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4, Bearit diagnostics for accelerator > H. Koziol - CERN, Geneva, Switzerland
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An accelerator is just as good as its diagnostics
Aok B d R 4 Atk

Beam Diagnostics for Accelerators, H.Koziol, CERN

> 4o ik B & Z ik 47 69 34 F B (gauge for machine acceptance test)
> e ik B EF L AE 6948 X F £ (commissioning & operation toolkits)
> T e ik B4« R F K& (machine study toolkits)

Aug 2010



R ES# 4 4016 A

. SR S SE S RS 4 AEEE
2 Kk # € W 03 % fk,, % ;)Tﬁ
%o 4 # % # % # * 3k A B &R
X & # K& 2 a4 om T PYEYN Y
=5 78 % 3 ’ ié A
4% 4%, #% 4

Aug 2010



Eri8 &R M T I T

(ransverse | longit. Effectonbeam: N none
= — slight. negligible
C?: 9 - + per‘rurbipg
. ol |2 4‘_] -<] g o ‘ D destructive
PROPLRTY MEASURLED —m-| 2| | 5| 2 | 57| 2 _:, o *3 Eitect on beam
Zls|2 |22 2=
=2 |S|a|c|O@E |2 IN]=| +]|D
Beam transformers ® ® O X
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Pick-ups el o|e ®|® X
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Secondary emission monitors oleo|o|0 . X | X
Wire scanners o|0|0 . X
Wire chamber eo|e X | X
Ionization chamber o X | X
Beam loss monitors o |o |o . X
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Residual gas monitors ele'e X
Scintillator screens ele x| x| x
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Synchrotron radiation ® ®| o X
LASER-Compton scattering ®e ®|X
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Measurement of energy ® X | x| x| x
Polarimeter ®|X X
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o k42 4% (Faraday Cup, ns - us)
o B @ #tm B (Wall Current Monitor, ns)
e ¥ & ¥ & EZ (Beam Current Transformer)

> R U;vu QJ U;vu I P-4 (ACCT US)

> ik & k¥ A& ZE (Fast CT, ns)

> A FEFAEEZE (Tuned CT)
> feodEZF AR E (ICT,ns-us)
> ﬁ U @UI'U{ P-4 (DCCT ms - S)
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BEAM DIAGNOSTICS FOR ACCELERATORS, H. Koziol, CERN, Geneva, Switzerland
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CTF3 in CERN, DIPAC2003, A NEW WIDE BAND WALL CURRENT MONITOR
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Figure 8: WCM signal on CTF2 beam

Figure 3: WCM general cross-section
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Figure 3: Beam at linac exit without (left) and with (right)
SHPB recorded with wall current monitor.
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Figure 7: Multi bunch mode WCM2 trace: Entire pulse

train (left) and detail (right).
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IRIE ) Bergoz 28 RIRK M — MO B (AR ST il & L O kL el
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FCT [1J4FPE
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HEALET RS

» [t 1snot yet used in the medical field, but installations at heavy
ion research institutes RIKEN and GANIL demonstrated sub-
nanoamp beam current measurement

www.bergoz.com

STATUS OF BEAM DIAGNOSTIC SYSTEMS FOR THE PEFP
Sung-Ju Park, Jangho Park, Yong Woon Parc, PACO05
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Bergoz ICT

1000 samples

RMS: 0.009/1.067nC = 0.8%
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Scope embedded IOC
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Storage ring filling pattern @ 2009.04.14
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BCM linearity test @ single bunch
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(courtesy D. Noelle
and M. Wendt, 2003)

LHC

BEPC II

Aug 2010



%A 5 E Ao B

Vacuum Feed Through\ j . i ,g\ __ _ _._, I_l__' | '_'_I_"RI/_IZ_I_E
YA B ) 3 E
ey
O ) i S - ° z
['jAa BSE}J r% AR (AN (EVRPE R
' 0 10 20 30 40
[GHz]
é*@ﬂ%&@ PR COE VN
¢ L V(o) ¢ . oL iG-Z
u(r) = T ; i,(1)—1, (r——) Z(jo)= o) Z, oy sin ; e 2
o iy AR AR
s BEMEFTREKRT iR 440 B
s BEIATALFrREFRARELTF

T A F £ &l 46 23 Lo
Sixth OCPAacceleratorschool SR



LG I BB F/AEN T 4 %

High level application
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electrode Power| = - ----------
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T sMFTHEETE: FFTck

HABAE: XM E ST, RELIRIEALER € TIER

PC #Hl
AX,Ay CPU
o .| AGC Bk
180 PN :
e »| 14bitADC |
b . 5 14bi
. o e L
- o S
' RS ks
: Trig i
o T e E FFT | |
' FSIE
| L A AR Y
| 4 75
|- o
COSYH FFTiE TAE S B R4 IMERTE L, WRMEAREX
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M FHEETE: ilairt

HA AR KA S AR A PR S 45 Bl B B LR, OB B A TAE

Tune {H

BPM
V2| Vi
' 130° U HA 2
o g 7N o, EE
E'%% \ e e J v e
V3 V4 Uose T
! HIUG tune
I AX,Ay
'
| R
¢
| b /////
:| ¢ |:~ %: BHIE e

CERNZUHIELAE RN B RS

IMERRTE L, SR BARYF X
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SSRF.T. & & | & % %4

MatLAB application
OPI FFT of TBT data
I Access function generator via HTTP
Aguileint 33220A : Control net work
Swap signal Function
100kHz-400kHz Generator
Swap time 1ms
Amp 1V
h 4
Power
Splitter
y \.300
BW 2MHz Power Power Libera ngfi:)aok
sow Amplifier Amplifier BPM processor | samples
@
R
< L
Beam

Configuration is the same for Booster and Ring
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2] . SSRF.L.#& & | -§ 4 4,

~

Typical TBT data with stripline kicker on, swap signal 100kHz-400kHz, swap time 1ms, 1Vpp

§ ' lL
Typical TBT data during tune measurement
lane, 5 00K 3 : : ’_IZZZZZZZZZZZZZJLZZZZZZZZ
Daily operation panel
—— Daily operation:
| FFT of 10k TBT data, uncertainty < E-4
1 Precise measurement:
po—— | FFT of 400k TBT data, uncertainty < E-5

gggggggggggggggggg

Precise tune measurement
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#]:. SSRFL /&£ & | ¥ 4 4.

Harizontal “erical
05 T : TR R T : 0.5 S P T ST LR 58 =
D.AS{ : L o 0 S o 0.5 0 o RN e B | i
0.4 : el ; s 4 0.4l e o
& 0355 LR 1 sosll i 53l
2 . 2 - -
2 n3f 4 2 03 8 e3
o i 2 i
] 1 Loz '— = 525
o £ o
% 02k ] TE 0z ] 52
£ 3 £
z 1 201 A 515
= 0.1 & 51
4 0.0s & 5.05
I I L 1 . D 1 I I I n s g
15 2 245 3 348 1 158 2 25 3 35
v,
Turns win’ Turns win’ x

Horizontal ramping tune Vertical ramping tune Tune drift during ramping

5 Typical beam spectrum @ X plane 5 Typical beam spectrum @ ¥ plane
10 1o
10 10’
o 0.1 0z 03 04 0s 0 o1 0z 03 04 05 TBT d t 400k I 240
Heasured X tune, 1000 samples Heasured ¥ tune, 1000 samples a a samp es, cover ms
0.17 022 = .
b | d FFT windows size 2048, 1/1.23ms = 800Hz
-
ool U'*WUW“WH”W WTM Uik J”WMW Tune measurement uncertainty < E-3
0.18 021
o 200 400 600 &00 1000 0 200 400 600 800 1000
¥ Tune readings distribution, std = 0.0009719 ¥ Tune readings distribution, std = 0.00087478
200 400
150 b 300
100 q 200
S0 | q 100 |
o ..|I I. . o |‘|I.I .I Al
0162 0183 0184 0185 0166 0167 0163 0168 017 0213 0214 0215 0216 0217 0218 0218 022 0221
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6y B~/ oo &
transverse beam size /
distribution measurement
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s ZROUTFEELAEMH (ALOYYAG) 5, #E2EH425
HBEX, B KOpEABETEFRAEKGHK, F AKX
B4 5 FE L2 A B BERTHERRAE AT

c BARAALS R/ LS GHAGEAS. KHEaAH

o B[4 G ARE A G F 9 AL
« BAFGHKE/LWE M
scintitlafor screen
@rj?ﬁ*—

T'Vcamera

BEAM DIAGNOSTICS FOR ACCELERATORS, H. Koziol, CERN, Geneva, Switzerland
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RAERBGMNE 4 4% AANETEIL

OTR %

c SFROTFHARRACNRLRAFTIEH Ltk KA
KepBoToFRALRMK, FAXNEKEL S LS4
K EOT #1415 A& &R

-mﬁ@%ﬁﬂﬁﬁﬁﬁ&%@#@mﬂ%%@&&,ﬁ
d¥W at i

——— % F{,f,u) N o= 22 |1a(27)-1/2)| 1o wpfer
dwdl  ®fc (949732

"%7 xﬁ@”‘dﬁﬁ@&’ﬂﬂ
B

[ ]
& i

* B

a.) NORMAL INCIDENGE b.) OBLIQUE INCIDENCE
($ = 457

ADVANCED, TIME-RESOLVED IMAGING TECHNIQUES FOR ELECTRON-BEAM CHARACTERIZATIONS*
Alex H. Lumpkin, Physics Division, Los Alamos National Laboratory

Aug 2010



AR T 4 % HIELEFE

AAKBGRTOHANETEELEL A4 THAE:
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SLS # £, % N s

— Actuator

Moveable Mirror

Lens

75 mm CCD Lens

Sony CCD
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#% 4a 1% #o-0) & (wire scanner)

principle: precision stage with precision encoder propels shaft with wire support
wires (e.g. C, Be, or W) scanned across beam (or beam across wire)
interaction of beam with wire detected, for example with PMT

wire velocity: depends on desired inter-point
spacing and on the bunch repetition frequency

moving direction

detection of beam with wire:

1. change in voltage on wire induced by
secondary emission

2. hard Bremsstrahlung - forward directed v's
which are separated from beam via an applied
magnetic field and converted to e+/e- inthe
vacuum chamber wall and detected with a Tungstn i
Cerenkov counter or PMT (after conversion OSpmip sipping motr s
to v's in front end of detector) I N

3. via detection at 90° (5-rays)

4. using PMTs to detect scattering and electromagnetic showers

(5. via change in tension of wire for beam-tail measurements)

emittance measurement: as for screens (quad scan or 3-monitor method)
Aug 2010

10um
Tungsten wire




#% 4a 1% #o-0) & (wire scanner)

ISsues:
different beam bunch for each data point
ho information on x-y coupling with 1 wire (need 3 wires at common location)
dynamic range: saturation of detectors (PMTs)
single-pulse beam heating
wire thickness (adds in quadrature with beam size)
higher-order modes

o nhormalized gamma signal
—@—ave gamma signal

MW2X _00APRI15_0043

(left) wire scanner R SR ,
) FMW2X ; R—
chamber installed 12 [ Gy =8SHe03um e e
!'n .!.he ATF (KEK) .g] l [ :::4 T.013500 T.on04394%
extraction line — : LS s m—
. = 0.8 [ b, __m_
and (right) example |§ I
wire scan (courtesy g 1 e - S |
H. Hayano, 2003) R e A e T ]
02 fo b e i A ;
61.15 61.20 61.25 61.30 61.35

stage position[mm]
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AR B/ M ELLHENET: AANETRE

B AR Tk Variable Quadrupole Strengths

Multiple Profile Monitors

F Y
v

1
2.
3. The “Pepper-Pot” Technique
4

| |
al l

Quad Profile

5] 3-31 AL A S FE T SR AR ok FEE PR v ) £ Ve

B VA8 AL Sk 22 TAE Q Bk MY B siAl, BE R L, il 3-31
P, WE B sl A3 1 i rms g n] AT Q B A AL A Jil o
HEE JE R A
omwl Ly & p

- )+ L (3-32)

O =i

Cpy =0 g1+

U O Q BkflilE, H ‘
[T/m]/[m] 0T A AR I &
' 57

= k[m™)/[m]=0.2998 5

e/ 3-33 IR .
/] PLOeVE 93 i T A e
Horp ke, g FILT 40000 0 Q BIF S 4Eam s, I B FERIAT AU RE . p i 200142 H
J'ﬁw'ru
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AR B/ MELZELHEMNE: AANET R

Profilest £ A1 &, @ R+ 5EQ@# B AEAGE4LTATH
0 % = a(K-b)*+c

s B ARHQ4OF, METAALHEARBDAT, £AHL
Nt TR A = Fnb, b & #81+A410-154,

VS FE OSSP T g—ﬁf

* AREMNETOHEHRARKGOETENERE, RAKGH
REBBGR TR, AHAEMNEHEAS. SR AED
ARNAEHN, MHGRAZSOOAEESAAY QR R XA
WGRab, X, R LAR KA, RARDYO TN
BB KEIEE G ok AR LR K
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horizontal fitting

A: 255.22

—> B:0.98
C:0.15 Sp,: 5.109

| _: _: _ _ A /2
K (m1) &y =NAL 19

Emittance Fitting Equation ﬂ

Y =(c’)=A(K-B)+C

Beam emittance = 238.3 nm.rad

Aug 2010



ATFRAS MG Ee&an g

A WG RABEF Y R 25 4R A o T OB 23, SRA I s\ B S AR b A o X e A7
WP R B R T SR A R, ERETE AR, 5T, HEZ M
BBIRZE . RIFBBIRE . ATHHRER M, FE550nmi B 2% (8] 0 R R R A H+
ok, @HT— ZAFEPEH LI

X5t £ R A AR R R 3R P BIXST 2688 7, RAFFEBATHES (Fresnel Zone
Plate) . &% (Compound Refractive Lens) . K-BRAESSSFHINEETT
HXTRBHAT A, B TAERKRETIAMTIHRER D, X—HER2 R HE
WERHAKRER, HEARR;

XSt e/ PR B IR R F R R AT P XS e, R /INL BB R BN R 4 3R BT 8
zﬁﬁﬁﬁﬁﬁ AR, FFERFEMER. 5 TERNNR, LIS RS L

A2 W=y = = Y VA v e I S e B (= =) Hardth R ATl D=3 ah B A 23 e LNk 22 /e ANk e 4=
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i F L RAARRE

o #i£ 3k & KB %9 4a F H ¢9Van Cittert-Zernike & 32,
ZFAF 2 xAm, KEK=4/F|17H# +&F 7| K iE4 & & A4
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i F L RAARRE

x R X%Z:};EH x 15
b c
— x4 || |7
JEYR a0 S|
ﬁg [\ETJ EED ;;5/ i

a. VHEKZEREFEAH
b. 550nm- 5%y I8 JE ¢ Fr
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i Fp: KA H

Interference fringe @ SSRF vertical interferometer
I T I

1000 |
o Experimental data ! !
800+ - —Fitting curve e R
2 600—----—------"---- Rt r et es--—-""""-"-"---- B
(n | | o |
c | Y | |
‘9 | ® 4P
£ 400 O I O R I T A R N B N N LT e I ——
| (’,. D & P o B4 ® ,'}“ |
2000 @ b g B T 3V € 20 W & i
\0 'n @ ! ) u’ 0“’, & ':.w D w“ :
SRS & ! SV e &0 o
0 ) SO ; >

0 50 100 150 200

Position (pixel)
n A ; ]
I(y)=a +a,y+ Z fi(4 )as(smc(zo a,(y—a,)) (1+a, COS(IO a,(y—&)))

Hrpat R EHR I BN LA KRR S, a24CRIKICCD I fr B A I 1) 22 521 5 A —

B AL EM RIS IAR R 2, aliE IR Esmifid 10— H AL adsd kgt 5y il

PR TE FEE I — R, ab oy IRAE i IR B H DAL B (WIGRAHAL) a6y A Il i) e

TR, a7 T RgU e — ML a8 T Rgrh O s (WIEEMHALD o fi(A)h
o A YU VR P AU W . BRI AR, AOky s B ENEE v L
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V interferometer:

i H interferomete
Removable mirror

From source point
1677cm

Imaging

ertical Streak camera
Gated camera

-8
L O
T E . .
o < Mirror Half mirror
O
Horizontal H
Lense Double slit
H
o
o
45 55 Streak
Camera

Removable mirror
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24| . SSRF-T R, £, &%

o,

2008.01.03 2008.04.10
80mA, no COD correction 100mA, COD um level
copper cavity copper cavity

2008.10.01 2008.10.27
150mA 86mA
SC cavity, noisy PS SC cavity, noisy PS fixed
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Interfero pattern (2008 10.27, 80mA, 3.5GeV)

i a’sbac{a?fx-ai)’ﬁ*agcosra‘f)r-asjjﬁa?
Baseline adjusted .
1000 Calculated beam size = 70um 1o
Filting curve | " .‘ ] }-
800 | * Measured data| 1 ! o
- . | .' 47|t -.
400} :‘.. it -‘:,...'-,
ag et EULA
200 Ny:,',.;. Y < 7l .#_:.‘ .
ﬁ;‘u-"‘ -~ k“-ﬂ\ﬁ".af
% 50 100 200
X (pixel)
. 2ma > 27D
I0n) = LlsmeC=y)l -l +Hr(eos(Z—= 1, +@)]
1 1

Vertical beamsize = 34.3+0.4um @ 2009.04.16, 202.2mA Horizontal beamsize = 52.1+£0.3um @ 2009.04.16, 190.7mA 110

T T T
<-Horizontal beam size
100-|-=- Vertical beam size T T T T T T T "%;‘é ””””””

100r

Counts
Measured beam size (um)

34 345 - 51 515

‘ ‘ ‘ ‘ ‘ ‘ ‘
. . . . 20 40 60 80 100 120 140 160 180 200
Beam size readings varation (um) Beam size readings varation (um)

Beam current (mA)

Measurement uncertainty um level, system resolution better than 10um
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Xray 4t 3L4a 4u (pinhole camera) :ESRF

« _(Camera Obscura“
description of phenomenon already by Aristoteles (384-322 b.C.) in ,,Problemata*

. Setup (example: ESRJ:!) P Elleaume, C Fortgang, C.Penel and E.Tarazona, J. Synchrotron Rad. 2 (1995) , 208

Boveahle Cu

3 mm Al arienuanar

wardow

ID-25 X-ray
pinhole camera:

Fluorescen

Cw absorber Pinhole scTeCn

pinhole setup
@ DORIS

resolution:

~2
[ O,ps =20 1um ]

200 A G0q a0y 1000 1H0

courtesy of K Scheidt, ESRF
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A

6.19m e 9.25m

—!

LI

) 4
CCD

Source point
C01B2, 0.8°

11

1mm Al Pinhole
window 4D adjustable
20/50um

\ 4

YAG
Screen
400um

Electron distribution in vertical phase space

150- 150-
6100' ~100-
[0 © by
El EREN (
g = o Y
50- 50-
% %

60

Si mirror

{ )

o)
o

SSRF Xray pinhole camera performance test @ [150mA 110mA]

SSRF Xray pinl
T

hole test run, 2009.11.19, [150mA 1
T T B

10mA]
:

I
o
©
o]

Horizontal beam size

~
©
)}

~
©
'S

~
©
[N}

~
o

= =

© ©

N =
ertical beam size (um)

e
©

=
N
o

176>

150
Time (minutes)
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40mm Cu & Smm Fe

Crotch

= 155Wimrad

K Schedt, Proc. of DIPACOS (2005), 238
K Schedt, Proc. of BIWOS (2008), to be published

X-rays
beamline

side-view i.e. in the

vertical plane of the beam:

' Y
cCcD
-"- natrix

1écm

couriesy of K Scheidt, ESEF

€

hard X- rays v

radiation {~1TKe\)

. .
; : CAWO4
crotch croteh 0.5mm
abearber rhambar scintiliator
~40mm Cu Smm Fe

horizontal

50 100 150 200 250

vertical

Al
200

1e0

140

120

100

&0

40

20

size [fwhmum]=11885

100 pibeels 150 200

wourtesy of K Scheide, ESRF
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M 6 Rt/ o7 o] &
longitudinal bunch length /
distribution measurement
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recall: resistive wall gap monitor:

example: R-WGM bunch length measure-
ments at HERA (courtesy E. Vogel, 2004)

! et the wall current, after 10 —{bucket no. 4 10 | bucket no. 4

— T sowid lline M : 8 — Ak Rioe 7| at 920 GeV
conversion to voltage,is __ °~ g %7
. . . 2L 5 g; 5 -
—r | measured with a high 25 ] 2 7
—p [ (] . 3 % 4 — o 4
: : bandwidth (~G6Hz) scope 2£ , ] =
vacuur chamber wall R g @ i 8 2 __
L’\w»w 04 0

| | T | T I T I T T I T I 1 ] T
-10 5 0 5 10 10 -5 0 5 10
time in ns time in ns

with only a single monitor, not all bunches could be simultaneously measured (here ~s, possible: ~ms)

- processing of rf signals for real-time measurements:

example: bunch length
measurements at HERA

L ”TW measurement of in-phase (I)
| i and out-of-phase (Q)
cssivegap . “”“;J;:L‘T;re”“ component of bunch spectrum
monitor 52 MHz Vo 1 .
BT at some frequency yields

; bandwidth sighal amplitude, A(t): ’ o
¥ 39.71 GeV
1 d oo
_i Caeett
signal after ¢ |RF | 52 MHz 1 | 19 A(t) — e 2 % i Bilecnbi 8
bandpass filter "] demodulator 271-0 cz
vgp(t) 2 §.
EE
owpas [ ratio of signals at two 38
fllter . . %
) Q different frequencies b
analysm of band pass . .
‘IOgﬂgicz filter oscillation 9 Slmple SO|U1'|On for‘

(UI ma:r) + rUQ,maJ:

)2

the bunch length o

from frequency mixing
(courtesy E. Vogel 2004)

time in ns
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£ g. & 4adu (Streak camera)

\

principle: photons (generated e.g. by SR, OTR, or from an FEL) are converted
to e- (photocathode) , which are accelerated and deflected using a time-
synchronized, ramped HV electric field; e- signal is amplified (MCP), converted
to v's (phosphor screen) and detected using an imager (e.g. CCD array), which

converts the light into a voltage

I o— .\.I_
Trigger signal Sl Streak image
i QRAoEpoRecioen from Hamamatsu home
ens /R page, C5680 series
IEET S (www.hama-comp.com)
Hc‘éey& 8000 B o= o
Time_-; Space é? Time
FiartlGhE Accelerating elect;ode =l / Phosphor screen S
Photocathode
MCP
issues: energy spread of e- from the photocathode
(time dispersion) | lower limit
space charge effects following the photocathode on resolution
chromatic effects (dt/dE (1)) in windows ~ 0.5 ps

trigger jitter
Aug 2010




REMF: hd oAk

If the longitudinal distribution of electron => Real-time measurement

bunch is Gaussian with an rms length o |
the Fourier component of the nth
harmonic can be expressed as

V (N, ) =2V e/

C)Monitor

3. 75dB/10. 25dB
ATT2

where o, is the revolution frequency o
of particle, V(nw,) the induced
voltage obtained on an ideal beam
pickup and V,, the DC component. P > s .
Thus, the rms bunch length can be = ’ =
obtained by comparing the Fourier o
components as bk s of e b st et st
E | @ =
o = 1 : 2 : anI(nla)o) e e
@, \ (N, —n;) V,(n,m,) _ . ;
o, BT IR
Here, V, and V, are Fourier j5a ’
components at the n;th and n,th T ;
harmonics of the revolution 05 % R
frequency with n2 > nl. Q. Qin*, Z.Y. Guo, 6. Xu, L. Ma, Z. Zhao, NIM A463 (2001) 77-85
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kK0 -g: BFIFHFHFA

principle: use the interferometer to probe the bunch-length dependent

frequency spectrum of the bunch o
Alfoi Electrons spectrum of a monochromatic wave: | by
S(Az) = I(k)(1 + cos kAx) )
L —J —_——
:ﬁgE fixed mirror intensity of path length difference
A . b " incoming radiation between two arms of
; eam splitter o
' sp : finite spectrum: the spectrometer
E N
w - — |& S(Az) — f I(R)(1 + cos kAz) dk
parabolic N\ - 3 . 00
mirror 13 =
—_— | AL — 5+ fo (k) cos kAz dk

interferometer

1o detector interferogram: S(Ax )-S, signal with large Ax

examples: interferograms measured at the Stanford “sunshine facility” (courtesy H. Wiedemann, 2004)

signal FWHM in interferogram
(assuming Gaussian bunches):

2.35

(ﬂ)az

(mV)
5
l
|

N
i

Bolometer Signal (mV)
(3]

=
I
[

® Measurement

Bolometer Signal

o

10 15 ! | \ iSSIIJ€5: i .
Mirror Movement (mm) 25Mirror5kr:ovem;?t (u-r;;) © ong Time averqgmg
water absorption lines
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XK. eIt

Principle: use transverse mode deflecting cavity to "sweep”/kick the beam,

which is then detected using standard profile monitors

(1) Pr'inCiple Of the TMll
/\ l v/\ N transverse mode

deflecting cavity

S Oy
¢ e aaaaruescceos Nl O U e lati
oy fTET I((“ﬁ(m ; introduce x-z correlation

B — 2 Mm— oriented to displace beam
h ——— Ap=60° —— vertically while a horizontal
A A bending magnet deflects the
b B, beam onto the screen

0.35

0.3

GYZ = A(vr'f'\/r‘1",mir1)2 * cYyOZ

0.25-

0.2-

G, = AI/ZEO}LI,.f/ZTCR:}A

fmm~

o

T0.15-

a

0.1

0.05

c, expressed in terms of fit
%0 43 -10 -5 0 é Ib 13 20

parameter, A
(R. Akre, 2003)
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* (/;vu § / WJ %
beam energy / energy spread
measurement
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beam it I:F“L\A\ REE
02998del 0.2998B*L
. L v E(GeV) = =—
" profile deteclor ﬁé%ﬁ[
x’ 2
fa x IQM 7 \‘F O = \/'BXEX (775)
- \ 7 A
7 7
a 5 L ¢ 15 5 4b Beta i Hcke N it
o d ﬂ Jo? o
‘ J—
£ 4p - 5 — VO Préx <= —
n
d e 4 77

22 1R IR A 22 AL
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bk 15 3 A8 o] &

principle: in a storage ring, particles within the bunch perform phase and energy
oscillations (out of phase by 90 deg) about a common reference point defined by
the rf; measurement of the longitudinal distribution may therefore be used to

determine the energy distribution of the bunch

| synchrotron oee (n=0) | Qg
I frequency 003 -
a0 05 2rfs _ bunch T synchrotron
e 2 f ( E) — E a length oor | frequency
o e s measured using
(ref: H. Wiedemann, T_ momentum - FFT of turn
Eq 870) ComPGCTion 0025 = (n=z0) Q by turn data
| P in LEP (courtesy
example: energy spread in PEP-II B-Factory QS A. Miller, 2001)
streak camera data (courtesy A. Fisher, 2004) o /
50 m | LJJ b
] vy=077171 + 1.7414x R"2 = 0.979 U 0.15 a 0.25 0.35

48 -
46 -

44 =

Bunch Length (ps rms)

42 -
40 =

38

20 2.2 2.4 2l(v 28 frev/fs

l/q_s
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Energy Calibration With High Precision

Bending magnet field measurements (Hall Probes): —
For higher precision — Resonant Spin Depolarization

In a flat machine the ideal electron sees B — spin vector precesses
according to Thomas-BMT equation:

;"‘"‘-'[H:H = Wrep VST = Weey - A7
a =452 = 0.00115965(2)
SLS: £ =2.4GeV, w,., = 1042 kHz

— Vg = 5.4465 corresponding 0 W« —gepor = 465/577 kHz
455kHz| |577kHz |

| | |
ow |1 o |
| SQJrev G(Drev

Polarization

Spin-flip synchrotron radiation (only = 10~'! of total radiation power) —

polarization build-up anti-parallel to main bending field:

P(t) = Py(1—e™7) 11,1 Py = Poy

\ . T Tp Td
Pygp = 92.4Y% theoretical maximum for a flat ring

T
Tp+Td

= /A 2 —1 3 B . _
= (k) s @SLS: 7, = 1873 s (7 = 4700)
@LEP: 7, = 360 min (v = 86000)
T4 X (ay )’2 74 % 7, for low-energy machines

How to measure polarization without a polarimeter?
— Touschek lifetime is polarization dependent: o,, = f; — P f»
— Choose filling with high bunch current — 7 is dominated by 7,

— Identify changes in [ - 7, with changes in P

SL —(1-2)-1073

Some RDP Resulfs

U Fit to loss rate scans using

.
T —a ot

Ar

ttx

W Measure «, using RDP scans for

different fge:

j

1+exp{— o

Afrr

AE/E

02 a ¥ as

0.6 a8,
Afgp /gy x 19

relative change in loss rate

=
54
T
L

=
T
L

&
=
T

168 149

17
depolartser frequency [MEz]

W o =(7.39
A Quadratic term:

@ Expectation for linear term:

72 - (o

y

0.01)-10~3

Q2

(4

.

0.2

] - 10

=* highly significant but small

~ Bunch Lengthening & RDP

ANKA

relative change in loss rate

=
1
T

=
5

o0 Lo L L L L L
pL&d 145 1&g L&7 L8 169 1.7

=

depalarisation on E,_,

=
T

depolarisation on 0, side band

depolariser frequency [MHz]

[ The coh./inc ratio is a measure for

U Average coherent/incoherent ratio:

bunch lengthening with current

Qf:ch
QU

= I — Alounen

(1.02 £ 0.03)
=» no significant lengthening

M Depolarisation can also occur on
synchrotron side bands

@ Due to the single particle nature of the
depolarisation process, this happens

v t Qi‘lj:

@ RMS bunch length: o,

at faep /Trev

X

Qin:

an

incoherent Q
8
T

-
2 2
coherent Q

Aug 2010




| ¥
su

-
mae
11 IN\»

x4

Aug 2010



FHAERB N FTLE

o A OEE, @ HA-us
c A efkeqg g, amiiE~ms
. R AA QA F, & ot i~10ns

PIN# =& %, <& & 4 14 < 100ns

[ J
Q

/SI'IEI.D CONNECTION
PIN FC-20D-% /S‘fﬁth SHIELD

-

I

. [SHIELD)

BE5-1 FC-20D-S pZ=EE@MIr—JINEHRALEERAF 2 F o N—

Operating principle

Aug 2010




