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MEBT beam study
-

 Beam transport
— Transmission
— Transverse matching
— Longitudinal matching
— Emittance growth
— Beam measurement
— Comparison between measurements and calculation

e Chopped beam
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MEBT layout

2001.10.29 T. Kato

mBEA 8&B. NoF+v¥— 28
FR#EA 1868, Fayv/\— 2& 2K 29899 mm
Normal beam size < 10 mm
Deflected < 26 mm
Scraper at Q-5, r=9.5 mm
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MEBT Diagnostics
-

fEFE—A :6mA — 25 mA, 5 Hz, 50 ~4 7 uf

FHE EAT

e Current monitor 3 3
e Phase monitor 3 3

e Position monitor 3 3
e Steering magnets 5 1
e Profile monitor 3 0
e Emittance monitor 2 2
 Beam scraper 1 1

JPL



Chopped beam

ie Edit Wertical Hariz/0q 55; : Dizplay  Cursors Measure  Math Utilities Help = S tudy Bﬁ ﬁés E 0) BPM& 3:':2
| R . | e  One RFD drive, 30 kW
1)BT line?

3) sufficient kick?

4)rf phase

5)bunch length?

6) DX (AL &)

7)DX measured from BPM and
from scraper?

8) RFQ bunch?

D2 : BPM-4D x — 5 FOXFBRBROE B, RFDE# DT, BALAD 720,
TD2E : BPM-5D x —FHDOXF M EBMBOE R, A L—NEH, A7 L —NX
AL TWRVIREE, TOREENOLEHELZE—L DL E=6.9 mn, R\ %

wL TRV DOEEFPL, BE—ABAEDN DD, 400 ns/div, 4 mA 6
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Chopper + pre-chopper system

- Beam power on scraper:.: S800W
- 3MeV * 50mA * 500us * 20Hz * 0. 44
- Transient time

- chopper 10 ns
- pre—chopper 50 ns

- 70% decrease in scraper power is expected.

CFUF g v AT RAF—ERERA LTS
DT, BERRT O, T = o P — DL
NI A TWNAENE 9 D EE

- ———>A%%beam study
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Ref:http://jhfla.kek.jp/~kato/bendmeasure.pdf

Length (m)

Example of bend beam-line parameters
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Beam intensity (arbitrary unit)

Energy and energy width

0 50 100 150 200 250 300 350

Bending current (arbitrary unit)
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Energy shift (MeV)
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Measured energy shift vs.

buncher-1 phase. 23 mA.

The energy shifts measured

with two FCTs are also
plotted.

Energy width (keV, rms)
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Energy width vs. buncher voltage

—&—Dw-3mA
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Emittance measured in bend system

‘ O measuredl —@ - simulation
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Bend twiss parameters (measured vs. calculation)

3 O beta-x-me
! "l O beta-y-me
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Emittance in bend and straight lines
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Twiss parameters

(comparison between measured and TRACE3D cal.)
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Magnetic field gradient of Q8 (T/m)
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MEBT D =T I
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RFQ beam
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Beam current (mA)
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RFQ tank level (normalized)

Beam current by CT1
and CT2 vs. RFQ
relative tank level.
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Beam current (measured & simulation)

@ C12
X normalized-simu-cu
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Measured CT2 and
simulation results
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RFQ tank level.
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RFQ & MEBT DE&|

steering off on
Beam | o3, | 9g.4 %
transmission
Ex(4rms) | 0.98 0.91 T-mm-
mrad
JT-IMm-
Ey(4rms) 0.97 0.88 mrad

* CT1 {250 KeV
E—ANEEN
TWADT, IE
A EAA

Steering ON: MEBTOE 1 BeA QUIZBWT v FAI~K 2.8 mradfiF
= 1.5 mrad DEETZE 3

Bz 1. ASBTF— Ay =—0. lmm, Ay’

JPL
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x' (mrad)

MEBT simulation: 3 MeV AN B — A
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MEBT#HERE R (1)
-]

‘ O calculation—21mA|
- X = Y - /\ calculation -50mA

1 1 | | | | |
0 =)
& :
E |
g :
kS £
O >
/M R O YF- S AN N SO S SR S _
[0 N 23 T NN S AR S S i
0.7 | | i | |
STP 4exrms (t-mm-mrad)

LINSACmebtFHEEF D B — ALY A XDE(. BINNTA—FEEZT-3HE
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X' (mrad)

MEBTEH R R (2)

30 . 0.06

L L L L L LB L B L R

0.04

0.02

y' (mrad)

AW (MeV)
(]

-0.02

-004

T T PR DU PR PR S ) S U FUUTE DU PN PO 006 Lveaivuniveuinuiven i,
302 10 1 2 3 B30z - 0 1 23 30 20 -10 0 10 20 30

X (mm) y (mm) Ad (deg)

Rms 90% 99% n-mm-mrad, 9600 i
Ex in 0.198 0.806 1.06
Ex out 0.222 0.947 1.73
Ey in 0.201 0.818 1.08
» By out 0O 0.997 1.84
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400-MeV Linac layout

lon source

bETET
EREDSE TS e
l).r-‘-’i‘ - ‘[-.‘L.u’.'y

- function g : | 5
gOO Metf version . “NW [TV SN RN AN
MEBT-DTL-SDTL-AOBT 8-.}\ml\]\t\LJMJJ%U.“"LL\L\L\\W\H M

]j i TN TN

JPL ) 50 100 150 200 250 300
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JPL

Matching section (1) MEBT-DTL

' "FT19twis==all" using. 1:4

B H - ' -' FTZObeampara’' using 1:16 =
z : CF T TZ0beampar-a’ usinmngs 137 -

3 3.5 4

24



Matching section (2) DTL-SDTL

14 L] L] L} L] L) L L]
: : : : ¢ 'FT19twissall' using 1:4 -«
KT18tuissall’ using 1:7  +

IPL DTL SDTL-------- > 55



Commissioning beam: 3 MeV
- /7]

-m“? | TR 7B :

1) DTL-SDTL~ v F v F¥ % 1&
1E

2) SDTL-AOBTEBIZBy IZHE 5 fHIC
RL., BlZhTNIELE,

3) L3BT AREBIIEIE L TV
WDT, IR YTFRRDLN
6 o

" 50 mME— AR ORERES

ﬁy@ﬂi IZHE - CThESE 2 2 1L,
PE- T,
1) wvForreray,
2) HNED> HBTIZZ 3> 5 A0BT
A0 (ZEHERIER DL
REW)TIXI AT v TFBK
Z\V,

. BT : 50 mA

BL OSSR = v o MEBT-DILDORE~ » F > 7 FRBEIZAE X 2 FIREMED 3 B ¢




Commissioning beam: 20 MeV, 68 MeV
]

beta =< 4y

"FT19twissall' using 1:4 }
'FT}Btwissall' us;ng 137
=2 o T -------------- ------------- ----------------------------
DTL-1: 20 meV beam, one Quad tuning




Simulation (400 MeV)
-]

- 3200 & 9600%IF
- 7—72L
-7 —1

- BRI — 1% = 1. A%/
mm

-7 — 2
- BRI — 1% = 1B, BAE
- MEBT - ACS - L3BT (arc2¥ )

- LINSAC code

JPL

*0. 05

=

+0.1 mm

<F
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1.5 :l 1 Ll T l T T T AN l 1 T T T ! 1

05 [ .............................. S ........................... _

Energy width (MeV)

X
X
y emittance ( m-mm-mrad, 99 %)
=
(9]
!
i

398 399 400 401 402

Average output energy (MeV)

38 39 4 41 42 43 44
X emittance ( w-mm-mrad, 99%)

EES 1% 1Eo=x=Z— (DTL, SDTL, ACS). A& f50um,
ACST T — DM BRI EDFHEBEREE
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x' (mrad)

ACS HB )= v X R
e

b108p32ker.acsFT64

b108p32ker.acsFT64
2"""' 2
o SRR R R A R R AR
L5 3 E 15 F -
'E ERRY :
02 3 ER 05 E E
C 4 o} C ]
] Eoob -;
'0.5 E_ _E .>*- _0-5 :_ _:
T EREY :
-1.5 E_ H H H H H H H _E _1-5 E_ _E
-2 -IIIil.IilllillIilllil.lilllilll- _2 Elllilllilllilllilll;lllilllill E
8 6 4 2 . (r?lm) 2 4 68 8 6 -4 -2 0 2 4 6 8
y (mm)
\p— — ‘J_.
- T7—1, 3200RF

AW (MeV)

b108p32ker.acsFT64

2

=)
L B L

_2 [ | L1l l Ll | L1l | L1 l L1l
-15 -10 -5 0 5 10 15
A¢ (deg)
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Emittance ( t-mm-mrad)

XRMS o X99
X90 o X999
10 prerpre e 20
8 = i
g % 15 i
6 | : %
5; E o0l
4 g g i
2 E E 5
00 0.1 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08 00- 01 02 03 04 05 06 07 08
BETA BETA BETA
T>7—1, 3200p, MEBT-DTL-SDTL-MEBT2-ACS
A+437e i MEBT20DFF% ., transition T~y F L 7, N
vFx—, FayvN"—HDa— FH5pOWE
JPL
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TIVHUADT

T -mm-mrad

xrms Xx90 x99

yrms Y90 y99

=L ¥ (ACS

acl,
!

n-MeV-deg MeV MeV
zrms 790 799 dwrms dwmax

INPUT

0.199 0.8141.06

0.201 0.816 1.09

3200 F

al107no-error
b108 error-1

b113 error-2

0371 1.63 3.35

0416 193 4.03

0.500 2.28 4.74

0390 1.71 4.10

0434 195 440

0522 241 5.12

0874380881 0.258 1.18

101 442952 0427 1.39

128 5.57148 0314 1.35

9600 HiF

2109 no-errorx

JPL

0.391 1.75 3.86

0.388 1.72 3.81

0.886 3.899.07 0.258 1.17

Error-1: £1%, = 1deg, £0.05S mm Error-2: 1%, + 1deg, 0.1 mm,
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- é,*[;]@ﬁ%%&i\ R DBEIFIDSLINSAC ZfFE-> THOFa—=r TEEE2 LT
AV

- AR Fa—= T
- WERBRDF 2a—= 7

- LINSACmebt
- TN T X —&N T —H G DMEX ¥ v 7T
1 XYy KD —EDEEZEHL TWERA
- ACSZEJR & A TR LR L DB Z T 5
E. 10%RRE, M I o X U ANEML TWAE
23|
- WIULOEE x8, X16, X32
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JPL

Simulation code for proton linac
]

Availability of input files:

MEBT1
PARMILA Ready
IMPACT Ready
LINSAC Ready

MEBT?2
PARMILA Ready
IMPACT Ready
LINSAC Ready

DTL SDTL
Preparing  Ready
Preparing  Ready

Ready Ready
ACS L3BT

Ready Ready

Ready

Ready Ready

34



