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Milestone of TPS

e Started accelerator installation in Oct. 2013

e Started System test and booster beam commissioning in Aug. 2014

e Stored beam and first light in storage ring on 31 Dec. 2014

e Completed phase | commissioning (35 A-H vacuum cleaning) in Apr. 2015

e Achieved 520 mA stored beam in Dec. 2015

e Started pilot run (150 mA top-up) for beamline commissioning in Mar. 2016
e Started 300 mA top-up operation in May 2016

e Opened to general users in Sep. 2016



The change of NSRRC campus
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Storage ring parameters

Energy (GeV) 3
Current (mA) 500
Periodicity 6
Straight section (m) 18x7+ 6x12
Bare lattice emittance (nm-rad) 1.6

Betatron tune (vy/vy)

DMB 26.18 / 13.28
Bare lattice (24.18/14.24)

Natural chromaticity &/§, -75/-26
Circumference (m) 518.4
Bending radius (m) 8.40338
Natural energy spread 8.86 x 10™

Momentum compaction o/a,

2.4x10%/2.1x10°3

Revolution frequency (kHz) 578.3
RF frequency (MHz) 499.654
Harmonic number 864
Synchrotron tune 0.00609
Bunch length (mm) 2.86
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The first day of booster commissioning

_ Burned Circuit Board

Broken Resistor

Overheated and
broken RG




Struggled booster commissioning in next three months
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The vacuum chamber had magnetism

TPS project director sighed with relief after

Found the problem cut vacuum chamber to fit the furnace -
demagnetizing the vacuum chamber

1] 2 ] [4 5 m A missing step here
Manufacturer 7= Seamless tube —'|Col(l Extrusion—" Straightness Measurement -" Copper Wire Cutting —1_’ e Cbaiber
SUS304 Stainless steel Elliptical tube formed Hori?omal And Vertical 6] p’—-“.
- (<2.5mm/4m-long tube) 3 rolls machine #» BR Bendine Chamber

8)—— . , —[10] 1]
Examine flange === [Chemical Cleanmg—lL Flange TIG Welding =>{ He Leak testing

R-flange, F-flange <Ix10L-mbar/s

Assemble




The contamination of cell 02 vacuum chamber

https://www.youtube.com/watch?v=eae-oWT9hqgg

-

The PVCpad  The position of the pad

with a screw inside the vacuum chamber





TPS SR02 B chamber replacement
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The heating problem will be obstacle for
high current operation

New stripline kicker
Better impedance matching
Smaller loss factor
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e- direction -

END BLOCK (Top and downstream array )

Foil damage of [U22B-09

Zmm foil up

e ]

Injection to 30 mA

Orbit correction to golden orbit
FOFB and RF feedback on

Orbit interlock on (actual orbit)
IDs gap closed to small gap
Injection to 300 mA

Injection to 30 mA

Orbit correction to reference orbit
Injection to 300 mA

Orbit interlock on (reference orbit)
FOFB and RF feedback on

IDs gap closed to small gap



TPS phase | beamlines

Beamline Beamline name Type IDs Effective  Magnet Number Small Maximum Largest Range of
number length period of magnet magnetic deflection photon
(m) (mm) period gap(mm) field (T) parameter energy (keV)
O5A Protein micro- VU 1 3.08 22 140 7 (5)* 0.76 1.56 5.7-20
crystallography
09A Temporally coherent X- VU 2 3.08 22 140 7 (5)* 0.76 1.56 5.6-25
ray diffraction 2.09 95 7 0.74 1.52
21A Submicron VU 3.08 22 140 7 (5)* 0.76 1.56 7-25
X-ray diffraction
23A X-ray Nano probe UV 3.08 22 140 7 (5)* 0.76 1.56 4-15
25A Coherent X-ray UV 3.08 22 140 7 (5)* 0.76 1.56 5.5-20
scattering 2.09 95 7/ 0.74 1.52
41A%* Resonant soft X-ray EPU 3.77 48 68 13 V:0.83 V:3.72 0.4-1.2
scattering 3.77 13 H:0.55 H:2.47
A5A%* Submicron soft X-ray EPU 3.22 46 32 14 V:0.73 V:3.14 0.28-1.5
spectroscopy H:0.47 H:2.02

* Not commissioning

+ Ultimate goal



Vertical COD change (mm)

Horizontal COD change (mm)

Difference orbit shift of IVUS

Difference of orbit shifts due to IDs gap change

7 IVUs form open to 7 mm

The COD (rms) from insertion devices
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ID name Ref. (mm) Min. gap (mm) X/Y (um)
IU22-05 40 5.6 39/6
IU22A-09 40 5.5 75/6
IU22B-09 40 7 16/5
IUT22-21 40 5.5 10/4
IU22-23 40 5.5 41/15
IU22A-25 40 5.5 41/7
IU22B-25 40 7 18/5
EPU48A 45 13 70/24
EPU48B 45 13 137/29
EPU46 45 14 65/72




Beta beat (%)

Beta beat (%)

Some basic beam parameters for user operation

The consective Beta beat measurements after LOCO
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Measured horizontal emittance
1.64 nm-rad for bare lattice

Chromaticity are (3.7, 2.1), both
horizontal and vertical stripline

kicker for bunch-by-bunch
feedback

X-ray pinhole photon beam size
from bending magnet ox =57 um
oy = 34 um, the related electron
beam size ox =46 um oy =17 um

Electron beam size ox =121 um oy
=5 um for 7 m straight section, ox
=165 um oy =10um for 12 m
straight section

The FOFB bandwidth is around
250 Hz for horizontal plane and
300 Hz for vertical plane




Intensity

Flux

TPS O5A spectrum
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TPSO5A horizontal orbit stability (ox=121 um

3034 -500 7 -7E3 0.6554 7 3031
. 1 -7.2E3 g
::02-: -800 4 m 0.65538 ] _-502_:
'Ul—: -1000 3 2 AAEd ‘ --"‘ﬂ' i f-jdlﬂihﬂ.‘,“ | "‘””’Hlﬂ "HHI"-I. g A ] "01_:
301 : 1 ' AT 0.65536] ~ |
] 1 -7.6E3 | | : ] ]
300 1203 oo 1 300-
] -14001 0.65534 1 ]
299 ] 1 -8E3 1 2991
] -1600 0.65532 ]
298 {1 -8.2E3 ] 298]
. 7 '1800‘: E o 3
] 1 -8.4E3 ] ]
2974 -2000 1 iz 1 2971
] J -8.6E3 ] ]
1 -22001 0.65528 ]
<13 1 -8.8E3 et
1 24001 12 ]
295_‘:-: :x—QEB w |* 0.65526] ¥ 295
1% -2600 3 1= ]
1% 1% (&7 3 1
il iM_g JE3 | Q JLEREy
294718 -2800 48 W 50.65524—_ 5294-_
o 1+ -9.4E3 e 18,051
2931% -3000 12 Ex 1m 293
i 10 .9,6E3 acEE e
35 ]2 -3200 45 w g S
s = £ 0.6552 -":.'2“2:
1w -3400 4w ' 18 ]
291 ] 1 -1E4 122917
] -3600 0.65518 14 ]
e ] -1.02E4 bl
“%7  -3800 ] et
] 1 -1.04E4 0.655164 |
2894 -4000 5 ] 2894
] ] ':I.DEEq' E 3
gg] 4200 3 0.65514 -gg ]
ZaE 1 -1.08E4 | 288
1 -4400 3 ] ]
2871 1 -1.1E4 0.655121 2877 AC~180 u m
1 -4600 ] : ]
o 1 -1.12E4 -
2867 -4800 3 0.6551 ] 2867
et e - - Normal RF frequency: 499.654097 MHz
285 -5000 ] 2853
] 1 -1.16E4 FUII Scale 5 u 0.65508 ] Or a re uenc . .
2849 %07 16ea 1 2847
] S 0.65506 ]
e e L | o T ) o ] o ] o ] 1, ] o ) 101 G ) 1051 P 1] e £y (] e o e 1 e st e e e R o 3 o o 1 0 3 51y o 5 5 0 £ 1 . e o o 5 g s e e e e e e s e S e e |
2017-04-12 04-13 04-13 04-13 04-13 04-14 04-14 04-14 04-14 04-14 04-15 04-15 04-15 04-15 04-16 04-16 04-16 04-16 04-16 04-17  2017-04-17 2017-04-12 04-13 04-13 04-13 04-13 04-14 04-14 04-14 04-14 04-14 04-15 04-15 04-15 04-15 04-16 04-16 04-16 04-16 04-16 04-17  2017-04-17
21:00:00 07:00 12:00 17:00 22:00 03:00 08:00 13:00 18:00 23:00 04:00 09:00 14:00 19:00 00:00 05:00 10:00 15:00 20:00 01:00  09:00:00 21:00:00 07:00 12:00 17:00 22:00 03:00 08:00 13:00 18:00 23:00 04:00 09:00 14:00 19:00 00:00 05:00 10:00 15:00 20:00 01:00  09:00:00
Time Time

SR-DI-DCCT:BeamCurrent

SR-DI-BPM-031:X |—5SR-DI-BPM-027:X

SR-DI-DCCT: BeamCurrent |——TPS:getRFFreq

TUPAB103

The FOFB bandwidth is around 250 Hz for horizontal plane and 300 Hz for vertical plane
The RF frequency feedback uses the inverse dispersion matrix @ 0.1 Hz
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TPS user availability in 2016

Scheduled user time: 3351 hours

Statistics of TPS user operation
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Experience of SRF operation
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Mean Time between Failures
of Complte Storage Ring RF
Svstem [h]

RF source (x2): 300 kW Thales klystron + Thomson solid state HVPSs

LLRF (x2): home made analog system MOPVAQO98

RF cavity (x2): 500 MHz SRF modules of KEKB design
300 mA top-up operation @ 2800 kV gap voltage
Mitigate coupler multipacting by new developed processing technique (multipacting free operation)



Injection transient iImprovement
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Current status of user operation

> i More than 200 hours

o tfip trip trip MTBF
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Discussion

e Incomplete system integration can cause many other problems

e Push to high current operation during the early stages of
commissioning to get early signs of problems and giving time to plan
for their solutions

e Every problem that we found during TPS commissioning and
operation drives us to improve the performance of TPS, and it can
provide higher availability and better beam quality to user operation
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