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Introduction: Synchrotron Radiation

Synchrotron radiation essential tool:

» energy, environment and climate » information technology
» life science » material science
4 '
experiment
~
éource: BESSY VSR scientific case ’
» Figures of merit: . BESSY VSR

spectrum, intensity, source size, divergence,
temporal and spacial coherence,
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Introduction: From BESSY Il to BESSY VSR

Circumference 240m

Energy E 1.7 GeV
Horizontal emittance ¢, 5nm rad
Total beam current Ipc 300 mA
Harmonic number 400
Mom. comp. factor o 7.3 x 1074
Synchrotron frequency fs 8.0 kHz
RF voltage at 500 MHz 1.5 MV

Effective bunch length (rms) 15 ps
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Introduction: From BESSY Il to B

Circumference 240m
Energy £ 1.7 GeV
Horizontal emittance ¢, 5nmrad
Total beam current Ipc 300 mA
Harmonic number 400
Mom. comp. factor « 7.3 x 1074
Synchrotron frequency f; 8.0 kHz
RF voltage at 500 MHz 1.5 MV
Effective bunch length (rms) 15 ps
RF voltage at 1.5 GHz 20 MV
RF voltage at 1.75 GHz 17 MV

Effective bunch length (rms) 1.7ps
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Introduction: From BESSY Il to BESSY VSR

» Bunch length: 2
3
<
0p X Icsr o< « S
f 14 v/ =4 /o )
500MHz 15MV  0.75MV GHz Time / ns
15GHz  20MV  30MV GHz E— S
1.75GHz 17.1MV  30MV GHz 10l (S)‘hgc:nrlt&b?r;;? h;gﬁ;‘gﬁﬁ?ﬁ gl;c%rEAl?L;r.]?Pr;es
R 10mA, 27ps

75 x 1.8mA, 15ps

I/mA

75 x 1.8mA, 15pg

» short, stable, high intensity bunches
» 300 mA basic operation maintained _ |

|
. . 50 100 150 200 250 300 350 400
» impedance heating / Touschek

bunch number

losses mitigated
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\
Introduction: From BESSY Il to BESSY VS

» Bunch length:

ssssssss

BESSY VSR Technical Design Study
June 2015

http://dx.doi.org/10.5442/R0001

75x 1.8mA, 15ps o “V 75 % 1.8mA, 15p4
» short, stable, high intensity bunches m

» 300 mA basic operation maintained
50 100 150 200 250 300 350

» impedance heating / Touschek bunch number
losses mitigated

500 MHz 1.5M J FECHNICAL

DESIGN STUDY

15GHz  20M e
1.75GHz 17.1
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Introduction: Beam Dynamical Challe

2 x 1.5GHz, 2 x 1.75GHz Focus of this talk: beam - cavity interaction
cavities: » through wake fields / impedance
» 5 cells, SC, high field  bunci 4 Vou (8)

> Ryo/Q = 2500

<= =g = -
bunch 2 bunch 1 bunch 2

» Coupled bunch effects, o ILiotal
1.5 GHz model [A. vélez (HzB), 2015]

Coupled bunch instability (CBI) and stable induced field (beam loading)

M. Ruprecht (HZB), 2nd Annual MT Meeting (F P “Matter and Technologies”), 8-10 March 2016 KIT Campus South, Karlsruhe, Germany




Coupled Bunch Instabilities:

Coupled Bunch Modes

p =0 (“0" mode)
D — Bunch oscnlanon exponential growth
5o " 800 .
@ 600F 1
E 400} .
. W =1 (*n/2” mode) 8 200}

P \\I L 4 on ® Or

f NN 5 -200p \/ '/
- ® -4001 56 503 1

_600 1 N L L
=2 (“n” mode) 0 2 4 6 8 10
7%y N 7%\ t/ms
A // N n
NS/ <o’ grow / damp measurement at the MLS

u =3 (“3n/2" mode)

/\ f\ /\

VRN S - » beam blow up

1SR

/ \
\ (VARG » beam loss

A. Chao: Phys. of Coll. Beam Inst.
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Coupled Bunch Instabilities: Cavity Impedance

10"
10" -

A. Vélez, HZB

Shunt impedance:

o Vabe (r) 2
Q ,r.Qm

Impedance:

Rs,m
14iQ (4 - 2)

f/GHz
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Coupled Bunch Instabilities: Cavity Impedance

10"
10" ) .
10°

. hi”:'(‘iw(rh'('j‘ndbdié- HOMS ]

A. Vélez, HZB :gj 3 ‘ m: 1‘(d|pd|e)HU|V|S ]

Shunt impedance: S N

Rom [V ST T T
X
Q T2m 101

Impedance: % 10t |

b .
Rs,m N q0° B

Z)(w) = — . o |
1+1iQ (j—ﬁ) 10° b

f/GHz
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Coupled Bunch Instabilities: Impedance Thresholds

Longitudinal dipole instability (m = 0):

Damping rates: —— feedback threshold —— HZB 2c coax. coupler
— — rad. damping threshold

» BBFB (BESSY Il )
! =1333s71
> Rad.: 7' = 12557 .
Instability threshold: 2 ‘
1 ; ‘
le | (w, 1) = Tq A4mwsEfe 000 monopole HOMS (m-= 0) ------------------ S
w wrevIDCa 10-1 \ | | \
2.4 2.6 2.8 3.0 3.2
f/GHz

* measured: A. Schélicke et al.,
IPAC2014, TUPRI072
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Coupled Bunch Instabilities: Impedance Thresholds

Longitudinal dipole instability (m = 0):

Damping rates: —— feedback threshold —— HZB 2c coax. coupler
— — rad. damping threshold
» BBFB (BESSY Il )
! =1333s71
» Rad.: T\I_l =125s"1

RZ) /0

Instability threshold:
Td__l drwsE /e

10° --------- monopole HOMS (m= 0

I _
Z(’d)_wwlpca : :
rev 10-1 I | L L
2.4 2.6 2.8 3.0 3.2
f/GHz

* measured: A. Schélicke et al.,
IPAC2014, TUPRI072
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Coupled Bunch Instabilities: Impedance Thresholds

Longitudinal dipole instability (m = 0):

Damping rates: —— feedback threshold —— HZB 2c coax. coupler
N il rad. damping threshold
10 T T T T T T T T T T
> : T SPTRINETS
B_BlFB (BESS_T Il meas ) otf L S PMS* ______ L] 10° _growthrate ______ * -]
Ty, = 1333s g P (tracking sim.) :
_ 107 oot RS : 5 5 5 E
» Rad.: 7! = 125571 5 S 10° R
I S 107 T, ]
. N 195 : : : ; :
Instability threshold: B NP Y N I § R
-1 10° i i I A o
I 1, Tq AmwsEle A R
Zth(w77_d ) - 10 : : : JL : 1 : : :
w WrevIDCa 10t T I I f I B S S S T
1.42 1.44 1.46 1.48 1.50 1.52 1.42 144 1.46 1.48 1.50 1.52
f/GHz f/GHz

HZB 2c coax. coupler
r Y YN A
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Coupled Bunch Instabilities: Impedance Thresholds

Longitudinal dipole instability (m = 0):

Damping rates: — feedback t.hreshold —— HZB 2c coax. coupler
BBFB (BESSY Il 10 e e —
> Bl ( >Y meas.) ol S PMs ______ 1 olorowthrate &
Tty :13335 1 ol (tracking sim.)
> Rad TH = 1255 :Q 1wl (... -
Instability threshold: 2 ol o v e i | )
A o1y TaAmwBfe | o f | foverestimated! N S
(e 7q ) = W wevIDC i Q >1x10°% | probably managehble

-1 T T -
1.42 1.44 1.46 1.4 RS,O/Q < 0.1€)| 1.44 1.46 1.48 1.50 1.52
f/GHz f/GHz

M. Ruprecht (HZB), 2nd Annual MT ing (F Prog “Matter and Technologies”), 8-10 March 2016 KIT Campus South, Karlsruhe, Germany 10



Coupled Bunch Instabilities: Impedance Thresholds

Transverse dipole instability (m = 1):

Instability threshold:
_Td__l ArE /e
/8 wrevIDC

Zy(rih)

Damping rates:

» BBFB 75! = 4000571

» Rad.: Tu—l =625
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—— feedback threshold —— HZB 2c coax. coupler
— — rad. damping threshold
8 T T T T T T T
10° f oot S R LR SERERERR P
107 : 1
s 106 ..............................................................................
g 10z ....... -
S0 e NS A'EEREEE EERLEES 7Rty SRRERREE:
2 10° R R N
102 i e e . '
o b - dipole HOMs (m = 1)
100 1 i 1 1 1 1 1
1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
f/GHz

— close to threshold but probably manageable
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Coupled Bunch Instabilities: Impedance Thresholds

Transverse quadrupole instability (m = 2):

—1 + Mo wrevIDC 1
T (M)  ———RZ5 (w + 2w 1
( 2) 9 47rE/e B 2 ( beam 6) ( )
Quadrupole moment: My = (22 — ?) * obtained from tracking
o 14
Instability threshold: . S thresholds:
_ 107 T T T T — M, =210 m? 77 =62.557"
n 1 N 2 73 ! 47TE/6 107 B 1= = M, =25x10"m® 77! =4000s"!
Z2 th(Td 7M2) ~ 1 : -6 2 71,d -1
’ M2 B wreVIDC 2107 e = M, =10"m? 7;! =62.5s
c:E 100 g [ Tt =5 X103 m,7; 1 =4000s !
, = b
» Damping rate: ¥ —— HZB 2c coax. coupler
-1 —1 & 107 oo bl
T, OF T Wl W
» 4 realistic (but extreme) 10° - quadrdoote HOMS!
H 5 { L I I
scenarios 10 2.4 2.5 2.6 2.7 2.8 2.9
f/GHz
— low risk
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Transient Beam Loading: Motivation at BESSY VSR

BESSY VSR: Influence on 3 cavity setup?

40
—— 500 MHz
— 1.5GHz
20 —— 1.75 GHz
Z y — Sum
N
—-20}+
—40
0
high current } ' ) o
high current slicing bunches
10+ gg?n'}\bll";;: long bunch 3 x 5mA, 3.7ps 3
3 5% 1.8mA, 15ps UM 2T oo A, 15p]
= 1l
|
0.1 I
0 50 100 150 200 250 300 350 400

bunch number
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Transient Beam Loading: Situation at BESSY Il

BESSY Il with 3rd harm. Landau cavities

Effects:
» Phase transient (mostly
harmless)
» Variation of bunch length
(undesired reduction)

M. Ruprecht (HZB), 2nd Annual MT

£
<
asurement
N
ja=}
S
«Z
50 100 150 200 250 300 350 400

bunch number
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Transient Beam Loading: Situation at BESSY Il

BESSY Il with 3rd harm. Landau cavities

Effects:
» Phase transient (mostly
harmless)
» Variation of bunch length
(undesired reduction)
Calculation:
» Directly from fill pattern:
Vi = MF L 2F ikl - Z) (@)

bbb M o measurement
T calc. (non-it.)
°| ¢ tracking (own code)

s 6.0 : Pxe
. . . as} g o B, N« elegant v29.0.2
» Tracking / iterative methods: <550 - : B
5.0} i

— closes the loop : : : : o 3
100 150 200 250 300 350 400
bunch number
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Transient Beam Loading: BESSY VSR Tracking Simulations

Tracking simulation:

500 MHz 1.5GHz

Vet 1.5MV 20 MV

d)set 0 0
R.0/Q 4600 500
Q 26700 5 x 107

Afy —45kHz  —11.3kHz

» Baseline fill pattern
» All cavities active
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10.0F l ........ l ........ l ........ l ....... l ........ l ........ l ....... B short
1.75GHz : : : : : : : N long
i 1.0k 1 I
rresve= LU IDERCERERE | IETEFREELEAE
180 o 3 '
500 ©2 T, f P 2 P ! —— 500 MHz
5x107 = I — — 1.5GHz
= —— 1.75GH
15.3kHz = z
<4
: —— 500 MHz
0.5 — 15GHz
1.0 —— 1.75GHz
15 B B . B
_20 L L L L

I I
0 100 200 300 400 500 600 700 800
t/ns
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Transient Beam Loading: BESSY VSR Tracki

Tracking simulation:

10.0 L BE— L L E—— LS L E— LA
500MHz  1.5GHz  1.75GHz _ T T T | it
g 1.0~ J M I
R RO N I |11 11111 (11111
Dset 0 0 180 0.1 i ‘ |
Rs0/Q 4609 50082 5000 T : R NPT N —— 500 MHz
Q 26700  5x 107  5x107 2 2 \ampiitude: smalleffest | s cn
Afy —45kHz —11.3kHz 15.3kHz § VVVVVVVVVVVVVVV e T X N\ || —— 1.75GHz
. . a Il Il Il Il Il Il
» Baseline fill pattern ‘
- . e e —— 500 MHz
» All cavities active 0.5\ ST RN e — 15GHz
N 1o \__—ptEse: importantl) |l 175cHe
» AV small: all cavities near -2.0 I I I i x i i
0 100 200 300 400 500 600 700 800

zero crossing

» ¢ small but important!
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Transient Beam Loading: BESSY VSR Tracking Simulations

10.0F L | — T | S— LA | PE—
» short bunches robust / long - ey W short
oy ! ] i i ] i i s long
SO = L1 ICREEORERRE | JREMERLR
» phase transient similar to o1 i ‘ ] *
. . é 0 : : : : long
» large variation in synch. 3 _30
frequency / bunch length ~60
» increased Touschek 5 12-2 g
I . C _
losses! i 70 : . ) 3
55k ... g : ; .J145 g
0 90 100 [150 200 250 300 350 |400 N
bunch number
0.4
L 0.2 " |— 500 MHz
s 00 ‘ 35 U | B - |— 150Hz
= -0.2 —+ :‘ : 7 il —— 1.75 GHz
0450 50 250 0 50 50 0 50 |——_Sum

t/ps t/ps t/ps
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Transient Beam Loading: BESSY VSR Tracking

» short bunches robust / long
bunches sensitive

» phase transient similar to

BESSY I

» large variation in synch.
frequency / bunch length

» increased Touschek

losses!
> EIongatlon I|m|ted
11
- “
. 1.0k -~ B
%097 &
S osf
average b. "
0.7
17.0 175 18‘0
V/MV
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10.0F l ......... l ......... ll ........ l .......... l ......... l ......... [
< i i : ; i ; ; = long
0 A |
0.1 i i
60 T T T T T T
. 30 short
B long
< _30}
—60
. 10.0f ‘;c:
= 85| S
= 7.0 3
5.51 ‘ ; =
0 30 100 150 200 250 300 350 400 N
bunch number
bunch
AFr3z A 500 MHz
JE= 1.5 GHz
: S 7 SYPSY R ! : 1.75 GHZ
50 0 50 -50 0 50 -50 0 50 Sum
t/ps t/ps t/ps
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Summary / Outlook

BESSY VSR TDS

» Coupled Bunch Instability:

» comparison cavity designs
» HZB cavity model promising

» Transient Beam Loading
» strong effect on long bunch

JECHNICAL
DESIGN STUDY

» Open questions: 7 e
» Impedance of 4-cavity structure, 1.75 GHz cavity 10.5442/R0001
» Alternative fill pattern (reduce transient b.l.), Touschek lifetime
optimization
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