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Status of HINS 2.5MeV beam

Needs of bunch shape measurement
Basic idea of BSM

BSM for HINS
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HINS Linac Front End

Current status of HINS Design parameters
lon Source/ LEBT RFQ Temporary o, =0.74mm
50 keV | 2.5 MeV | | Diagnostic Line o, =0.74mm
® Proton source successfully commissioned o, =9.9°(85ps)
® RFQ is under RF power conditioning Enx = 0.25mm-mrad
® Need characterizing of beam parameters to: &,y = 0.25mm-mrad
- Study performance of RFQ \ &,, =1.16keV -ns

- Tune accelerator to give designed beam parameters
» Longitudinal distribution of a bunch in linear accelerators
is one of the most important beam parameters.
» Can be used for beam dynamics study

» Can be used to tune accelerator 3



Basic Idea of
Bunch Shape Monitor



Basic Idea of

Bunch Shape Monitor
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Estimation on

Measurement Resolution

L, .

electron RF Deflector Pickup

A = e — }} w,
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Resolution: Lorentz Force Law:
Ao W 1 1
s _ W 6.(5,4)= E dz
S I
W, where
- 2L.6, Bo[T -m]=3.3357 p[GeV /]

is the momentum rigidity 6



An Estimation on

Measurement Resolution

Ao 1 Assume
E dz=EL — e it Wi =
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Reasons for Using

Bunch Shape Monitor

1. High Bandwidth Requirement

4

gélf/hfiﬁzgth g | 5 = fBeo, Non—des‘rr'uc;r.ive
} | p=0073 at 25Mey ~ Medsurement.
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g ZW HINS | = 0,y ~300ps 5% Resolution =
o | | =0, wm~ LR RrLYI® /Al Bandwidth = 33 GHz
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Wall Current Monitor No Good 8



The Fermilab
Bunch Shape Monitor

RF Deflec‘ror' Assembly

It was designed and
used for longitudinal
beam profile
measurement in the
400 MeV Linac
some 15 years ago.

We will attempt to
use it for the HINS
Linac front end after
some modifications.




RF Deflector



RF Deflector

RF Deflector sits inside the housing
RF D.rive
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RF Deflector MWS Model

Adjustable Copper
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Snapshot on Electric Field in

RF Deflector
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¥ ””’"“ e This RF deflector is designed for Fermilab
P > 400 MeV Linac thus resonates at:

201.25 MHz * 4 = 805 MHZz

H_..z Question: Can we use it for HINS ?




Tune RF Deflector to

HINS Frequency 325MHz

Adjust Spacing A |
Fermilab 900 1 00 1
Linac 550
805 MHz b dlln
300
e (ST
% 750 - Measuremnt | |
<700 :
—_— %65[} //
HINS g /
325*2= /
650 MHz 550
1 00 [
500
0 1 2 3 4 5 6 7 8
Fndcap Spacing [mm] 1 00 [
RF deflector can be Adiust Spacin
used without machining. J pacing =




Huge Gradient in

Endcap Spacing

Assumption: Energy stored in
resonator constant

1.00

=¥=Between Plates

=8-Fndcap Spacing -

0. 80
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Gradient [Normalized]
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Power Dissipation and

Quality Factor

1.2

T i e il
B Power dissipation drop
Eg. o-© Fermilab when move to HINS
Dol HINS Linac frequency.
DC_) 02 . . °

Variation < 10%
° 1] 1 2 3 4 5 G T 8

Endcap Spacing [mm]

R oo oooooooe Quality factor drop
T I when move to HINS
. 1000 | Q. = U frequency.
E Fermilab 0o — P
= 3800 [ Linac loss ..
Variation < 10%
HINS
3400 . : N 3 zlx 5 els 7 R 16

Endcap Spacing [mm]



Shunt Impedance

4.8
4.6
4.4 r

42T HINS

3.8 .
Fermilab

Linac

3.6

Define Shunt Impedance

Shunt Impedance [MQ]
.

3.4 r

3.2 1 _‘EL‘Z
O Ro="05—

0 1 2 3 4 5 6 7 8 loss
Endcap Spacing [mm]

Improved by 15%

where |EL|= _ﬂEx\dz
Lp

No drop in Shunt Impedance. "



Quality Factor Measurement
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Shunt Impedance Measurement

Place 2 slightly coupled probes near the
deflecting plates

Apply a known voltage across the plate and
the housing by loading down the system

Scale the transmission coefficient from the
probes

Determine the ratio of voltage to power

600 650 700 750 800

Frequency [ MHz]






Conclusion

@® HINS needs bunch shape measurement. The introduced
bunch shape monitor can possibly provide the service.

& Basic idea of the bunch shape monitor is explained. Bunch
shape measurement using low energy secondary emission
electron can achieve a high resolution (tens of GHz).

@ A bunch shape monitor designed for Fermilab 400MeV Linac
is readily available. Preliminary study on its RF deflector
shows that it is possible to use it for the HINS Linac Front End.

@® More testing will be carried out.
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More on Beam Deflection
Mechanism



Maximizing
Angle of Deflection

LT >
Signal
electron RF Deflector Pickup
/\ EXT L w,
— O — s
¢, full
— Ly — dx

The angle of deflection:

To keep center of bunch undeflected:

Deonter =0
t, =—L, /(2/c)
t, =+L, /(24c)
Also
Deng = 0, i /2

23



Optimal Length of Deflector

Electron Energy =10 keV
O run =300 S
¢= O 4 full /2

2.25 E., = 300 kV/m
5l E., = 500 kV/m
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Resolution

Optimal Length of Deflector

E,.,=700kV
Oy =300PS

¢= O 4 full /2

— Electron Energy

Electron Energy = 8 kV
Electron Energy = 10 kV
12.5 kV
— Electron Energy = 15 kV

Lz

0 0.02 0.04
Length of Deflecting Plates

0.06 0
[meter]

.08

Optimal Length of
deflecting plates vary
with electron energy
due to transit time
factor.

Attention is
needed when
used with a
different electron
energy.
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The ProjectX Linac and HINS

Front End ILC Style

Room Temperature SugerConducﬁng 325MHz ‘ 1300MHz
lon Source/ || rRFQ U mesT Il RT Spoke || Single Spoke || Triple Spoke || Elliptical |, g~ \/
LEBT Resonator Resonator Resonator Cavity
Y S E— ——
TSR
Eout 50 keV (2.5 MeV 2.5 MeV 10 MeV 30 MeV 120 MeV ~400 MeV
Zout 0.7m 3.7m 57 m 158 m 31'm 61l m 188m
C(ZWI;L;Z;*‘:: q i 16 copper 18 single-spoke: 33 single-spoke : 66 triple-spoke
Cavities CH-spoke SC cavities SC cavities SC cavities
fast beam cavities B=0.2 B=0.4 B=0.6
chopper : : :
Gradient 10 MV/m 10 MV/m 10 MV/m
Focusing 3 sC . 16 s.c 18 SC solenoids: 18 SC solenoids: 66 SC quads
solenoids solenoids
Cryomodules 2 3 11

Table by Bob Webber

HINS R&D Program: RT Section + 3 Cryomodules

from O ~ 60 MeV

26
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