DOE Annual Review

- . ge—
EE— )
- § e

ELECTRON BEAM ION SOURCE

Physics Design

Deepak Raparia

September 19-20, 2007

D. Raparia ) LR
Physics Design /[ /v September 19-20, 2007
n




IR N
I )

AC kn OWIedgementS ELECTRMAM-ION SOURCE

Contributors:
J. Alessi, E. Beebe, S. Pikin, A. Kponou, J. Brodowski, M. Mapes, W. Meng,

J. Ritter, C. Gardner, A. Pendzick, S. Y. Zhang, T. Roser,
S. Minaev, A. Schempp, B. Schlitt, U. Ratzinger, R.Tiede, P.N. Ostroumov

D. Raparia ' 7 LR
Physics Design kit September 19-20, 2007
‘N




D I SN
I )

1 - § e
OUtl N e ELECTRON BEAM 10N SOURCE

[ |

* |ntroduction

e LEBT

* Physics design of the RFQ

« MEBT

* Physics design of the LINAC
e Error Studies

 End-to-End Simulations

e Summary

D. Raparia ) LR
Physics Design /[ /v September 19-20, 2007
‘N




- . ge—
EEE—— )
- § e

Req u i rem ents ELECTRON BEAM ION SOURCE

 EBIS based linac should provide all the ions species
which Tandem presently provides, at 2 MeV/u

Z A Q Q/m  Vext(kV) I
(all ch states
He3* 2 3 2 0.67 25.5 10
D 1 2 1 0.50 34.0 6
C 6 12 6 0.50 34.0 10
O 8 16 8 0.50 34.0 10
Si 14 28 12 0.43 39.7 10
Fe 26 56 16 0.29 59.5 10
Au 79 197 32 0.16 104.7 10

* Qut of EBIS Linac scope

Simulations were carried out for two extreme Q/m namely Au*3?
and ,He*?.
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Proposed Linac—Based RHIC Preinjector
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ELECTRON BEAM ION SOURCE

CRIYD CRYD CRIYD

comMPRESSTR [CPNSPLE | covprESSOR

RFQ: 17 -300 keV/u;
100.625 MHZz

IH Linac: 0.3-2.0 MeV/u;
100.625 MHz

] .
—

A4 - LINAC 0 OO

Elmr Eemo
Q Q\ \ G
T GATE VALVE
Uu-D

lon
Charge 38 — 1 (g/m =.16-0.5)
Current 1.5 emA (for 1 turn inj)

Pulse Length
Rep. Rate
Duty Factor

10 ps
5Hz
0.0005 %

Emittance

0.14 x mm rad (nor, rms)

Energy Spread 2.0 keV/u

(e of Nuclear py, i

w
4 =
Y

ori e Cd

# Nucloar patter - QUi

D. Raparia
Physics Design

)

SIXTY YEARS
OF DISCOVERY
1947-2007

EROgIIITN

September 19-20, 2007




LEBT TEST ————
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Pikin, Beebe, Raparia, Alessi, Ritter AR FREL N O
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LEBT switch yard works as expected
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Final Physics Design of the RFQ E e R AN SoUR LY

« The Physics design of the RFQ is frozen

Basic RFQ Parameters « Transport > 30mA with > 90% efficiency

Fr 7 100.624 MH ; ; ;
T — * Provides symmetric beam in transverse
Input energy 17 keV/u
Output energy 03 MeV/u * Only 3.08 meters long
Mass to charge ratio 6.25
Beam current 10 mA
Output rad. emittance rms norm. 90% | < 0.38 © mm mrad
Output long. emittance 90% < 220 deg keV .
Transmission 98% Basic RFQ Parameters
Electrode voltage 70 kV
RFQ length 3.08m RFQ design parameters and multipole terms
Cell number 191 100.6250Hz,G= 1.0,anu=6.25000,i= 10.0nA, C29
Aperture min - max 2.96-5.25 mm |~ B
1.8 —-=
100.625MHz, 9= 1.0,amu=6.25000,i= 10.0mA, CZ9 el s e /
0 /‘wa: M1 1.6
/ é /\\ 1 1.4 /
5 g / 1.2 //
1001
0 / t\\ i / AQ 2
A0
Transverse and long. phase advance \\\ 8
N o \\ 6 A10
gL
0 " — ]
5 / 2 e a |
0
0 50 100 150 200 250 300
50 100 151(:]I 200 250 300 Z (Cm)
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Final Physics Design of the RFQ (cont...) g pe—

ELECTRON BEAM ION SOURCE

Input and output phase spaces for 0.0 mA Emittance along the cell #

100.625MHz,g= 1.0,amu=6.25000,i= 10.0mA, CZ9
Longitudinal RMS of 400.%

100.62%#H=,q= 1.0,amu=6.25000,i= 0.ma, BNL-RFQ-CZ10 enit.thl__0-07-2007_15:38:4
Input phase-space projections at cell 1
P x-xp (em-radian) o Y-yp (cem-radian) 5 dphi -dw( deg-MeV) S .0 Ad
LN L s LN L] é o5 P
[T “n (W1 ucd / \MM\NM
LN 1 .05 .5 E -020
= /
T -8.2 [0 0.2 va T -0.2 (] 0.2 QPR NT] ] 0 e = .015
Phase-space projections at end of cell 191 é
— x-xp (em-radian) - v-¥p (em-radian) - dphi -dw( deg-1eV) o
Z
CRH (N1 0 = — - l~r
i E 20 40 60 80 100 120 140 160 180
= —— i - - 1\53\“ Cell Number
s Input and output phase spaces for 10 mA
LI P g e .2 R mer e .2 e VUG BT 0 ) . 100.62%4#z ,¢= 1.0,@mu=6.25000,i= 10.(a, BNL-RFQ-CZ10
[Cell 191, 3338 of 4000 particles oy L (oradian) - i‘:e_;f;:!‘ ;‘3;:;1;{’9 - 1!_1.. Aphi il deg bV}
Input and output particle distribution with I=0mA b sl el
PARMTEQM simulations for different input
beam current and emittance
g% [n mm-rad] | Transmission [%] gt ™ [MeV-deg] S ™ [m mm mrad] T M i = @hi-m‘,egwﬁﬁ
4000 100% 100/90% =1
0.05790 1=0 99.0 0.284 0.064/0.0271 . . ..
0.08685 I=10 98.7 0.243 0.09/0.038 W P T - i
0.11580 I=0 98.4 0.27 0.126/0.053 gl e Gy
0.11580 I=10 98.7 0.33 0.15/0.060 '
[Call 191, 55 of 4000 partides 4
Input and output particle distribution with I=10mA
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Final Physics Design of the RFQ (cont...)
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ELECTRON BEAM ION SOURCE

Beam dynamics design is very

flexible

- Transmission vs. input current
- Trans. Emit vs. input current

- Long. Emit vs. input current

- Transmission vs. input emit

- Output emit vs. input emit

- Transmission vs. Au Charge state

- Transmission vs. Vane Voltage

Transmission vs Current

Output Emit vs Input Emit

- Transmission vs. input energy error

- Trans. Emit. Vs. input energy error

- Long. Emit vs. input energy error

- Transmission vs. input energy spread

- Trans. Emit vs. input energy spread

- Long. Emit vs. input energy spread

- Transmission vs. aiming error (X,X,y,y’,r,r")
- Transmission vs. mismatch factor

- and more

Transmission VS Input Current Output Emit. VS Input Emit
100 5 0.4
o8 et o0 9 4o o, 3 0.35 e )
$ o B g_ 03 A
c s < =
s x E 025
5 94 < CE o2 ad —e—exms
%} = .
E 92 E E e —=— eyems
s a5 015 —
£ 90 5T 01
= g e
F 88 N g 0.05 %
86 . . . , 0 T T
0 10 20 30 40 50 0 0.2 04 0.6
Current (mA) Input Emit., RMS, Nor (pi mm mr)
Transmission vs MMF Trans. Emit. vs MMF
Transmission VS MMF Transvesrse Emiit VS MMF
120 0.018
@
0.016 2
100 4o oot + tossene 2 %
014 4 - .
S g0 AT .o "’"38812 o cpath ot T
D e 0 = gc Y * o7
@ X g 001 3:,,.‘2:’
g 60 E E 0008 £%¢ o (extey)/2
8 40 45 0.006
= n =
] 2™ 0.004
20 £ o002
0 : 0 . ! ! !
0 05 1 15 2 25 0 05 1 15 2 25
MMF MMF
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MEBT design is finalized

Raparia, Ritter, Brodowski, Alessi
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ELECTRON BEAM ION SOURCE

« MEBT length with new quads is 810 mm.10 cm space after the
RFQ to accommodate a current transformer. 5 cm space
before the IH Linac for Faraday cup. 30 cm space for 20 cm

long buncher

 New quad length=65 mm, G=70T/m, air cooled (Okamura)

 End-to-end simulations
show transmission to
booster and emittance
are acceptable

New Quad Cross Section

BEAM AT NEL1= 2

H A=-4.78000E-02| B= 0.19617
V A=-1.95000E-02| B= 0.

an
Y

10.000 mn X 50.000 mrad

Z A=-0.28300 _ |- B=-1.57900E-02
- ~
s

2000.00 keV

30.000 Deg X |

PI= Z

1= 8.2mA
W= 60.6232  60.6232 MeV
FRE = 100.28WHz __WL=2989.55mm
EMITI= 24.900  25.330 37318.00
EMITO= 24.955  25.339 37338.22

PRINTOUT VALUES
P PE

DESIREDIVﬁLUES (BEAMF)

2 %91 0 8954

MATCH VARIABLES 6NC 4)
PP M

1 7805
1 6 60 31418
1 10  62.08313
1 12 -58.08794
CODE Trace 3-D

V70LY
b mebte t  070323.t3d
D?TE ?9/05/2007

BEAM AT NEL2= 13

H A= 2.9192 B= 0.89541
V A= 2.6582 B= 0.83380

%

10.000 mm X 50.000 mrad

Z A= 0.14563 | B= 1.92476E-02

TRACE-3d output for Au*3? IR

2000.00 keV

30.000 Deg X

NPZ= 13

16.00 mm (Horiz)

90.0 Deg (Lon

9.)

16.00 mm (Vert)

Length= 810.00mm
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MEBT Layout ——)
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Ritter, Raparia, Brodowski, Alessi ELECTRON BEAM ION SOURGE
[ 1
6.5cm
10cm R ) 30 cm R 5cm
< > < > «—>

FC
XFMR

Buncher

Q1 Q2 Q3 Q4
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Final Physics Design of the Linac E e R AN SoUR LY

» First two cells -40 degrees to provide
longitudinal focusing

(o]
« Last two cells at -90°, to reduce energy Synchronous Phase
Spread at BOOSter Synch. Phase Vs Gap #
o 2.16 meters long 20
. > 0 000000 970900004
* Includes only one triplet £ o0 s w0 Vsl x sl =
g -40 - J u
Basic Parameters of IH-DTL Linac El
@ -80
Charge-to-mass ratio 0.16-0.5 100 Ao
Operating frequency MHz 100.625 Gap #
Input / output energy MeV/u 0.3/2.0
Beam current mA 0-10
Length of the whole linac array m 3.5 .
Length of the TH tank m 2.5 Effective VOItageS across the gaps
Number of the TH tank gaps 27
Number of the internal triplets 1 )
Aperture diameter of TH drift tubes mm 18, 20 Effeviive Voltage vs Length
Maximum effective gap voltage kV 509 _. 06
Effective voltages at the first buncher (0 mA /10 mA) kV 70/ 80 2 o5 00
Effective voltages at the final buncher (0 mA / 10 mA) kV 117/ 155 % 0.4 ﬂ r v*’\‘\
Maximum on-axis electric field MV/m 15 S 03
S
Aperture diameter of quadrupole lenses mm 30 2 02 f \‘\—/'/ \
Maximum magnetic gradient T/m 72 é 01 1
Transverse rms emittance growth (0 mA / 10 mA) % 32740 oy : : : :
Longifudinal rms emittance growth (0 mA / 10 mA) % 3/12 0 50 100 150 200 250
Transv. outp. emittance (norm, 90% effective, 0 mA/10 mA) | mm*mrad |0.367/0.67 Length (cm)
Long. outp. emittance (norm, 90% effective, 0 mA/10 mA) keV/iusns | 62n/30m
Output energy spread after final buncher (0 mA / 10 mA) keV/u +7/+£5
Transmission % 100
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Final Physics Design of the Linac (cont...)
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Synchronous Energy vs. Length

Accelerating gap lengths vs. length

Synch. Energy vs Length Gap Length vs Tot. Length
400
— 35
2 350 /" ¢
2 300 .
> L
3 250 - =
S 200 A 2,5 |
W 150 = /
ey
S 100 M s
> 501 O i V
0 T T T T 15 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Length (cm) Length (cm)
15
10 /— 0md /—— 10mA
— 0 md /— 10md ¥ 10
5 f\\< mn //\ / /A\/,\ / / &
- [
SW, ——— —_— 0 —
0
% L \/\_/'__“ —
[~ = %-—""‘J—“ﬂ—_— 5 fa /—_% ﬁ_&m‘\/’\ T
— -3 Ay L
_;\- / T \\// —~
g
- v mi g0
-10 -15
0 0.5 1.0 1.5 2.0 2.5 3.0 Z, m 0 0.5 1.0 1.5 2.0 2.5 3.0 Z, m

Fig.4. Transverse envelopes of the bunch for 98% of the particle
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Final Physics Design of the Linac (cont...)
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ELECTRON BEAM ION SOURCE

Robust Beam dynamics design

- Transmission vs input current (Au*3?)

- Emittance growth vs input current (Au*3?)

- Transmission vs input emittance (Au*3?)

- Emittance growth vs input emittance (Au*3?)
- Transmission vs input energy (Au*3?)

- Emittance growth vs input energy (Au*3?)

- Transmission vs input energy (Au*3?)

- Transmission vs input phase (Au*3?)

- Emittance growth vs input phase (Au*3?)

- Transmission vs Au charge states (Au)

- Transmission vs input current (He*?)

- Emittance growth vs input current (He*?)

- Transmission vs input emittance (He*?)
Emittance growth vs input emittance (He*?)

+
Au*32

Transmission vs. Current Emittance Growth vs. Current

Transmission vs Current Emit Growth vs Current
120 5 15
(]

$ 100 OO - = E 1.4 4
S 80 213 / —e—exolexi
— >
ﬁ 60 2 12 /./J/M —=— eyoleyi
£ > ,
2 40 _q_’. 11 ¢ ezolezi
g 2 % 1-

0 ‘ ‘ ‘ 5 09| ‘ ‘ ‘

0 5 10 15 20 0 5 10 15 20
Current (mA) Current (mA)

Transmission vs. Input Emittance

Emittance Growth vs. Input Emittance

Transmission vs input energy (He*?)
Emittance growth vs input energy (He*?)
Transmission vs input energy (He*?)
Transmission vs input phase (He*?)
Emittance growth vs. input phase (He*?)

Transmisttion (%0

Transmission Vs Input Emitttance

120

100 A
80 -

60

40 +

20

0.05 0.1 0.15

Input Emit. rms, N, (pi mm mr)

0.2

Emittance Growth Vs Initial Emit

14

Initial Emit rms. N (pi mm mrad)

w
o
5§ &\‘\‘
¢
312
3 v\
& 11
3 11
o
x
v 09 . . ‘
0 0.05 0.1 0.15 0.2

—e— exolexi
—a— eyoleyi
ezolezi
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Error Studies T T T

[ |

e LEBT

- lon Extraction (x), lon lens (x), Adapter (x), Gridded Lens(x), Platform
(x), Solenoid (x)

RFQ

- Amplitude (x), Injection trajectory (x), Matching (x )

MEBT

- Buncher Amp & Phase (x), Quad Strength, Quad alignment (x )
IH Linac

- Phase and Amp (x), Quad Strength (x), Quad Alignment ( X),
Matching ( x), Manufacturing errors()

HEBT
- Buncher Phase and Amplitude (x), Quad Alignment (x),
Quad Strength (x), Matching (x )
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LEBT, Au*3? —

e &
Pikin ELECTRON BEAM 10N SOURCE
2-D simulation with TRAK Beam parameters: o
l_el =100 A H B
I_ion =8.0 mA = ey
_ N | E_RMS_norm_init = 0.068 pi.mm.mrad o .__\.\ i
This Plot Created On: March 24, 2006 Optics parameters: E_RMS_norm_final = 0.0803 pi.mm.mrad & AN
_ | U_ion lens = -65 kV Alfa_final = 1.01 =8 gk
EOU File: FE55_0_67_500.E0U U_adaptor = -10 kV Beta_final = 0.068 o
BOU File: FBLEBT_6.B0U U_grid = +5.5 KV X_final = 2 mm .
TOU File: 55_0_67_1_78E5_2A.TOU IN_magnet lens = 1.78E+5 AmpxTurns | X'_final = 40 mrad e
1.650E402 | A~ 7\ (7.2E+03V)
. / : 8.7E-01T
/ Acc| QOIumn
© ' W , E s
|II i ﬂz_)-
= | | m
i lsolenoid g 5
| Grid lens Solenoid | 2 &
R L=251 mm °c 2
| | ar,l o
g 7
g 2 2
g: (=5
—
1.4E-03T
0.000E+00 — e == = ey (7.3E+04V)
1.840E+03 Z 3.945E+03
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Error Studies (LEBT)
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ELECTRON BEAM ION SOURCE

MMF(RFQ) vs. % Error

MMF vs. lon Ext. Voltage Error

MMF vs. Adapter Voltage Error

MMF (lon Ext) MMF (Adopter)
; smatch factor
0.04 1
defined as
: : o : : 2 .
: 180 2000 S0 0 s0 100 1500 w2+ 2axx' + B(x'Y =& (mateched condition)
Error (%) Volt (V)
2 ' N2 _
MMF vs. Grid Lens voltage Error MMF vs. Solenoid Field Error GX™ +2AxX" + B(X ) =& (tO be matChed)
1
MMF (Grid Lens) MMF (Solenoid) 1 2 E
o o M= ERJMNR —4i -1
: / S
. : A . N Where R =G+ By —20A
z 0.8 e z 03 | // —— MMF
gf Iz 62
0.1
& & T T
© o 2 “1 o 6 4 2 0 2 4 6
Error (%) Error (%)
MMF vs. Platform Voltage Error MMF vs. lon Lens Voltage Error
MMF (Platfarm) MMF (lon Lens)
\ 0.14 /
: == - \ - / =g
\ 0.06 A /
2 4‘1 6 -6 4 2 § 0 2 4
Errror (%)
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Error Studies (LEBT)

- . ge—
I
- § el
ELECTRON BEAM ION SOURCE

Emittance vS. % Error

Emittance vs. lon Ext. Voltage Error

Emittance vs. lon Lens Voltage Error

Emittance vs.

Platform Voltage Error

Emit, N, RMS, (pi mm mrad)

- Emit (lon Lens) )
Emit (lon Ext) Emit (platfarm)
s 0091 g 22?8 _ 0.0905
= UUI0 O
£ VN E ™~ - g 009 /,/"\
£ /’\/ e : \/'\Oé)fi’ [So—Emi] E [N "-"3"7 \\./ \
= 0.0895 \ & = oo
= 008 —e— Emit =y -
2 0080 N g som e N ool NS
00885 : 2 o
x 0-0885 Z 0:086 I 3 N\ Xsas
z 0:088 2 . . . Z / :
H / N E hoool = 0.0875
E EREES w . ——6:082 . . 5
w w T T 0887 T T
T T 0687 T T -6 -4 -2 0 2 4 6
% 4 2 0 2 4 6 . 6 -4 2 0 2 4 6
Error (%) Error (%)
Error (%)
Emittance vs. Adapter Voltage Error Emittance vs. Grid Lens Voltage Error Emittance vs. Solenoid Field Error
Emit (Adopter) Emit (Grid Lens) Emit (solenoid)
00925 = 0.096
0:692 8 g e
0.0915 - E 00947 £ .
0.091 - £ 0.092 4 €
0.0905 - = 009 £
N == - W =u /N
oo o /'z;ge it [
0.0885 - \ N z ‘/v_/ ; 2 \V/ ~
0-688 E 0.084 + =
oce7s |  \/ Z o 3 w ‘ ‘
T ——0:087 T T 5 4 2 ’ 0 5 2 5 6 -4 2 4 6
-1500 1000 -500 0 500 1000 1500 Error (%)
Error (%)
Volt (v)
L 1
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Error Studies (RFQ)
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ELECTRON BEAM ION SOURCE

Transmission vs. AX

Transmission Vs Delta X

120
120

Transmission vs. AX’

Transmission vs. MMF

Transmission Vs Delta XP

Transmission VS MMF

120 120
< < 356 100 0 emwere smoe
g /QUCDO\ g * H0earens
s s > /;G ‘*\.\ .5 80 ho." N
) 5] i 455 o
? / 60 \ 2 /'/' 60 \ £ 601 ’ [o1]
£ £ £ X g
2 40 - o / 40 \ S a0
© < =
= 20 - = ¢ 20 3 - 20
: : o : : : : ! : : 0
06 04 0.2 0 0.2 0.4 0.6 -150 -100 50 0 50 100 150 0 05 1 15 2 25
Delta X (cm) Delta XP (mrad) MME
Transmission vs. Ay’ Transmission vs. Ay Transmission Emittance vs. MMF
Transmission VS Delta YP Transmission VS Delta Y Transvesrse Emiit VS MMF
120 120 0.018
@
_ i _ oo, L o016 ” .
Q) 3 z r ¥ Y
< Praatl IR & aninl ARER N Go oo DEOW S Atk
s & S /‘ o \ = g 00125 IR
7z “ Z £ 001 pant
@ 66 £ / \.\ £ £ 0008 . * (ex+ey)/2
5 - 2 40 52,
g 40 g 5 0006
! B X : o o
* = M £ 00024
o : : 0 : : 0
-150 -100 50 0 50 100 150 0.6 04 02 0 02 04 06 0 05 1 15 2 25
Delta YP (mrad) Delta Y (cm) MMF
1
H SIXTY YEARS
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Error Studies (Linac)
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ELECTRON BEAM ION SOURCE

Transmission vs. Input ¢

Transmission vs. AX

Transmission vs. AY

1947-2007

Transmission Vs Phase Transmission vs Delta x Transmission vs Delta Y
Freeeee ﬁ """ ~ g —C0 — g i
< i c 99.5 166 *
% + n‘: N _09) 9 1 E /v > '\’\
£ 96 \ & 985 - @ / 95 \
2 95 £ 98 E 2
: ~ 1w | Y w
[ 94 c 97.5
" 93 A g 97 3 5 85
92 ‘ 965 : [ -
‘ ‘ = ‘ ‘ : 80 :
-30 20 -10 0 10 20 30 -2 1 0 1 2 -1 0 1 2
Phase (deg) Delta x (mm) Delta Y (mm)
Transmission Emittance vs. MMF Transmission vs. MMF Transmission vs. Au Charge States
Trans. Emit vs MMF Transmission vs MMF Transmission Vs Au Charge States
=
=~ 03 < 120 ~ 120
. S S
; .o ¢ o %mow < 100 oo
=T o024 S 80 oo S 804
¥ € 2 L B
= M 2 60 -~y 8 601
£ =
E E 019 g 40 = & 40
o g 20 & 20 \»
§ 0 T T T T = 0 T T T T = 0 : :
a 0 1 2 3 4 5 0 1 2 3 4 5 28 33 38
MMFE MMF Au Charge State
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End_tO_End SImU|at|0nS ELECTRMAM-Im

« Computer Codes used
LEBT -TRAK
RFQ -PARMTEQ
MEBT -PARMILA
IH -LORAS
HEBT -PARMILA
* Following ion species were simulated
Au*3?2 8 mA
He*> 3 mA
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lon/Pulse and Efficiencies for Au*32 e

EBIS
AT ﬂ 17 keVin 3.4 % 10° 1ons
RFQ 90%
AT B 300 keV/u 3.0x 10° ions
Linac 90%
AT ﬂ 2 MeViu 2.7 % 10° tons
BOOSTER 85%
A 70 MeVin 23x10° ions
e STRIPPER FOIL 60%
AuTT B 70 MeVin 1.4 % 10° tons
AGS 90%
A’ ﬂ 9 GeViu 1.2x 10° ions
e STRIPPER FOIL
100%
P
. ﬂ 9 GeViu 1.2 x 10° ions
RHIC
D Ra H 4 SIXTY YEARS
. paria 7 OF DISCOVERY
Physics Design kit September 19-20, 2007
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End-to-End Simulations (LEBT, Au*®?) —

e &
Pikin ELECTRON BEAM 10N SOURCE
2-D simulation with TRAK Beam parameters: o
l_el =100 A H B
I_ion =8.0 mA = ey
_ N | E_RMS_norm_init = 0.068 pi.mm.mrad o .__\.\ i
This Plot Created On: March 24, 2006 Optics parameters: E_RMS_norm_final = 0.0803 pi.mm.mrad & AN
_ | U_ion lens = -65 kV Alfa_final = 1.01 =8 gk
EOU File: FE55_0_67_500.E0U U_adaptor = -10 kV Beta_final = 0.068 o
BOU File: FBLEBT_6.B0U U_grid = +5.5 KV X_final = 2 mm .
TOU File: 55_0_67_1_78E5_2A.TOU IN_magnet lens = 1.78E+5 AmpxTurns | X'_final = 40 mrad e
1.650E402 | A~ 7\ (7.2E+03V)
. / : 8.7E-01T
/ Acc| QOIumn
© ' W , E s
|II i ﬂz_)-
= | | m
i lsolenoid g 5
| Grid lens Solenoid | 2 &
R L=251 mm °c 2
| | ar,l o
g 7
g 2 2
g: (=5
—
1.4E-03T
0.000E+00 — e == = ey (7.3E+04V)
1.840E+03 Z 3.945E+03
D. Raparia P ) S
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End-to-end Simulations

- . ge—

I )

- § el
ELECTRON BEAM ION SOURCE

|
1[1: X-XF at MEBT IV: X-XPF at IH Linac v: X-XP at Hooster
006 0010+ LT
= 003 - 0,006 024
= o1 0002 FO0H
X-XP :
- - o
S-0.01- Zo.o02
014
—0.04 - —0.006 -
02 -+ —0Lnet + -
] —0.05 - . . } 0010+ . . 1 -1a -0 ot 1] L3
-0 -5 0.0 05 L0 -1.0 -5 0.0 05 L0 X {om)
X {em) X {em)
. - : Iv: ¥-¥P at Hooster
. — i —-¥P e
Il: Y-YP at MERT 4.006. 4 1V: Y-YF at IH Linac 0010
o0+
- 0008
g .00 -
i g LO02
- = 0o =0uban z
z 2 &
= = S o0
& E=0.001 -
3 0.008
N | b —0.004
UL =+ -
L d ~0.010 -+
0L+ I . =1 . ,
-0 -0E -02 0.2 0s Lo —-0.005 — T T " ¥ fem)
Y {om) -15 -05 0.5 L5 .
¥ lem)
e L Phase—AE at Hooster
i o 1I1: FPhase—AE at MEBET g IV Phase-AFE at IH Linac Ll ¥ i
i 1 -
HTE]
B —-
= . =
] ER =
L o B ]
% ] g
o5 = e LE
£ e
n . T,
2 . . -5 . . . .
20 10+ } 504 . . I — 106 -0 -20 20 B0
-40 -20 B0 0 -20 -1z -4 12 20 Phase (deg)

o
Phase (deg)

4
Phiase (deg)
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Froction

End-to-End Simulations

D I SN
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- § el
ELECTRON BEAM ION SOURCE

Transmission is defined with
respect to the EBIS source

Fraction of the beam vs./P on the x-axis
I Froction—AP/P ot Booster
1.[} | | | |

0.0
0000 0002 0004 0006 0008 0010
AP/P

Location ¢ (N, RMS)

LEBT E{(m mm mr) 0.085

RFQ E, (x mm mr) 0.086
E, (= mm mr) 0.092
E,(m ns-keV/u) 0.0658
Transmission 0.987

MEBT E,(m mm mr) 0.096
E, (= mm mr) 0.090
E, (r ns-keV/u) 1.425
Transmission 0.982

IH-DTL E, (x mm mr) 0.097
E, (x mm mr) 0.096
E, (x ns-keV/u) 0.779
Transmission 0.966

HEBT E, (x mm mr) 0.146
E, (= mm mr) 0.122
T.(Ap/P=0.1%) 0.960
T.(Ap/P=0.05%) 0.896

D. Raparia
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End-to-End Simulations with error — ]

- § e

t0|erances ELECTRON BEAM ION SOURCE

* lon extractor £ 1%, lon lens + 0.5%, Adapter + 1%, Gridded lens + 0.2%,
Platform + 0.5%, Solenoid + 0.2%

 Quad Alignment = 0.1 mm (MEBT, IH-DTL, HEBT)

 Quad Strength £0.1% (MEBT, IH-DTL, HEBT)

 Phase and Amplitude +0.5 deg, £0.5% (RFQ, IH-DTL, Bunchers)

* Dipole Field Uniformity 0.1 % (x-y plane)

* Dipole Alignment £0.1mm

e Harp 0.2 mm

D. Raparia 7 LR
Physics Design /[ /v September 19-20, 2007
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End-to-End Simulations with Errors T T T

[ |

e 20 random seeds were used
« All the errors were uniformly distributed

e Simulation started at EBIS with 1000 micro-particles (TRAK
2D)

At RFQ r-r' converted to x-x’ and y-y’ with >10000 micro-
particles

o Alignment errors were corrected with automated steering
scheme

D. Raparia 7 LR
Physics Design /[ /v September 19-20, 2007
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End-to-End Simulations with Errors

- . ge—
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ELECTRON BEAM ION SOURCE

« Transmission with respect to the EBIS Source
*Transmission for HEBT defines as particles with Ap/p < + 0.05%

Location Transmission | € (RMS, N) e (RMS, N) e (RMS) MMF

(%) 7 mm mrad 7 mm mrad n ns-keV/u (x1y)
LEBT 100 (0.00) 0.0927 (0.001) | 0.0897 (0.003) | 0.1390 (0.002) | 0.05/0.25
Average (STD) (0.04/0.02)
RFQ 97.6 (0.75) 0.1223 (0.020) | 0.1160 (0.009) | 0.8500 (0.010) | 0.04/0.06
Average (STD) (0.03/0.03)
MEBT 96.7 (0.79) 0.1159 (0.004) | 0.1102 (0.006) | 0.8043 (0.079) | 0.55/0.46
Average (STD) (0.12/0.12)
IH-DTL 92.6 (1.19) 0.1286 (0.008) | 0.1380 (0.012) | 1.4513 (0.328) | 0.38/0.57
Average (STD) (0.09/0.12)
HEBT 86.4 (1.22) 0.1670 (0.008) | 0.1480 (0.011) | 0.8078 (0.054) | 0.03/0.08
Average (STD) (0.04/0.18)

(e of Nuclear py, i
D. Raparia OF DISCOVERY
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lon/Pulse and Efficiencies for Au*3?
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ELECTRON BEAM ION SOURCE

Simulations
EBIS
AT ﬂ T 9. Au+32
i 17 keWVia 3.4 x 10 10ns
RFQ 90%
97.6%
AT 300 keV/n 3.0x 10° 1ons
Linac Q0% 949%
Aar” ﬂ 2 MeViu 2.7 x 10° ions
85%
BOOSTER 933%¥ 8
AT 70 MeViu 23x 10° 1ons
—————mm  STRIPPER FOIL 60%
Au'” ﬂ 70 MeViu 1.4 % 10° ions
AGS 90%
AT ﬂ 9 GeVin 1.2 x 10° ions
——————m  STRIPPER FOIL
100%
A 70
. ﬂ 9 GeVia 1.2 x 10° ions
RHIC
8 AP/P =0.05% ¥ Longitudinal only
H 4 SIXTY YEARS
D. Raparla 7 QFHDBFZL:O\BE?RV

Physics Design September 19-20, 2007

EROgIIITN




D I SN
I -

e &
Summary

[ |

e External ion injection through LEBT works as expected.

* Physics design for RFQ is completed. The final design is
Improved over that presented last year.

« MEBT Physics design completed.

 Physics design for IH-DTL Linac is completed. The final design
IS Improved over that presented last year.

* Error Simulations are essentially completed. Results show that
the design is very forgiving.
« End-to-end simulations are essentially completed. Results

show that we can meet all the requirements for Booster
Injection, with a good safety margin.

* Next step end-to-end simulations with multiple charge states

D. Raparia ) or Bk S tRY
Physics Design g e September 19-20, 2007
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ELECTRON BEAM ION SOURCE

Backup Slides

D. Raparia 7 LR
Physics Design kit September 19-20, 2007

EROgIIITN




LEBT Experimental Studies ——

- § el
ELECTRON BEAM ION SOURCE

Experimental results for external LEBT QUAD 2
Voltage vs. Twiss parameters for different quads 5
15
(2]
s 1
@ '\.\_.\.—. —e—ax
8 o : ‘ : ay
Quad 1 é ol (- h S — . e 1.05 11 by
}—
5 -1
15 ————K———— ¢ v -15
2 ——ax Frac (V)
9] 14
% .——.—’4—/‘.’/. —=— bx
g 0.5 - ex
8 o ——o . — ay
2 0508 W 12 | by Quad 3
E . —e—ey
11 25
-15 2
fractional Voltage S 151
= 1 L_j -
@ D —EE————— —e—ax
£ 05
IS —=— bx
a 0 T T T
2 0509 M 11 &
(2] -1 A by
S
F .15
-2
25
Frac (V)
: f Nuclear py,
o‘s‘\\ceo ar Py Sic D. Raparia ? SIXTY yEARS
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RFQ: Physics Design —_—

Transmission vs. Au Charge States Transmission vs. Voltage

Transmission VS AU Charge State Transmission VS VFAC

120 120

100 1 //’\0/\ 100 + /,_.““rm
£ 80 ‘o;’
5 S il
2 60 | @ ——T
0 —
= —=—T acc
E 40 E B
8 20 - 5
= =

O T T T T T T T T T T T T
2028 29 30 31 32 33 34 35 36 37 38 39 40 41 1 15
Au Charge State VFAC
RFQ design parameters
100.625MHz,q= 1.0,amu=6.25000,i= 10.0mA, CZ9 100.625MHz,g= 1.0,amu=6.25000,i= 10.0mA, CZ9
_50,.X_(cm) vs cell number — . . . 3 REQdesign2_tbl __5-27-2007 _13:49:1
g i | X 2.5 ]
HULLTI e

i
T 0 -
B . N i e ] 1.5 / ;r/
I i e 1 g »
120 To0 = @@b@‘

T LT T— ro ’ e
NS r— | __:
: 98.6% , ”i"iiﬂl‘is : PR :UAW K % 100 Zl?cm) 200 250 300

(e of Nuclear py, o

Q Cy
o <3

F Nuclear pmatter - Quat™
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RFQ: Physics Design ——

RFQ Design Parameters
25
2 1 —e—a
15 | —&—m
—e—Es/20
1 A10
Current Limits 0.5 - ——— . —*— A0
SOOI
0.15 0 - ‘ ! !
6413 0 100 200 300 400
—_ U. 1O
5(: 011 Lenght (cm)
£ 0.09
- & ImaxT
- 0.07
g 0.05 ® Imax,L
3 003
@) RFQ Parameters (2)
6:6%
0.01 ‘ ‘ -
-90 710 110 210 310 6 W
—+— Wsyn
Length (cm
gth (em) ° —— Beta*100
45 —m—e0
3 ro*10
2 rho*10
1 —*—B
—e—cl
0 ‘
0 100 200 300 400
Length (cm)
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Linac: Physics Design —r —

PERIOD .LENGTH. Tube Length Vs Tot. Length

Tube Length (cm)
O FRP NWMOUUIoO N ©

Period Length (cm)
OFRPNWRAMRUIUIITON OO

0 5 10 15 20 5 30 0 50 100 150 200 250
Gap # Length (cm)
Drift Tube ID E_MAX (MV/CM)
2.05 € 0.25
L
2 2 02
o 195 2 015
L 19 2
[a) o 01
=~ 185 S
18 £ 0.05
3
1.75 = 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
DT # Gap #

0"“(’6 of Nuclear Ph
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Linac Physics Design —n —

I )
He+2 e §
ELECTRON BEAM ION SOURCE

Transmission vs. Current Emittance Growth vs. Current
Transmission VS Current Emittance Growth VS Current
_. 120 N 135
S w
< 100 Y DN — Q 13
c L
S 80 — 1.25 -
") > —e— exolexi
o 60 w 124 )
£ o e
@ 40 o 119 3 ezolezi
§ 20 < 11 ’7/‘//,;«—//' _ S
- Ll
0 T T T T 5 1.05
0 2 4 6 8 10 g 1 * * * *
0 2 4 6 8 10
Current (mA)
Current (mA)
Transmission vs. Input Emittance Growth vs. input Emittance
Transmission VS Emit_in] Intial Emit Vs Emit Growth
102 E 14 <
< 100 * . . * o
< N
S o8 M y I
g 9% \ E 12 —e— exo/exi
= o 11 N — =— eyoleyi
w94 > '
=92 N g o9
90 T T T T T g 08
0 0.1 0.2 0.3 0.4 05 0.6 w ‘ ‘ ‘ ‘ ‘
0 0.1 0.2 0.3 0.4 0.5 0.6
Emit_inj, N, RMS, (pi mm mr) o )
Emit Inj, N, RMS, (pi mm mr)
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ELECTRON BEAM ION SOURCE

End-to-End Simulations (LEBT)

Trans Emit(LEBT) vs Seed #
0.01
Z 00098+ "u
2 < 00096 |,
™ € 0.0094 . 2 o ex
= E ¢ T, ‘e o 00
UEJ; 0.0092 saev ® mey
T @~ 0.009 Cp— - *
Transmission (LEBT) vs Seed # g 0.0088 |- ™ LI [] LIP L |
0.0086 : : ‘ ‘
120 0 5 10 15 20
glOO 9000000000000 90090909+ Seed #
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2 60 -
=
g 40
= 20 Long. Emit. (LEBT) vs Seed #
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ELECTRON BEAM ION SOURCE

End-to-End Simulations (RFQ)

Physics Design
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Trans. Emit (RFQ) vs Seed #
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End-to-End Simulations (MEBT)
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ELECTRON BEAM ION SOURCE
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Trans. Emit (MEBT) vs Seed #
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End-to-End Simulations (IH-DTL)
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ELECTRON BEAM ION SOURCE

Transmission (%)

95
94
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89
88

Transmission (IH) vs Seed #

Trans. Emit., RMS, N

(pi mm mrad)
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End-to-End Simulations (HEBT)
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ELECTRON BEAM ION SOURCE

Transmission (%)

delp/p<0.05%

89

Transmission (HEBT) vs Seed #

Trans. Emit. RMS, N

88
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Transverse Emit (HEBT) vs seed#
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