT WITH “EXACT

.

ADDITIONAL ANALYSES FOR ENERGIES BELOW 17
MeV WITH MCNP (“EXACT” GEOMETRY BUT
INFINITE IN Y)



DETERMINATION OF TRITIUM PRODUCTION
IN APT TARGET

o

0

CALCULATIONAL METHODS

3-D (HOMOGENEOUS)
ABOVE 15-17 MeV

FtETC FOR ENERGIES

I-D (HETEROGENEOUS/HOMOGENEOUS)
ANISN OR “3-D EXPLICIT” MCNP FOR
ENERGIES BELOW 15-17 MeV

,

CANDIDATE TARGET CONFIGURATIONS
CONSIDERED

CYLINDRICAL AND HEXAGONAL PRESSURE
TUBES

IMPACT OF

6:1 AND 2:1

BE REFLECTORS ON FRONT FACE

RATIOS OF PB TO LI-AL”RODS

PB PLUS LI-AL RODS (HOMOGENEOUS AND
HETEROGENEOUS) “



o MAJOR ASSUMPTIONS IMPACTING ON
PRODUCTION ESTIMATES

1.6 GeV / 250 MA PROTON BEAM

PLANT FACTOR 75%

SRL LI-AL TARGET MATERIAL

ALL NEUTRONS NOT LOST TO PARASITIC
CAPTURE IN LATTICE/REFLECTOR AVAILABLE
FOR TRITIUM PRODUCTION

o CONCLUSION

BASELINE TARGET CONFIGURATION -2:1
RATIO OF PB TO LI-AL RODS IN HEX
PATTERN - CAN PRODUCE 100-1 03% OF
DESIRED AMOUNT OF TRITIUM

9
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)

3

3

MONTE CARLO CALCULATIONS

MCNP3B4 OJVTICE CAPABILITY) WITH ENDF/B-V
continuous ENERGY cRoss 9EcT10Ns

FIXED SOURCES BASED ON HETC “HISTOGRAM”
S(E) AND S(X) DESCRIBED EARLIER

CONFIGURATIONS MODELLED (EXPLICIT
GEOMETRY):

UNIT CELL (REFLECTING SURFACES)

APPROXIMATE SLAB TARGET (INF IN Z;
Y VIA REFL SURFACES), 210 CM DEEP

INF IF

CONSISTING OF UNIT CELLS, WITH 10 CM
SOLID BE REFLECTOR ON FRONT FACE

APPROXIMATE PRESSURE-TiJBE SLAB
TARGET (INF IN Y); 7-PRESSURE TUBES DEEP;
S(X) CONSTANT IN EACH
OiiFRONT FACE

PT; BE REFLECTOR

0 E3nmkhmwn
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