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Machine Parameters

Beam current is

Two times larger than KEKB

X

20 times smaller than KEKB

LER HER unit
3.6 2.6 A
2,500
1.44 1.04 mA
3,016.315 m
3.2(1.9)/8.64(2.8) 4.6(4.4)/12.9(1.5) nm/pm R
0.27 0.28 includes beam-beam
32/0.27 25/0.30 mm
83 mrad
3.20x10- 4.55x10
7.92(7.53)x10-4 6.37(6.30)x10-
9.4 15.0 MV
6(4.7) 5(4.9) mm
-0.0245 ~0.0280
44.53/46.57 45.53/43.57
1.76 2.43 MeV
45.7/22.8 58.0/29.0 msec
0.0028/0.0881 0.0012/0.0807
8x 1033 cm-?s-1

-

Luminosity is

Beam size at collision point is

(40 times higher than KEKB.)
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SuperKEKB master schedule
JFY2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

KEKB was shut down in 2010. Phase 2 commissioning:
KEKB ' Dismantling and construction for - Squeezing beta at IP
upgrade was started. - Beam collision tuning
: - Start physics data taki
SuperKEKB construction art Pys®es oama tafs
Phase 3:
Dismantle < - Physics run with
i full Belle Il with VXD
ing, etc. l/ \/7
— —_— —>
Phase 1 commissioning: 7Phase 1 Phase 2 Phase 3
- Basic machine tuning SuperKFKB
- Low emittance beam tuning operatlon
- Vacuum scrubbing /
DR commissioning starts oo

prior to Phase 2. and QCS




List of Magnet power supplies

* Newly fabricated or old power supplies for Main Ring

Newly

Reused PS
(¥overhauled)

Output
power

fabricated
PS

0.95 MW 2

0 Main dipoles

9 0) Wigglers
0.1-0.5 MW 0 18# Main quadrupoles
2-105 kW 92 335% Bend./Quad./Sext.

Steering magnets/
corrector coils

Total 312+29 1846+0 2158+a

0.3-2.4 kW 209+29 1493+

- Newly fabricated power supplies for
final-focus superconducting magnets system(QCS)

2kA, 15V 8 0 QCS Main quads.
<500 A, 20V 3 0 QCS Solenoids
+70A, £10V 43+2 0 QCS correction coils




Large class PS (Main Dipoles, Wigglers)
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Rated current (A) Max. Voltage (V)
Main Dipoles 860, 840 1100
Wigglers 800 ~ 1400 350 ~ 750




Large class PS (Main Dipoles, Wigglers)

Output current stability

B File Edit Mode Window

These are measured with high precision DCCTs,
which are separated from control circuit of the PSs.
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Medium class PS (Bend./Quad./Sext. )

Rated Max. Stability
current (A) Voltage (V) (Idiff/Irated)

Bend./Quad./

~ ~ -5
ot 200 ~ 1250 10 ~ 120 < 2 x 105/ day



Small class PS (Steerings, auxiliary coils)

Rated Max. Stability
current (A) Voltage (V) (Idiff/Irated)

Steerings,

e +5, 10 +50 ~ 100 < 1 x 104/ day



Typical operation cycle of the power supplies

Magnetic field

standardization Scheduled maintenance

A (day time ~8hrs)
. A I\
Rated current ( A
Operating
current
Day 1t Day 15t
= Day 14

Magnetic field standardization: the output current is increased to the rated current of each
power supplies and then decreased to 0 A. After this cycle, which is repeated several times, the
output current is set at the desired value determined by the machine optics. This cycle cancel
out a relict magnetic field and assure us of repeatability of the magnetic field.

Scheduled maintenance: Scheduled maintenance runs every two weeks.



PS Control system

1. Remote control
Setting output current, ON/OFF control, and reading various status of PS
PSICM mounted in each Power Supply.
(PSICM = Power Supply Interface Controller Module)

Connected to the I0C through ARCNET.
ARCNET = Attached Resource Computer NETwork

2. Current monitor
Digital Voltmeter(KEITHLEY 2002 or 2001) with scanner(KEITHLEY

7001).
Connected to the I0C through GPIB or Ethernet.

3. Interlock system to protect Magnets and Power supplies

Standalone PLC system.
The 10C is embedded in the PLC module(F3RP61).

They are controlled with EPICS
(Experimental Physics and Industrial Control System).

KEKBlog system are logging channels of the EPICS records.



Remote control (ARCNET)

HP-UX, Linuy, ...
OPI PSICM
(Power Supply Interface Controller Module)
Control network(closed) Power Supply
VME PSICM
T | IN
% ]
=z L]
CPU (15 ouT
|OC =
]
Power Supply Power Supply
PSICM I|3|\SIICM
IN ]
= O
L OuT
OuT

a few ~ 10 PSs in series



SuperKEKB succeed KEKB

Some devices running in KEKB were replaced new ones.
New components for SuperKEKB are added on legacies from KEKB.

v

Some troubles occurred on the connection.



Trouble summary
in Phase 1 (2016.2.8 ~ 2016.6.28) / in Phase 2 (2018.3.19 ~ 2018.7.17)
Magnet power supply system works well except for following failures.

Failures in Large class PS | # of event |comment

AC distortion (RF system crowbar
or/and VAR system# works)

AC input Stop, CB Fault 6/0 Earthquake, Malfunctions.

Failures in_Medium class PS_| # of event |comment ____________

Thermal control equipment

AC input over current 13/0

IS 7714 trouble. Poor air conditioning.
Over current (IGBT modules) 6/1 Modules were replaced. Repaired.
Cable GND fault 1/0 The fault cable was disconnected.
ackngleros 1 Fault in the polarity inversion

circuit. Repaired.

Failures in small class PS_|# of event |comment

DC-DC board failure etc. 10/ 2 Power supplies themselves were replaced.

#) Compensation system for a reactive power in the AC power distribution facility. AC line phase-advancing capacitor equipment was automatically
controlled. However, unexpected operation occurred in early stage of Phase 1. Since capacitors has been manually operated, failures doesn't occur.



AC input failure
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Insert additional AC inductors(ACL).

Then the peak height of the inrush current is reduced.
Main dipole magnet PSs are treated with the ACL.
The others are postponed due to a budget.




Signal noise from switching PSs

Synchronization trigger status
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Synchronization trigger :

When optics parameters are changed,
all PSs have to drive synchronously to
avoid beam loss.

Trlgger mput S|gnal

P-Body (50V/div)
N-Body (50V/div)
P-N (5V/div)
100ps/div

@ Filters : normal 0. 1pF common 0.TpF

P-Body (5V/div)
N-Body (5V/div)
P-N (5V/div)
100us/div



Summary

» SuperKEKB is an e-e* collider, which succeed
KEKB.

* Operation of the SuperKEKB have started from
2015, and Phase2 have finished now.

« Some of the large class PSs and ~100 number
of the medium class PSs are newly fabricated.

* The most number of the PSs (mainly small class
PSs) are running with/without overhauls.

 Some troubles have occurred between the
legacies of KEKB and the new power supplies
for SuperKEKB.






Start up: system check and full power load test

Full-scale start-up tasks such as network test, interlock system test, full power
load test, cable connection check to avoid abnormal heating, polarity check,
magnet standardization test and so on were completed before February
8(2016) beam injection to the MR.




KEKBlog viewer bit |Interlock

0 Output OC
E— e o mempsioE2E_40:1eREG | 1 Output OV
B T 1 1 2 Thyristor Fuse
= 500 Js00 3
gﬁ : M‘ ,’ i | | Output CurrenmI )P 1) 1 2 3 Case Temperature
HY oo (Command valyg J0 @ 4 Samicon. Failure
- | '
e T2 5 GND Fault
E‘% 200 | Jeoe 'g 6 Emergency
o - I . -
0 —)
22 of | J & 8 DCCT Fault
-1nn: 4 'h PR — T‘ — . L :h-llillil 9 -
11°0mp® zpm 40m 1zRgm
3/31/2016 Output Current 10 Water Flow
(Current monitor) 11 -
. 12 -
KEKBlog indicates 4W(who, when, what, where).
We have to investigate remains(why, how). 13 Thermostat
14 Tracking
15 Fan



Archived data

Time record name value
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Time record name value
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Time record name value

O IA0INOAC AN00DC A0 MNACI DC ZNIANADRD A4 08 AN 4 040220

Time record name value

06/10/2016 00:00:36.48 MGLPS:ZVQD1P_1:IMON 1.843338e-02
06/10/2016 00:00:49.85 MGLPS:ZVvQD1P_1:IMON 1.876372e-02
06/10/2016 00:01:26.15 MGLPS:ZVvQD1P_1:IMON 1.875872e-02
06/10/2016 00:01:39.35 MGLPS:ZVvQD1P_1:IMON 1.843839e-02
06/10/2016 00:01:55.85 MGLPS:ZVQD1P_1:IMON 1.843338e-02
06/10/2016 00:02:18.95 MGLPS:ZVQD1P_1:IMON 1.844840e-02
06/10/2016 00:02:45.35 MGLPS:ZVQD1P_1:IMON 1.844339e-02
06/10/2016 00:03:11.75 MGLPS:ZvQD1P_1:IMON 1.843338e-02
06/10/2016 00:03:38.15 MGLPS:ZVvQD1P_1:IMON 1.843839e-02
06/10/2016 00:04:04.55 MGLPS:ZVQD1P_1:IMON 1.844339e-02
06/10/2016 00:04:30.95 MGLPS:ZVQD1P_1:IMON 1.844840e-02
06/10/2016 00:04:44.15 MGLPS:ZVQD1P_1:IMON 1.844339e-02
06/10/2016 00:04:57.35 MGLPS:ZVQD1P_1:IMON 1.843839e-02|

06/10/2016 00:05:10.55 MGLPS:ZVQD1P_T:IMON 1.8433386-02-A -
06/10/2016 00:05:23.75 MGLPS:ZVQD1P_1:IMON 1.844840e-02 Histogram of output current of

steering magnet PSs

Output Current (A)

o e
o o
=} =
L o

0.000
0:00:00 6:00:00 12:00:00 18:00:00 0:00:00

2016/6/10 Time

wll\)ll\) NI T TV 19 19 19 19 19 19191V

250

200

150

100

50

0
-14-1.2 -1 -08-06-04-0.2 0 0.2 04 06 0.8 1 1.2 14
Output Current (A)



T4V —EMBER

EER] e e Fawiko
fip e o oo S RO 1
: , F3ws3011,012,613
tr 3t ] i »
i a1, 12 | E“ el #é E
|- ] B 1 ,
6600V 50Hz vl ! — - ] ! v } ! . 174%%\2
3¢ 3 1500kVA T 1l : I iy S AR e = -
6600V/400V % 2 ! T e ! 1 | ) 1
BEZBE | ERBREER| . : ok 1M ?
0 } 1 I K iy & T T Fds 1
. R . H
o 1 | H {I , I
Lo LT 8 e e Bl g, o
B (V)
é \,{@ : Faw80D 1 ;
P T T P ey A LA PRy |
i h ] Il ] j |
. | ] | { A .
| B2, 2 ! IR N SR — 7 ! » L
- RIEER o o : e ! { Sy |1
- BERN le L e S, O FE SEE PR 3 | : ~rt 1 TS F Y
: @EE’}{{:& : ; L % : : g o [ : PCCT DCGT D 7
: : :—ut«[] L SR :
o 0 | ‘ R - Fawvsg
i .
el Lan } I b 021,022,023 |
= - I + 1
: : -
® Ll D b - i :
. .
SER | (KEKER)
B
AG 100V, 501z, Btd L—xBG o
A 200V, 50Hz, =43 P (B) AC 100V
Linux, CPUEY a-
- _ (ZFmm) Y
EE | (KEKED ; l PSICH I/F AR -
(b ) 24bit - ,
S rﬁ‘é—] o [\ R WA : .
A=t L Ry R DOCTHI LY
ERiES EtiES | )
BIEES BIEES li”ﬂl@
; Vieh Mg CET T
ARCNET : |
[ = G9AgA ) [gAEgE] = ~
A-IRES AF-IMER F 6’. 6kV g]—j—_g;ﬁ
{mhES {uhnyi(ES 5 - wnEE s
s {UhyhiES . Bk py
.'g-hﬂ;] (RyF ) - BN A=Y
e e e e e s e e e = {vnyhiE

1o



DB:PT1S0KN16[1600V,150A)

| i T6lBmF, 400VDC €2:32 F(164 F SOOVDCx 2P)
1 RéTi:3.340,100W ® C-ZVS0.022uFX & CHO50.Tut ey ?"‘: ™ W,F'
D7-PDI0KN16I1600V, 30Ax 2) e 21,02PM2000V 1A T20(1200,2004) CHET085kH e T
ACLZOV 3¢ 900 3660 F(220u F,200VDCx 3P) 32/
RIRIHSO- TESPIEMSOAY v - 48] 0-6] ® @ G0 FIZ200 F.200YDCx 39) PPN HIIMCY A 00
1 S0/60H: RS-T65 @ guamn (18] [ m, o e CTZHACE 2PLUS
30kVA LBt NFSDA Ri~350 A= 900 - m
- 63AF 63AT 30mA HF3050C-S7A k& 3 0 oz o OHRS M 900
[ E— w0 , 11 ® el [’ﬁ" . RERLAE
. i) L b 3 L9 S L folp
“ L?J Ru1|€0 Tres ||| ! | | | HTY ]' ;l EJ G
M ®2_ HS) 2 nl o | | | A . " .Eim sA3 mRESR
o T e e } :.ﬂ l.“ E{! o] wl OF 3005~ 724 | 37,
= i CrMoN 60
L) Iz 1! @ ' ] i llnﬂ ! [ i .
1 D1 ] s - = S I g AT 1720 (2z2m
& MAT2-LLOLMA ' ‘ 2 o[ T [ b n.lFHE: |z ze LJ ©In
¢ 00330 Fx3 LA G
F 1 el I]' il "]}:Hii‘ T ol SATSAZ E”%I
G | ¥ 9
g H Hi B auroholswF eEEESE T o, T L o Bt hL l
IT sn-l -t e~ el 0T l];;;. aib‘ii! ToHON d
Cl A
' o6 #——t fo]E
0.033uFxé - Ry 0
[ e [l 3
wd%‘ iR
R (21) [od
HTHS4 1724 e
# T n»mvgz‘!gﬁaow 2100
" 82 CNZA~ Cs 16 TO0RF, kY —d |
yrran Lpiitit 1 [ [|] t
ELB2 N CN2A~ H H
352‘” ..k_\ NS = N3 ARRERRERD LS Ra [Rb Ra ] Rb ]’,17"*"_
o ‘ 8 omn ot ) o [
NPT L YT AN 0o
L N3~ '}'nc R Re] Rd
_ |
‘c:l_lll_..__ T | [ @i
ACL20V
TOREE i .E'l»l‘,“im Ri.R‘b‘Wﬂiﬂ f3ma
Sk igan S— p— TothatuE Eathootar
AtV ——= )@ @ @ HRE8-BBHG HRE18-BBHG CeCddm Ced0uF
L00VA ‘.-‘
l o
3
CNAMPY < —
on ]
WA 00000 J——J00
el o L5678 123
00 | ACt00Y
w2 z
Es —Ts
(] RY CURI 0 2 4
]
3
o L2 o é ; ;
1 {
3 0]
IPM- IPM-DRV I8~ CR-DIVY CR-DV2
PSV‘IIG'\ 10.FB 1o.MON ALy Auxy
: : i 0000 - — ‘r
! e
- .E'a[ o 00 o AL 00 00 00 [ o 0 &f—-- —-—
w12 23#561 m123£5s7n9 IEEEED 'N;151uzs|n)anwz RTB 1
i e r r F W
—»-——--—-——--wﬁo o¢¢ooo|—l\000006060}-—-\6¢éooéé¢o/—m\06 00 00 00 OO 06 0 0O 0O 00 00 00 0O ©c 6 o 0 0 0 |——r=——m—
W 12 3 L 5 6 78 9 W 1 2 3456 7 B9 W 1 2 3456 71 89 ® 12 34 56 18 910 112 13 15 617 1B19 2021 2223 2625 "’;)’ 14 1T 2 58N 3 &9 @
L ) L ) L ) L / L
T : : yyRTyY o RyYy e
[t PHEATE m ag] 0C AL Fan  Case Trams FM P AL AC iR Be=sm
[Z 1713 ) (AD Power Temp,  Temp. hnp ON o Wl




