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1. Introduction of the IR-FEL project 1
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Table 1: Electron beam parameters T\ |
TFIRI:"EL

Beam energy 15~60MeV MIR FEL oI
Bunch charge Q=InC W
|
Bunch length, rms 0=2~5ps °
Bunch repetition rate 59.5,119,238,476 MHz Compact : ‘
Macro pulse length Max:10us

Room area: 12*24m? |

Macro pulse repetition rate 20Hz




LZ. Design of Button BPM 1

Table2: Design parameters

Bean pipe radius b=17.5mm
° Requ1rements: Longitudinal length 25mm
1. Low cost and Compact Electrode deviation angle from horizontal axis ~ ¢$=30 degrees
2. Resolution<50pm for Feedthrough impedance Z=50Q
different repetition rates Electrode thickness L=1.5mm
Electrode radius a=5Smm
Gap between electrode and vacuum w=0.3mm
. Button BPM .
ol 2 1
E i_ 30 degrees ll
101 3 4
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x/ mm

Fig.1 3-D model Fig.2 Cross section view



2. Design of Button BPM

Fig.3 RMS value <—>input signal level

Libera Single Pass E test record
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Fig.4 Calculation region(green)



2. Design of Button BPM

Follow signal from beam pipe to the Libera Single Pass E:

t2

Q

2

Bunch current: I(t)= e *°
271G
I |
Image charge on button: Q, (o) = —buon_, (@) _ma’ I(o)
: vacuum BC 2ch BC
Image current on button: I (0)= ma’ .iﬂ.l(w)
e 21b Pe
. . 2me L
Equivalent resistance: Z( (D) —(Z" +ieC)” C=—"3
ln( j
r
Image voltage on button: V(0) =L, () Z(o)

Attenuation of coax-cable LMR-400: Att.=-0.033-L, - (0-12229\/FMHZ +0.00026F, )

Att.

Voltage out of cable: V.. (0)=V(0)-102

Ref: Smith S R. Beam position monitor engineering.
ATP Conference Proceedings. AIP, 1997, 390(1): 50-65.



LZ. Design of Button BPM

I( ) - I( ) Visual
_ S putton o) ma e beam pipe
Qimag (O*)) Cvacuum BC ZTEb BC = g /___ -

-

a—> button radius
b—>beam pipe radius

beam at (0,0):

2
S =17-a

button

beam at P(r,0):
for Button i (1=1,2,3,4)
< i na’b*cos (6, )

button =~ <2
Il
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2. Design of Button BPM ‘

. . !EEEJtlor? BF'_M . . . .
15+ Jl/..--""'---’_ = - ._\\\‘ |
’ ‘ _ QO mQ 70y
w2 | AT +Q,+Q+Q
| 1 2 3 4
5| Delta over Sum —0 —
: v A%
£ Al
= " Q+Qy+Q3+Q,
I x=K U + X
3 4 Linear fitting 1 KX A/Z Y
-20 -15 -10 -5 0 a8 10 15 20
X/ mm
Region: (-5,-5)~(5,5)mm Kx / mm Ky / mm
Boundary element method 10.6928 18.2625
Derived formula 10.7095 18.8019
Error / % 0.156% 2.954%
Ref: Shintake, Tsumoru, et al. Sensitivity calculation of beam

position monitor using boundary element method. NIMPRSA: (1987) :
146-150.



2. Design of Button BPM

Condition : Q=1nC, bunch length=5ps , macro pulse length=5us, cable length=80m

Bunch repeat frequency 59.5 MHz 119 MHz 238 MHz 476 MHz
Signal | maximum | -16.0441dBm | -10.0296dBm | -4.0115dBm | 2.0122dBm
level minimum | -30.0605dBm | -24.0424dBm | -18.0249dBm | -12.00425dBm
Signal range \ dB -14.0164 _14.0128 -14.0134 140164 |

uncertainty

250 ’
=
200 5
Sl (1) Resolution induced by electronics
o e
g ‘IDD\¥“ GXl/lJ,m 8651
il o\ = oyl/um 15.04
N Y:154
e =
% 35 30 25 20 A5 (214 5 0
Winput/dBFs | ''8:988

Libera single pass E Required RMS noise



2. Design of Button BPM

(2) Imtrinsic resolution only considering thermal noise:

P.
b 1 _ “signal B
%int ~ 22 ' JSNR SNR = P ’Pnoise B kTBW

noise

k =1.3806x10 233 /K, T = 300K, B =10MHz

Bunch repetition rate 59.5MHz | 119 MHz | 238 MHz | 476 MHz
Intrinsic resolution 0x2=cy2/um 0.3263 0.1635 0.0817 0.0409
G, =40 +0c )’ G, =1/Gy12 +csyz2
Resolution ox/pm 8.6572 8.6525 8.6514 8.6511
Oy/pum 15.0435 | 15.0409 | 15.0402 | 15.0401




3. Offline tests

Wire Method

1. XY moving range : -Smm~+5mm , step : 0.5mm

2. X-Y motor: position resolution = 2.5um

0.6mm Tungsten Wire

»

Motor

CWwW
Controller

Signal
Generator 2

Labview

«— ]

Trigger

Libera Single Pass E

Signal
Generator 1




3. Offline tests

Results for multiple tests with all 11 BPMs
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L3. Offline tests

Lambertson Method

o2 The mechanical center offset
. ‘ A relative to the electrical center :
gl
X =K. g +8,-8,78; _ K. - 1+84 — 8, — 8
g4 g +8g, +t8,+¢, 1+g, +8;+84
C D g, +8,-8,—-8, _ 1+8,—8y —8an
Y, =K, - =K, -
g3 g +g,+tg;+g, 1+g, +8; +84
O—»| 8] " Gij }—gi ——»0 Sij:\/ij:%:zso.(}ij.gi.gj
Vj J 1 Vi ]
B B _
Vj :z.gj.vj Ii:Gij'Vj Vi_2.50-Gij.gi.gj.Vj

Ref: Chung, Y., & Decker, G. Offset calibration of the beam position

monitor using external means. AIP Conference Proceedings (Vol. 252, No.
1 +nn 917=994)



3. Offline tests

2.50.g% = xS . Gy - S,,S;, . G, - S4S;; - Gy,
ino- 1

Assuming: S GGy S, GGy Sis GGy
2. S,S5 . Gy — $,1S4 ) Gy - 1,54, . Gy,

55765 S GuGn Sk GuGn Sa GGy
G12 :G34 2.50.g32 _ S35 } Gy o S4551 ! Gy " 1,8y . Gy
Gi; =Gy, S GG S GGy Sy GxGys
G23 = G14 2-50-g 2 _ S ! Gy = S;85n Gy . S1484 . Gy,

"8 GGy Sy GG Sy GuGy

Lambertson Method

g, = & _ J S84 _ J S515453 _ J S84

X =K . FEpy — oy B & S;1Su S1251455, S41Ss1
: " lig, +g, 48, _8& _ JSSZSB _ \/843532 :Jsszs43
o 1+g,, — g5 — 8 ! g S,S14 S84 S

m ="y I+g,,+8,+84 £ =5 JS42843 :Jsl4s4zs43 - Js4zs43

g S5S,; S84S5, S1,55,

Ref: Chung, Y., & Decker, G. Offset calibration of the beam position

monitor using external means. AIP Conference Proceedings (Vol. 252, No.
1T nn 917=994)



L3. Offline tests

Lambertson method’s Precondition:

Each BPM has four electrodes with good Consistency

TDR-test:

Cable version: Tflex-402
Length: ~Im

Velocity: ~0.695*c

BPMO1 TDR test

It Tj}»w =R
0871 —Cable
— Button A
0671 Button B| -
— Button C
04+ —Button D|
D21
0 H
0.2 ¢ ; ; , , , ;
0.5 | 1.5 2 2.5 3

Distance / m



3. Offline tests

BPMO! TDR test _ PR FDR 1ok : ) BPMO1 A
. . A —— | 1. .
DA —:iz:mn E 0; L
04r ’ 0.4
; 6 ? Timi /s 9 0 z s 6 iji = 5 10 Y s 2 ﬁmi/ns ‘
Fitting equation: y=al+a2-e 3
a3= 1/(R*C)
Capacitance / pF A B C D Theoretical value
BPM# 1 1.5765 1.5580 1.5867 1.5937 1.4321
BPM# 9 1.5339 1.5431 1.5397 1.5393




L3. Offline tests

BPM Number Lambertson method
f=476MHz
Xm /pm Ym /um
No.1 1# 234.7 -171.1
2# 258.1 -138.7
No.9 1# -145.5 -380.2
24 -157.0 213.7

Not enough tests to get a
general Conclusion!




L4. Conclusion and Outlook

1. Kx & Ky both have ~9% deviation from the theoretical value.

2. How to improve the precision of wire method?




