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TPS Timeline and Diagnostics System
Intensity Monitors
Screen Monitors
BPM System
Feedback System
* Orbit Feedback System

* Bunch-by-Bunch Feedback System

Synchrotron Radiation Monitors

Visible Light, X-Ray Pinhole, Streak Camera, TCSPC, ...

Beam Loss Monitor

Summary
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TPS Timeline

2007 Mar. Funding approval (230M USD Acc & Civil)

2010 Feb. Ground-breaking

2013 Oct. Phase | Accelerator installation started

2014 Aug. Phase | Accelerator system test and commissioning started

2015 Mar. Phase | Accelerator commissioning completed
up to 100 mA beam current with PETRA RF cavities & Optimization of
basic machine parameters

2015 Apr. SRF, IDs and Beamline installation started
2015 Sep. Phase Il commissioning with SRF, IDs and Beamline would start
up to 500 mA beam current with Superconducting RF
Insertion Devices Commissioning
Beamlines Commissioning
2016 Open to users
Beam quality control, Top-up injection, high beam intensity issues
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TPS Phase I Commissioning with Petra RF cavity

Linac & LTB Commissioning
2011 Linac (from Research Instruments) pre-test in test-site
e 2014 Jun. Moved to TPS site from March to June, 2014
* 2014 Aug. Permission to test
Booster Commissioning with hardware improvement
e Aug.15 Hardware improvement ex: BR power supply overheat,
kicker pulse residual field (5% to 0.5%)
* Sep. First turn & multi-turn beam soon obtained after steering
* Sep.~Oct. Re-alignment of chambers & magnet, individual dipole trim install
* Nov.12 Found relative permeability of pipes too large (1.2-2), uninstall for
heat treatment
e Dec.11 finished pipes demagnetization (permeability <1.001)
More than 50 ms survival beam.
e Dec.12 stored beam after RF on
e Dec.15 ramping tested and ramped to 2.5 GeV
e Dec.16 rampedto 3 GeV
Storage Ring Commissioning
e Dec.24 extracted 3 GeV beam and found DC septum leakage field
* Dec.29, accumulated beam at 1.5 GeV with kicker scan
* Dec.30, extracted 3 GeV after enforcement of DC septum shielding and two
more local correctors

* Dec. 31, 2014 5 mA stored beam, the first synchrotron light was observed
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TPS Diagnostic Devices Overview
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INTENSITY MONITOR
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TCSPC Monttor:
1.

, NPCT-175-HR x 1 (SR)
filling pattern NPCT-CF2”-HR  x 1 (BR) — In-flange
control). ICT-CF4” x 2 (BTS)

2. Isolated ‘ FCT-CF4” x 1 (BTS)
bunch purity FCT-CF4” x 2 (BR) - In-flange
(> 109). o ICT-CF6” x 1 (LTB) - In-flange
FCT-CF6” x 2 (LTB) - In-flange
RCT-CF4%
(DCCT) N\

Layout of the TPS Intensity Monitors

- Average Intensity
- Injection Efficiency

ICT—CF4”
- Bunch Current _—

Bunch current
monitor (0.5

FCT-CF4”

FCT-CF6”

BPM Based
Intensity Monitor:
1. Beam current
monitor (~ 5 %
accuracy —
interlock
purpose).

2. Bunch current
monitor (0.5 %
accuracy — filling
pattern control).

ICT-CF4”

ICT-CF6”

% accuracy —

Rl Research Instruments GmbH

NPCT-175-HR (¢

WCM:
FC:
ICT:
FCT:
DCCT:

Wall Current Monitor

Faraday Cup

Integrating Current Transformer
Fast Current Transformer

DC Current Transformer
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Single-bunch
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Linac - WCM Measurement

Linac - MBM - WCM Waveform

Multi-bunch
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LTB ICT Beam Test
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Booster Beam Intensity Observation by FCT
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Implementation of the DCCT IOC

EPICS Ethernet
(3 Hz rate)
EPICS 10C o
BPM VLAN p ADLINK cPCI CPU Stop Injection Trigger:
SUM signals from Current Achieve Target Value
several BPM / EVR (CPCI6U-EVR-300) DCCT Failed
@ 10 Hz rate EPICS 10C Failed
e A S e
Y TCP201 24 bits, 16 channels
IP Carrier IP-ADC-8417
A A A A
T _| Heartbeat
Trigger " Detector |
3 Hz @ TZERO
P - : ~ To
DMM [« »  Beam Trip Detector > Machine
High precision digital > Orbit Interlock Threshold » Protection
multi-meter T Ssmeeee- "y e f System
> Lock-in Amplifier - Threshold: -
SN[ ' 1 Relay "
P T 10 kHz sampled data averaged into 3 Hz rate
ﬁ\\\\&@‘ T - ‘ 2 UA, 5/10 kHz Lifetime calculation updated in 3 Hz rate
TR Tone Loop I
- Tau
CAl Ix Tau
= Accumulated I x Tau
Storage ng DCCT Transfer efficiency form booster synchrotron to storage ring
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Current Measured from DCCT
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Beam Current 70.845 mA
Beam Lifetime 473.1 min
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Filling Pattern (Bunch Current) Diagnostics and Control

M Filling Pattern

BPM Pickups - Button Pick-up + Fast Digitizer (Oscilloscope, etc.)

(Better than 1 %)

Visible Light or X-ray: APD + TCSPC ( >10° Dynamic Range for Isolated Bunch)

BMFilling Pattern Control

Integrated with Control System for Filling Pattern Control

Control Network

Agilent 54832D
RSBPM6 (lan addr: 140.110.202.201)
(GPIB addr: 18)

ZFSC2-1] "
,mr . r e ¢
Combinergg sp;‘fi; : jll S.e.6.86.¢
—— IEEEER
l& sommome i [ EZE B0 Y
- / }c,

Ch2 Ch4
Beam Frev
To Phase 2.5MHz

Longitudinal Feedback System
Phase Detector

Light Source
400ns 8
revolution trigger PC (Linux, Matlab)
fill pattern | _Jo,_|_ | Filter
\t, "
APD-pulses | 1 app | Avalanche
Photo Diode
Ch1 (photon)
P400
TCSPC
TL:::.::W —> Digital Delayand ———— > USB
! z Pulse Generator Cho (sync)
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Filling Pattern Measurement at TPS

TCSPC for Bunch Purity Measurement

TPS Fill Pattern (TCSPC)

. - Beam Current 8.6338 mA = J 30-Mar-2015 10:22:53
TPS Storage Ring Fill Pattern
9 9 2015103126 15:52:01 Status 22015
i 100000
- BPM Running...
015 Resolution = 32 ps —
Heartbeat 11890
m o
Parameters o oo
0.05 o
2n u
n=5 ->3Zns n
1
0 Range 5 . 100
0 400 5
Bunch ID Acq. Time 5
(sec) 5
0.2 Photon Counting ’ v =
) Input0d ﬂ
ZeroCr. (mV) 4
[ iem—
Discr. (m¥) 160 1 T T T T T 1
A 134 13 138 140 142 144
Time (ns)
Input1
100000 100000
ZeroCr. (mv) 10 Total fcps 7.56e+05 R 00003
T a3 £00003
5.78e+05 |0 o
Discr. (mV) 270 Inputofops-Simesds: |5 i U 400003
400 | - Inputl fcps 1.52e+05 ;\ 200003 ;‘ 200003
Bunch 1D Max. Count sogss (ST T ®_zopno 0
Beam Current: 73.866 mA - at Time Ins 138.236 60 62 64 66 68 70 334 33 338 30 34z 344
. . > 5 . i | Ti T
Beam Lifetime: 0.000  Min. Photon c“““‘:['?ﬂ?‘:’ S ime (ns) me (ns)
722021 38
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SCREEN MONITOR
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Screen Monitor - LTB, Booster Synchrotron, BTS

Camera

Lens

View Port
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Screen Monitor - Storage Ring

| 4.—— Position 1

-,

—— Lens l

View Port E
YAG Screen Camera

B P AL B F ML

Diag Screen
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Screen Monitor Images
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BPM SYSTEM
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Summary of the BPM Types Used in TPS Project

Chamber Size (mm) ¢ button Kx/Ky (mm) Remarks
profile (mm)

Linac (0) SE— - - -
LTB (7) Elliptical 56 x 28 10.2 15.20/10.95 Libera Single Pass Brilliance
Booster (60) ) fg( . Elliptical 35x20 10.7 8.25/9.66 Libera Brilliance Plus
BTS (6) 3 Elliptical 35x20 10.7 Libera Single Pass Brilliance
Storage Ring Elliptical 68 x 30 7.4 13.8/12.73 Libera Brilliance Plus
-Standard BPM
(120 + 3)
Storage Ring Racetrack 64x 16 7.4 6.58/8.89
-Primary BPM S
(46 - 3) D)
22 (2+1) 68 x 20 7.4 8.99/9.63
EPUA48 (1) 68 x 8 <5 ~ 4/4
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Booster BPM: ADC

Button Signals (Single Bunch)
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Booster BPM ADC data after Phase Alignment
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First turn & Multi-turn

First-turn display GUI At early commissioning, linac
modulator was not stable, energy drift

BR-DI-BPM-SP-trajectory

- BR BPM FirstTurn Trajetory could be observed from the first turn
Cete Mode [ nivome 1] X Max SIS ¥_Mex TN Sum Mo TN
Threshold TINITINR X v SOOI IS coooooo [ Swn_Min  SUTEN 3 31 31
trajectory in horizontal.
H 0 BR-DI-BPM-SP-trajectory
A
r BR BPM FirstTurn Trajetory Soraonn 1enare
C X_Max . ¥ _Meo FIMITEE .y Swm_Max
A *_pin wvin OIS Sum Min  SUTRSS
b
" %
H —_W
o 406
" ze+06
I3 3
v [
e ) -4es063
) -Ge+0l T T T T 1'0 T T T Zln T T T T 3’0 T T T T Aln T T T T SID T T T T 20
'S‘ -2e+ Ge+0 ad
')" _4e - ¥ aseos
r Ze+06—
d e
) Sum  —zev00]
ity
tiiile measurement et _______ ] i — ‘
c Zgggg \ 10 20 a0 ab 50 80
o Sum
o 40000
n 30000 3000
t zoooo "\ c
10000 o 2000
o 10 20 30 40 S0 60 t 0=
- 10 20 30 40 s0 60

9 turns sum of all BPMs.
Beam loss along booster chamber uniform
before demagnetized.

Cable phase match :13°
Cable loss diff: less 0.1 dB
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Booster BPM: TBT Data & Analysis
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Booster Tune Monitor and GUI

Booster Tune Monitor Block Diagram

EPICS Magnetic Shaker Implemented on an dedicated EPICS
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Booster tune monitor at injection

CEE

BR-DC-Tune
BR Injection TUNE 2014112116 19:12:20
OnORl | On
TuneX: 0391 Tune¥: 0314
200000+ Spectrum X 400000 Spectrum ¥
1500003 600000-]
1000003 400000
500003 2000004
03 0
-50000 L Bl Bl B ] Eo B e Dl o e ol Bl o B o o B B B 200000~ | B ISR B o i it Pl Bl o8 B Bl o I B 8l B
0 01 04 05 0 0 02 03 04 05
X Index TN X TweMin NUTMN X FFTNo ¥ Index TN Y TweMin TR Y FFTNo TERNNNN
XAVGNO FRN X TwneMox IO X RengeMin NN |VAVG NO SN Y TweMox NGTMMN ¥ RongeMin TR

EPM 403 TDP_X_MONITOR

2e+06

| e+U:

3 =
F )
[N
@@
++
cc
S5

T T
0 200 400

T
600

T
800 1000

BPM 40

3 TOP_Y_MONITOR

o N N S TS r N7 T s e e N N

=
@
+
=
=

280

AL A R R R L R R S

230

PR I Bl N AN A A

300 310

BPM 403 TDP_SUM_MONITOR

1e407

1e+06

1000004

—Sc o o

10000 ; . .

|
0 200 400

T T
600
TBT Sample

I
800 1000

Length

120000

Ctor | [anc ] [Qcoms]

Te+07

FCT Intensity

We+[l5—L“—L

—Scoo

100000~

10000 T

T T
0 20000 40000

T
60000
TET Sample

]
60000 100000

Stability of booster main power supply
improved from 0.5% to 0.2% at low
current.

0.5

0.4

0.3

0.2

0.1

0.41

0.4

0.39

r. tune

Hoi

0.38

0.37
0

0.1
g 0.08
0.06

0.04

Relation between beam survival rate, tune and
QF/Dipole err at injection.

Injection shoot

2015/09/14 TPS Diagnostics — IBIC2015 26



Booster Orbit during Ramping observed from BPM 10kHz data - 141218

TFS BR Ramping Orbit

mmmmmm

Orbit blow-up during ramping

Orbit blow-up during ramping

EPMe Y Orbitimm]

i
160 180

orbit brow-up +4/-2 mm in X-plane and +/- 1 mm in Y-plane during ramping

Orbit correction during ramping would be done in phase II commissioning
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TPS Storage Ring BPM-Problems

e Cabling Problem
1. Button B and C of two BPMs 04 4 & 17 7 were cross connected.
2. The cables of BPM 24 4 and 24 6 were in wrong order.
» (Calibration Problem:
The BPM sensitivity factors were incorrectly set to the configuration of the primary type
BPM while they should have set to standard type configuration.
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TPS Storage Ring Beam Stability from FA data

Before turbo-pumps turned off, 29 Hz dominated—girder vibration
After turning off the pumps, the noise level was much decreased.
Water turbulence in vacuum chambers is another source of noise.

Displacement PSD (u_m2sz)
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Beam Based Alignment (BBA)

By using any corrector magnet to position

the electron beam at different position in —_
quadrupole magnet. £
Determine the position which minimizes the E
orbit distortion when the quadrupole field is ™
varied. (BPM-Quad center offset—BBA) E
P

166 T

1
f(Bem) = E;m(w@ — xi(~Ak))?

6., : the strength of the corrector magnet
x(Ak) : orbit after changing the quadrupole by Ak

i : BPM index

o
o
()

7

Wertical [rmimn]

A BPMy [mm]
(LS fit)

1 1 1 1 1 1 1 1 1
03 -02 -01 0 0.1 02 03 04 05 0.6
BPMy(6,2), raw values [mm]

A BPMy [mm]
(LS fit)

BPMy(20,5), raw values [mm]

Provided by C. C. Kuo
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Interlock

» BPM 10 kHz data used for interlock including position and angle

» 7 long straight line (EPU & IU) required first
» Interlock activate condition under discussion
» Functionalities test 4™ quarter 2015

Horizontal

Angle Selected Index

Angle Trip No: g8

BPM Angle Interlocks

Angle InterLock

T

ILK Status " Hfzfsz‘:‘“; cout Vertical ILK Status
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FEEDBACK SYSTEM
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Feedbacks

Apply during 4" quarter 2015 with ID commissioning
Updating rate at 10Hz
Hor. and Ver. kickers installed in June 2015

Preliminary beam test at January 2015.
Commissioning on 4t quarter 2015 .

Fast corrector installed in June 2015
Firmware under modification and test
Planned to operate in 2016

Status

by-bunch
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Infrastructure for FOFB

Control Network

Timing Master 10C

TPS
Control System

/ Serverto check if :
ast corrector closed to saturation

=)

Slow corrector settings

Cell 2 el -
RS ~ -
-\ CPSCs+ PSs I
Fast Corrector installed at bellows ~

’X\ 10 kHz rate interface. Each cell has 2 links

[ Master Clock ]

On-line Path length

compensation

Console

4 -
4‘ Cell 1
; CPSC s+ PSs Cell 24
: CPSCs+ PSs
\ N
\

I aad8a%s &z

for hor. and ver. Loop respectively.

TPS Ring

/ BPM Group 2 \

10 kHz orbit
data link
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Prototype Bunch-by-Bunch Feedbacks
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SYNCHROTRON RADIATION
MONITOR
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Layout of the Booster SRM Station
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TPS booster synchrotron radiation profiles during energy ramping
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Layout of the Storage Ring SRM Station

Top view of streak camera Beam size 6, and beam divergence G, . for 1 %
coupling. Natural horizontal emittance 1s 1.6 nm-rad.
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X-ray Pinhole Camera Test for SR

Beam size larger then expected After focus adjustment

mera (XPC-40) Display GUI (v 1.0)
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Booster Beam - Streak Camera Observation

Before Linac optimization, side bunches (3 GHz) were observed.
They would merge for synchrotron motion.
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ramping process. Bunch length changes around 85 psec,
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Storage Ring - Streak Camera Observation

Longitudinal instability before RF problem

of amplitude loop found. Bunch length as function of
bunch current
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BEAM LOSS MONITOR
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Beam Loss Monitor (BLM)

Configuration of RadFET BLM system Configuration of dual PIN-diode BLM system
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Summary

Work in progress

1. Phase Il commissioning with SRF before delivery to users.

2. Final check of the interlock functionalities.

3. Prepare for bunch by bunch feedback system

4.  Slow orbit feedback would be first provided this 4" quarter.

5. System integration test and firmware debug of the fast orbit feedbacks continues.
Summary

1.  Diagnostics helps to improve subsystem, optimize machine and accelerate TPS commissioning.
2. Further modification and expansion continues during Phase II commissioning.

The first synchrotron light from TPS storage ring at 3GeV, TmA

December 31, 2014

p""(:‘
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