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Bunch-by-bunch study overview
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WM ~ Why bunch-by-bunch diagnostics

For the construction and operation of the machine

Basic requirements for diagnostics:

e Toolkit to monitor beam parameters for machine operation

e Toolkit for machine study
 Complete other measurement requirements demanded by physicists

Not just “follow the orders to be a soldier”

Play a more active role in the accelerator

e The distribution of high energy particles in the three-dimensional space
e The distribution evolution over time

Derive all other parameters from the above measurements

For bunching beam

Bunch-by-bunch diagnostics
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W o What bunch-by-bunch

In the simplest case

Assume: . Bunching beam

e Gaussian distribution in the three-dimensional space

Six spatial parameters Charge __ anindependent
(x, v, 2, ox, oy, o2) + (Q) - bunch

6-dimensional bunch-by-bunch diagnostic system
2018/9/13 IBIC2018 5
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Stable beam parameter
monitoring during user
operation mode

Unstable beam parameter
monitoring during user
operation mode

Machine study tool

Injection transient process
study

2018/9/13

Online monitoring of stable beam parameters of
each bunch such as length, size and charge
Results can be used to optimize the operation mode

Transient process capture and further analysis of
instability (amplitude, size, phase)
Instability prediction (long-term data)

Much easier to do experimental research of wake
field and impedance

Evaluate injection process performance and
optimize injection system (repeatability, disturbance)
Evaluate the injector performance and optimize the
injector parameter

Obtain dynamic parameters of the storage ring,
optimize storage ring operating parameters, and
alert abnormal status

IBIC2018 6



M How bunch-by-bunch diagnostics

0 - A. - .'. . '. O o.-

* Limited by the bandwidth of the signal
SR * Most ideal signal processing system

light |° Contains all beam information * Not convenient for online extraction of
longitudinal information

Button | * Easy to capture and condition signal | * Unable to get transverse size information

SSRF solutions:
» SR light (x, y, ox, oy) + Button (x, y, z, 0z)
» Associate the data by twiss parameters

Signal conditioning, acquisition system 6D information extraction methods

* Multi-channel simultaneous sampling * Transverse position: delta/sum (A7)

(> 4 (x y)+2 (@+2 (02+AX2 (xoy) = 16 channels) | Transverse size: Gaussian fitting |
- Sampling frequency >= RF (500MHz@SSRF) . Long!tud!nal phase: zero-crossing detection
. Analog bandwidth >=RF/2 (>500MHz@SSRF, * Longitudinal length: two-frequency

reduce overlap between bunches) method

1111

More methods are exploring......
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Roadmap

2012-2015 2013-2016 2014-2017 2015-2017 2017-present

L] L] o [ ] 6D
Transverse Longitudinal Transverse Longitudinal
.. . Synchronous
position length size phase .
sampling
Oscilloscope Oscilloscope Oscilloscope Oscilloscope DAQ
Transverse position (x,y) Longitudinal length (oz)

Itotal sample = 1300
STD = 1.1ps

Button pickups + Two-frequency system

Button pickups + A&2 algorithm 6-dimensional  Resolution 0.5ps (LW, Duan, NST, 2017)
Resolution < 10um (Y.B. Leng, IPAC15)
bunch-by-bunch

Transverse size(ox, oy) diagnostic system

Longitudinal phase (z)

—stroed bunch
—refilled bunch

500 1000 1500 2000 2500 -®
turn index >

+ measurement uneertainty = 1.1ps ‘
27

i %00 290 280
0 500 1000 1500 2000 2500 3000 3500 vhase of bunch #300 los1
Tumn index

SR light + PMT array + Gaussian fitting algorith Button pickups + Zero-crossing detection
(H.J Chen, NST, 2018) Resolution < 2ps (Y.M. Zhou, IPAC17)
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System setup & performance
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6D Bunch-by-Bunch diagnostic system
_‘WWVW"W“‘ - - .

Synchromzatlon. relies on the same clock and trigger

Shielding wall

Beam  Transverse
> 208 - position |

| Timing System |
! |
I 2Hz Trigger i . BW: 1.2GHz
: I Phase shifter 1GSPS/channel
| 694kHz Sync. || Multiplier %@ - 10bits
| 1 ; )
CTTTT- - ———— -; ———————————— l:ongltudmal Iengthl
I 1 /X/ BPF |
| 1 I .
| 0 (T . . | IS N
I i :lerljfg © | Longitudinall | | 500MH A SOOMHz :
I F7 | P8 P10 P11 (©°_© | Mixer 2.5GHz | Timing
| III | l phase | : pis i = clock | module |
i ; ase shifter I
| Sl.gl.lal. | I sphltter I : g/j ~_| BPF 1
I Conditioning! | . | ot [
P16 N o pis 1| splitter : o
: e = )
: Signal I |
| Conditioning PMT
I PL / .I
: Vertical Horitontal
|
|
|
|

I

I

I

: I I

Optical I

imaging system I

I

: Transverse size !
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Beam transverse position subsystem

y
' -

Phase shifter2: )
BW DC-4.3GHz
Phase adjustment of the clock signal

| To ensure the peak of signal sampled)

Multiplier module: )
® The clock signal is multiplied
to 1GHz,

To facilitate the use of ADQ)

—— oy — o e e e e e e e e e e e e

T |
 Timing System | ! ADQ14 Digitizer » !
! ! I ] ’1—1‘7'_4 :

I 2Hz Trigger 1 | .
: - [N TRIG | SR |
: T i [PXI box

| 694kHz Sync. - Multipher @ - 99936MHz" * |CLK | #iTg |
__________ Phase shifter : ’ : g - :
BW DC-4.3GHE " BW: 1.2GHz
: | ’ 1@ |C 1GSPS/channel !
! || 1® |D 10bits '

Button A /\ /((

Fhase shifter i

rall

Shielding v

Button pickup
B Phase shifterl:
eam

\/ - - o & Ensure phase coherence

~| 2ns |« Qf the pickup signals /
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M Transverse position data processing (x,y)

ﬁ\/lethods: \

A 2 B
Y J g
. b \ . .Z!- \_.\
i a »
..,.4'.:?.'1{22_\
|
|
= T
Vs " 4
Klie:

Cross section of button-type BPM

=

Probe part

Beam Button BPM

Electronic part

Signal Signal phase .
Acquisition adjustment Signal pickup
Analysis part

Data Peak Position
Optimization sampling calculation /

/ Algorithm:

Delta/sum algorithm (A/)))

~

/I.imitations: \

» System error introduced by sampling
phase drift

Button A /\

Button B /\\/

=@ VD4V, @) = V) + V(1))

V.@)+V,()+V, @)+ V()
_N\. VO +V,0) =V () +V, (1)

\ Vi) +V,(0)+ V() +V(0)

Constant:

k,=19.1
k, =13.4

/

2018/9/13

=

S0 —————

—— horizontal, Iix =19.1mm, STD =59 um
——-vertical, K‘_ =13.4mm, STD = 40pm
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N Performance evaluation (x, y)

* Data collected during daily operation, 230mA, uniform filling

* PCA method used to evaluate measurement uncertainty of transverse position

 Two modes above noise floor stand for synchrotron oscillation coupled by
dispersion

 Amplitude of noise floor identified the system resolution

* Position resolution better than 10um with 0.6 nC bunch charge

S
o
s}

@30 [ - 1
0015 s + horizontal
2 -~ . o vertical
7‘5;0001 3\25 = .
0.005 fav]
0 O090000900oooooooooooooooooooooooooooo g 20 78 +++ ]
0 5 10 15 20 25 30 35 40 Q +
mode index a +
= % +
+
215 % : ]
20 Q o o +
<L +* 4
= 510 ® oo oo i
"% 0N Oo o° o©
2! < °g +
: g \ ! ! 1 T oe®, ©
)
DR sttt b 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0 0.02 0.04 0.06 0.08 0.1
normalized frequency bunCh Charge (HC)

Measurement uncertainty of transverse position
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M Beam longitudinal phase subsystem

| Timing System |
|
: 2Hz Trigger
I
|
1

1
1
1
1
694kHz Sync. —+ Multiplier @
1

Phase
BW

Phase shifter:

Ensure the zero-crossing

\point of the sampled signals /

|

v

S
S
N

2018/9/13

BW: 1.2GHz
1GSPS/channe

S
: ADQ14 Digitizer s
1] ’
: NI TRIG
1 ' PXI box
I 999.36MHz CLK
. 1 " e |A
ifter o |B
-4.3GHY Je |C
: [ » @ D

| Delay lines: (T=100ps)
Ensure sampling with

Power splitter

( Button pickula

- > o &
-| 2ns |«

BW 1-1000MHz

Shielding wall

Beam

—_—)

the same time interval

N /

Power splitter:

\BW 1-1000MHz

IBIC2018 14



M Longitudinal phase data processing (z)
. . ﬁ/lethods: \

BY J "3:;%/3 Probe part

f“’\ AW

W Y
| ],----*’“:@23‘-, Beam Button BPM

B | &£y
‘& pod Electronic part. . . . 'L
O y
R A,
Slg.n-a! -
Acquisition

Cross section of button-type BPM

Analysis part

Data Rising-edge Phase
\ Optimization sampling calculation /
/ Algorithm: \ /Limitations: \

. . Phase difference
Zero-crossing detection algorithm

(t (1)’ Algorithm is not

it Gasion signal :< Q
153 ](t) = \/_—0 exp(_ )

2ro 207 . A applicable when
_ W/ the longitudinal

o

Button pickup signal
= ]
'—-*__G_\“v
°

058 2
V() = : 0 offset is too large
v » 12 2 -0.1  -0.05 0 0.05 0.1

0 YT . e 325 27‘[19 ﬁ C o) Time [ns]

\ I(t) - F(6,0) / /
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M' Performance evaluation (z)

* Data collected during daily operation, 230mA, uniform filling

* PCA method used to evaluate measurement uncertainty of longitudinal phase
 Two modes above noise floor stand for synchrotron oscillation

 Amplitude of noise floor identified the system resolution

* Phase resolution better than 0.8ps with 0.6 nC bunch charge

25F /(‘n\ 1 .4
ER 2
s B °
S1.5F
= = (-] |
2l = 1.2
@ o p—
0.5F . g o
00 0o :; 0oo olooo 00 o]:;;y - zmsn 3mo 03@5 4m0 8 1 > ° o |
mode index (wn) ° o
=
£0.8 h
25 |
] P o
20 - 0o
3! =0.6 7
2 &
£ O
| L. Fos | | |
02 03 0.4 0.5 0.2 0.3 04 0.5 0.6 0.7 0.8
normalized frequency
bunch charge (nC)

Measurement uncertainty of longitudinal phase
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Beam transverse size subsystem

'

s . T r--T-T-T=T-T=T7T=7 T 7 === 1
, Timing System | ! ADQ14 Digitizer « I
! I I T .
! i 21 .

| 2Hz Trigger : : NI TRIG R 1
! ! — i [PXI box |
: 694kHz Sync. : Multlpller @ I 999 36MHzZ | CLK . 8 .. :
__________ Phase shifter : | ® g *’ :
BW DC-4.3GHg ne o BW: 1.2GHz
: ° 1GSPS/channel |
| PTI PS‘ P10| P1L s o |D 10bits !

i Sl el o

Signal
Conditioning

PMT array detector:
16 channels

yV U WS
N

iy

Pl““f"‘\‘f‘i‘] P16

PMT

/

SLUUULLLL L LS

\Hamamatsu H10515Iy

Optical

/ imaging system

HA
HIGH SPE
N 05594
50K-1.56H2 3808
GND +15Y

TR

Signal Front-end Amplifier:
Pickup board: BW 50k-1.5GHz
Convert plug pins  Gain 36dB

to SMA connector

/

/ Path 1: interferometer system Path 2: PMT system Optical imaging system:\
= ——— I Tcocamera . .
SSRF Storage Ring | Heorizontal |pterferometer | o T:-TJI':‘I‘?‘Z: Pathl fOf‘ System PSF Ca||brat|0n
I | I PMTT Path2 for bunch-by-bunch size
- [ I I ™ tens2 : measurement
3 I I I : (f=14mm) . .
3 o * Focus on horizontal size
I | 1 3, 218.5 cm
< e g - : 1) measurement
Biephregm (f2m) * Be mirror deformed in the
\ ) 1553 em "t 2491 cm i vertical direction.

2018/9/13
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Transverse size data processing (ox,0y)

Optical part

Optical direct imaging
system
: Electronic part

Signal
Acquisitia -

Analysis part

Data

e s E—

Gaussian

Photomultiplier arr.
detector

Size

Fitting

K Optimization

Normalization /

/ Algorithm:

Gaussian fitting method

~

Bunch pos:tlon

004
002
0

25 2 s K

‘‘‘‘ (x—@2

y @ e
- Center intensity ,

Bunch size /

2018/9/13

New calculation algorithm - Fast
Delta/sum algorithm (A/))

Centroid = ((A+B)

Size = ((B+C) —

—-(c+D)) / ¥

(A+D)) / >

A good upgrade direction & need
to be verified next step

____________________________________________

A B C D i

Limitations: A
e Only four sampling points
are not suitable for non-
\_ Gaussian distribution. )
IBIC2018 18



M Performance evaluation (ox,ovy)

140

—bunch #1 2.5
""" bunch #401

._.
)
=

|
£ o

._.
o
=

o0
S

bunch size (Lm)
D
x, o

N
S

S0 100 200 300 400 500 600
bucket index

[\*]
()

500 1000 1500 2000

0
turn index Standard deviation of 500 samples
Transverse size oscillation of different bunches
15 T T T T T T T T T
15 —bunch #1 » Good enough to capture transverse
| bunch #101 . . . .
~ 10 - bunch #201 size oscillation of different bunches
= 10F ] . - .
S 10 5 —bunch #301 during injection
= . ..
= N\ . bunch #4011 Spectrum showed size variation
A= 0.22 0.23 0.24 . .
S 5 ] contributed by multi sources
N e S » Standard deviation of 500 samples
! | l ' (measuring constant bunch size)
O " A-Ak vl A‘ L A ory L oot
0.05 0.1 015 02 025 03 035 04 045 <2um

normalized frequency
Spectrum of different bunches

2018/9/13 IBIC2018 19



M Beam longitudinal length subsystem

ot Fr————— === - - - = === I
) Timing System ! ADQ14 Digitizer !
I 1 !
| 2Hz Trigger : : lNI ;I :
| ] A
. ! — | [PXI box :
I | 694kHz Sync. + Multiplier | | 999.36MHz *| © |
I I .
I I Phase shifter : : B :
| 694kHz Sync. BW DC-4.3GHx c BW: 1.2GHz
| I ! i : D lGSP?K'ﬁannel ! p= \
--------- . "Miras.
Tlmlng B i el e I—OEIE ————— ! {”m' $
\module | "@ i
NS BPF :
BPF f\/\d
500MH

2.5GHz LO signal
Generated from a programmable

Qiming module EVAL—ADF4351/

Band-pass filter:
Center Frequency: 500MHz

Bandwidth: 310-680MHz

2018/9/13

Pha

£ shifter ‘

Mixer: 6-th signal (3GHz)

To output an intermediate
@quency of 500MHz

/

Band-pass filter:

kBandWidth: 2700-3100M HB

IBIC2018 20



Longitudinal length data processing (02)
s - B

[\
=)

—_
W
T

D

amplitude [a.u.]
>

(e} )]
e
N
—_

| L

1 2 3 4 5 6 7
frejyency [GHz]

=)

Beam Spectrum at storage ring of SSRF

/ Algorithm: No theoretical analytic \

solution for K1 and K2
Two-frequency method

The two coefficients can be

calibrated by Streak Camera
Due to two channels

transfer function difference and limited bandwidth

e B—— )
0= mzzwoz—mlzwoz V2

Choose
m1=1 and m2=6
(about 500 MHz and 3 GHz)

/ Methods:

Enough signal amplitude
RF component limitation

as working frequencies

=

-0

—_
<
a

\
e

= Oexperiment
Sy - lincapfisies )o”o/
O -
e v @ X @ -’—O‘
=] el
£ 1.1 —.0--
O
o K1 . *K2
108
g e
=
151
=
Qo

| 1
1 1.5 2 2.5 5 5.5 6

%Casur‘:?.:iij\fl/\é
Two-frequency system coefficient
calibration by Steak Camera

p
m,, mq, Wg are V1/V2 is measured from
L theoretically knowable

Limitations:

Only two frequency points are also not
suitable for non-Gaussian distribution

two-frequency system /
2018/9/13
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M Performance evaluation (o0z)

| Ostored i)eam i

Z % during beam loss P Bunch length has been measured

524" :gg;ztgg;“gég e o 1 in very large dynamic range

B ,

= ool e 1 30pC to 6nC

g s ®-- Y2 = 1.15£0.04X + 18.9+0.1 (30p )

g

§ 20 o™ ] Results of small charge

é 8 o s erg a5303X ] accidentally obtained by moving
the scraper toward beam center

160 1 5 6

3 4
bunch charge [nC]

28 w
Ostreak camera

- Ufrequency domain method s 4

|\
)

21 T T T T T
Moving scraper toward beam center

Beam loss continuously

[\

*

B
|

20-

B
m®

measured bunch length [ps]
N

B
£ 19 7
%0 20 il
2
g 18" 1 8 |
la

17- 1 16, 1 3 4 6 7

bunch charge [nC]
16 0.1 0.2 03 0.4 0.5 Bunch length measurement with stored single
bunch charge [nC] bunch beam

Bunch length shortening during beam | .
vnch 1ENgEn SoTLENIng auring beam foss New method agreed with Streak Camera very well
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M o Charge (Q)

Charge information acquisition:

» All subsystems can get bunch charge

Charge (Q) is in Gaussian distribution » The results are consistent with each

other

I(t) = exp(— )
\/ To
* Get the peak value of the BPM 5|gnal or SR signal . “on
1E|---phase
Viear = Ko + Qo g
1 &
Ky, = koZ 506
¢ 0 27'[ O'2 20.4—

Ky is calibrated with DCCT readings in single bunch operation

200 300 400 500 600 700
bucket index

Mafter injection -

refilled bunch BWbefore injection

418 -425

o
)

Refilled charge acquisition:

o

bunch charge [nC]
o

Refilled . Chargeafter _ Charge before 0.2
charge ~ injection injection

100 200 300 400 500 600
bunch index

Bunch charge before and after injection

o S BEREBILIIIIAIEE

700




Injection transient study: Data analysis method
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AW\NV\MMM ~ Why injection transient study

[l Change machine parameters

compare the measured value

with the expected value
(Ideal experiment for beam instability study,
Require dedicated machine study time)

e Betatron Damping oscillation

* Synchrotron Damping oscillation

1 Injection transient process

separate stored bunch and
refilled bunch

(frequently observe in the user operation
mode at SSRF)

< mismatch of kickers, also injector and storage ring

< mismatch of injector and storage ring

Refllled Stored
bunch ~— bunch

= =

* Refilled charge / Qr

* Betatron amplitude / Ar

» Synchrotron amplitude / zm

» Synchrotron damping time / t

 [Initial position in phase space / @o
2018/9/13

» Stored charge / Qs

* Transverse tune / vx, vy

* Betatron amplitude / As

* Betatron damping time / Lx

IBIC2018 25



W" o Challenges

‘ Separation of stored charge and refilled charge

(Refilled bunch parameter acquisition )

=1 = = el 1d a0y | Adjacent bunch position + charge-weighted averaging

Lol it EL R o B Adjacent bunch phase + charge-weighted averaging

* Four sampling points are not enough to obtain the

Transverse size ] )
refilled bunch size.

* Two frequency points are not enough to obtain the
refilled bunch length.

Longitudinal length

» Bunch length of the stored charge is unchanged
during the injection process.

wzmmm) (x, y, 2, ox)
- 2 REBRBIUIIILIRLIEERE
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Refilled bunch longitudinal phase extraction

A\ A o o o

turn #1

SAVR

----- stored bunch
----- refilled bunch
—comblned bunch

Charge-weighted averaging + Zero-crossing detection

Vin=Vs+V,

Qm = Qs + Q-

p—— 21 7
V=V,

Signal fusion model with different
phase of the refilled bunch

2018/9/13

Refilled bunch phase
Extraction Formula:

Qs

Qr

t, = [m(1+—)—t]

Q:

Q,: Obtained from the averaged charge of stored bunches

Refilled charge
acquisition:

Q-

—  Charge after
injection

Charge before
injection

t,,: Measured phase by zero-crossing detection method

Stored phase
acquisition:

t; = Mean( Phase after  Phase before )
injection injection
IBIC2018 27
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M Refilled bunch transverse position extraction

Charge-weighted averaging +4/2 algorithm

Vin =Vs+V; Qm = Qs +0Qr = —

Refilled bunch position
Extraction Formula:

QS QT
X, == [Xnl1+="]-X
= et (14) - X

Q,: Obtained from the averaged charge of stored bunches

Refilled charge Q — Charge after _ Charge before
acquisition: r injection injection

X,,: Measured position by 4/ algorithm

X,: Stored bunch position obtained by interpolation of neighbor bunches

2018/9/13 IBIC2018 28



Injection transient study:

A typical injection event
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M Raw data of injection capturing

4
05 x 10
- Channel 1
0 hannel 2 g
Channel 3§
-0.5 - ha

-2.5
) Slightly amplitude increase
trigger 5 10 15
%107

Raw data of transverse position
from Button BPM

800

Negative peak of each channel

2018/9/13

Unable to see amplitude variation
8000

Channel 1

6000 —Channel 2

Channel 3§

4000 ‘ 1 Channel 4
2000
0
-2000
-4000
-6000

0 5 10 15

x10°

Raw data of longitudinal phase
from Button BPM

6000
4000 |
2000 ),

ok

-2000

-4000

6000 L . L . L
0 100 200 300 400 500 600 700 800

Around the zero-crossing point

aotrigger

~Channel 1

—Channel 2
0.5 ’ » Channel 3
e L L Channel 4

e

Different from the BPM data

0 5 10 15
Raw data of transverse sizé
from SR light

4000 ‘P
o Wl i | “”‘y‘ “ l‘ u il ‘n“H‘\‘l‘
“ ‘ it
2000 u:v ! “N M\ ] . L\‘ il

-4000 ‘

6000 . . . . . . . ‘
0 100 200 300 400 500 600 700 800

Negative peak of each channel
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M Refilled bunch: transverse position

15

[—refilled bunch
—stored bunch |

p—
=

N

bunch position (mm)

bunch position (mm)
S

3 ‘ ‘ ‘ ‘ -5
0 500 . u1 I‘(I)IOI(I)I dex 1500 2000
Measured combined bunch position (Xm) -10¢ i
3 _15 ! ! : T : I
0 500 1000 1500 2000
turn index

Refilled bunch position (Xr)

bunch position (mm)

& O
X =2 1+Z)-x
=g i)

0 500 1000 1500 2000
turn index

Injector performance evaluation:

Stored bunch position (Xs) Peak to peak value of refilled bunch position
indicates the transverse mismatch between
injector and storage ring
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M ‘Refilled bunch: longitudinal position

140 ‘ ‘ ‘ ‘ 200

[S—
S
=

bunch phase (ps)

1201

bunch phase (ps)
o

0 500 1000 1500 2000
turn index

—
S
=

Measured combined bunch phase (tm)

0 500 1000 1500 2000

135 turn index

—
(O8]
(=)

Refilled bunch phase (tr)

@) O
t ==(t (1+=)—t
g Q(m(+g) )

bunch phase (ps)
o
(9,

_
)
=2

—
—
OUI

500 1000 1500 2000
turn index

Injector performance evaluation:

Oscillation amplitude of refilled bunch phase
indicates the longitudinal mismatch between
injector and storage ring

2018/9/13 IBIC2018 32
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M ‘Refilled bunch: Synchrotron damping

Longitudinal phase fitting method is used to

study the synchrotron damping oscillation. Storage Ring performance evaluation:
. L » Synchrotron damping time can be
Zg = In(wt + ‘e . .
d @S ( —®\ retrieved from the refilled bunch
4 N Damping time phase oscillation.
Maximum oscillation ' Initial phase 1 . . .
amplitude o = » A flag to monitor longitudinal

T

: dynamic behavior of storage ring.
— @ 2

Synchrotron frequency (~0.0072)

200 :
—envlope fitting curve * measured phase
:. --refilled bunch —cxpected phase
100 i ; . ‘ --stored bunch
— The fitting results
%‘ ; agreed with the
E measured results |°
[a )
. o ae .| ,very well.
-100 : Maximum oscillation amplitude y
100ps~160ps
200 J ‘ ¥ 1'11(0.046*t+4.356)*exp(
0 500 1000 1500 2 C'c . .
Turn Index amping time
2.5ms~3ms

Fitting results of the refilled bunch
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A & 4

I PCA modes separation

singular value [mm]

<

04

=~ petatron oscillation

o
98]

e
38}

1st order wake oscillation
/

o 2nd order wake oscillation

“ 3th order wake oscillation

[=]
[=]

100 200 300

mode index

400 500

Singular values of different modes

oscillation amplitude [mm]

0 200

400
bunch index

Betatron amplitude
of each bunch

600 800

2018/9/13

0.1

0.05

-0.05

-0.1
[

horizontal position [mm]

0 500

horizontal position PCA

- " 0.05
—mode-1

0
-0.05

Stored bunches : transverse position

Betatron oscillation
introduced by :

-0.1

500 1000 1500 2000 0 500

1000

15

00

‘ —mode-4

mismatch of kicker
field (typical damping
oscillation)

*  Wake-field effects

2000 L

1000 1500 2000 0 500

The first four principal components of

1000

the oscillation after injection

—MaxBunch #397
~> L —MinBunch #3

O 500 1000

turn index

1500

BPM position oscillation
of different bunches

2000

1S

00

2000

(oscillation expansion
after transmission)

Different bunch showed
different oscillation amplitud

Largest amplitude bunch
#397: mostly contributed by
kicker mismatch

Smallest amplitude bunch #3:
contributed by kicker
mismatch and wake-field
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M' Stored bunch: transverse size (ox)

e Same analysis method is used for transverse s 80 ' ‘ e
measurement —MinBunch #719

[=]
[}
= T

 Data from SR light, captured by PMT detector. £
130 bunch#520 -
E amp = 127um™\y E 20t
) 9]
g 100 - bunch #719 - -8
i amp = 68.69um 0 m
g
=
£ 50 20 . w \ ;
= 0 500 1000 1500 2000
g Tumn Index
0
0 1000200 300 400 500 600 700 800 Horizontal size oscillation of different bunches
bunch index
Betatron amplitude of each bunch
— 3
60 ~MaxBunch #520] — —MinBunch#3
40 —MinBunch #719 g
g S s
220- In good agreement with %
20 the position results from £,
2.0 the button BPM. 5.,
=)
Fﬂg -40~ -30 500 1 0(?0 1500 2000
60 turn index
’ 0 B 2000 Bunch #520 and Bunch 719: combined effects
Transverse position oscillation from the SR light of kicker field mismatch and wake-field
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Injection transient study: long term data
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AWWVW"""" AAAAAAAA Long term data

Stored Refilled
bunch train bunch
Reflect the match Synchrotron amplitude
between the injector
and the storage ring Betatron amplitude
Betatron amplitude Reflect the dynamic
$ behavior of the <:| Synchrotron damping time

Betatron damping time storage ring

Betatron amplitude distribution i ;
Wake field and impedance study

Tune distribution Stability and repeatability of the storage ring
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M Refilled bunch parameters
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Refilled bunch charge
10 pC ~ 50 pC
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Refilled bunch position / p-p (mm)

[\
S
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Refilled bunch transverse position (p-p)
25 mm ~ 35 mm
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Mismatch between the injector and the storage
ring

* Large variation

* Can be improved by optimizing injector
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100
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Refilled bunch longitudinal osc. amplitude
105 ps ~ 158 ps
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Stored bunches Betatron oscillation

bucket index

1.5 3 45 6 7.5 9 10.5 12 135 15 16.5

100 200 300 400 500 600 700
bucket index

time (hours)
The evolution of horizontal betatron oscillation Projection distribution in the horizontal direction
450+
3 o &,
5 400l OF °€(§0§»0 © * Stable distribution : basically not
[ Cbém 00
: SR8 % gocad q
5 Qo LSOO RO o2 change over time
2350f Qp RHE™ 5o &0 -
g o o & S
o ®
=300/ ° o 5
> o ©
“ o
* Changed amplitude value: gradually

PO 4 6 8 10 12 14 16
time (hours)
Average betatron amplitude distribution-aver time.

300~450
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decrease
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0,232

W 'Avw:vTune distribution (v,, v_y)

0231 ¢ Data obtained from the
stored bunch position.

9
<
<

0.23

bucket index
ey
o
(o

029 ° Tune distribution is stable

600},

0.228 e« Tune drift exists, the machine

3 6 9 12 15
time (hours) needs to be improved

The evolution of horizontal tune distribution.

IR SAE L

Wil vt Aate s
v I'IIIII'I'IH'“I'\**l'I'i"l.llﬁllllhllnl"ll'llllllll""'"'lﬁ'ﬁlﬂ s o
A |

time (hours)
The evolution of vertical tune distribution.
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bucket index
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M Betatron damping time (L,.)

= —— mode 1 2
E ox exp(—xz/Lz) °
g 18
- °
% EN0 D o0 @ & o o og
5 '51 4 0o © o 0° 0 © 4 ©
B (0] (o] o (o)
X _% 0~ PO 54 OOOOo %OOO o OOO
512 0 ® %0 (D ©© 0c® 05 ® o) .
y X exp(— 00® &°° %R ®0o® o580
& o
- o 1
o o
d . . 08, | o | | | _
Betatron damping time © 7 5 4 p " 10 1 14 16 18
time (hours)
The evolution of Betatron damping time.
e Obtained by the exponential fitting
» Useful for the betatron oscillation study
* Reflect the transverse dynamics of the storage ring
Betatron damping time: 1¥2ms
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W “‘Synchrotron damping time (1)

150 lope fitting E\ 28 T T T T
B T £ o =
: 2 275} . o >
gso— +~ QO (@) o ©
%J) 275 o P o& o %DOOO @ o 9 oo 0000 ,
00—_ 560 1 060 1 5‘00 20‘007 Q“ O Q) O
Turn Index %2 65 O o OO o @ O c%)o @OOO o O O(jo & O
t - O o o0 lo]
5§ 26° ©° o o O ° @ ©° |
y X exp(__ jg ® o ° o o o o o
=2.55¢ o _
Q
g,
m 2'5 1 | 1 1 1 1
Synchrotron damping time 0 2 4 6 . 8 10 12 14 16
time (hours)
The evolution of synchrotron damping time.
* Obtained by the exponential fitting
* Useful for the synchrotron oscillation study
e Reflect the longitudinal dynamics of the storage ring
Synchrotron damping time
2.5ms~3ms
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M More channels for bunch size

* 8-16 channels upgrade
e To achieve non-Gaussian distribution measurement

(Signal A Abnormal
itioni trigger
PMT Conditioning| N EE Intelligent trigger
Pl Channel 1 Multi-channel | —— system
Optical N Commercial Based on FPGA
» focusing dcftf’_ Acquisition and
system acquisition calculation trigger ‘
> board
SR light pi6 | Channel 16f\ y » Storage & compute
- J 1 Data base on FPGA
SSRF Timing
Synchronous sampling & processing

Multi-channel bunch size online system based on commercial DAQ
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More channels for bunch length

* To achieve multi-frequency measurement
 To achieve non-Gaussian distribution measurement

Intelligent trigger

Storage & compute
base on FPGA

Abnormal
r ~N trigger
: — system
Multi-

frequency Multi-channel Based on FPGA

method RF Commercial data

front-end acquisition board

Button BPMs module »
S N / Data
SSRF Timing

Synchronous sampling & processing

Multi-frequency bunch length online system based on commercial DAQ
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Intelligent trigger

\ 4

vy
\ 4

vy

Button BPMs

\ 4

RF front-end module

Optical

 —
—

SR light ——| frond-

end '

PMT array
4-chs for horizontal

4-chs for vertical siz

4 p

16 channels data
acquisition module:
14bit,1GS/s
sampling rate,
1.2GHz bandwidth,
Synchronized
trigger

size

A\

e

J

Abnormal trigger (transverse and
longitudinal instabilities; beam
loss; etc. )

Intelligent trigger
system
Based on FPGA

Acquisition and
calculation trigger

/Buffer i CompuD
» | Unit
Data [~~~ ~~~—- e
Storage

\_

6-dimentional bunch-by-bunch diagnostic system architecture

Intelligent trigger system to capture random beam instability events
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Summary

U VU O

\'a 4 o o o o

The 6-dimensional diagnostic system with bunch-by-bunch
capability is successfully implemented at SSRF.

The beam position, size, phase and length during the injection
transient process are all measured by the system.

With the refilled bunch extraction algorithm, the refilled bunch
position and phase can be obtained. And the dynamic
parameters of the storage ring also can be obtained from the
injection transient study.

DAQ need to be upgraded and intelligent trigger mode based on
FPGA will be implemented. After upgrading, this system will be
more useful for physicists to capture bunch-by-bunch data when
unstable beam condition shows up.
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