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SuperKEKB Operation Summary a: February - March
b: April - July

Peak Luminosity : 3.12 x 1034 cm-2s-1 c: October - December

Operation time
2019a/b 2019c 2020a/b 2020c 2021a/b 6 - 7 months per year
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2020c Operation Summary
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e The 2020c run started on 20th October and

operated for 60 days (2 months).

e The first ten days were devoted to the vacuum

scrubbing.

D06V1 was carbon head collimator (new). We
observed TMCI threshold which was 0.3 mA/
bunch.

BTe parameter was wrong until November 11.
HER background was large until the correction.

D02V1(LER) head was replaced due to damage
(November 18). The vacuum leak was found
during the vacuum scrubbing in the LER. The
replacement process was not good. The
vacuum scrubbing was agin performed after
fixing the trouble.

Beam abort due to misfire of the injection
kicker in the LER. The D0O6H3 collimator head
was damaged due to the beam hitting.

D06V1 carbon head was replaced with tantalum
head during the winter shutdown after 2020c.
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2021a/b Operation Summary
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Year 2021

HER BxB FB noise is fixed.
NIM bin and fanout replacement

l e The 2021a run started on 16th February and

operated for 140 days (4 months and half).

The first ten days were devoted to the vacuum
scrubbing.

We operated with By* = 2 mm to check
hardwares and to test high current operation
safely.

Calibrations of BPM and collimator head
positions, etc. were also performed by using
beams during the first two weeks.

DO1V1(HER) head was replaced. DO1V1(HER)
nead was replaced. The top-jaw was for the
_ER collimator head and it was the short length
in the HER. (March 23).

We squeezed By* down to 1 mm on 10th
March. Beam currents increased with "baking
run”. 1000 mA / 940 mA w/o physics run

HER many aborts from April 20 to May 3.

D02V1(LER) head was replaced due damage
(June 7).



Ring
Emittance
Beam Current
Number of bunches
Bunch current
Lifetime
Horizontal size o\*
Vertical cap sigma 2,*

Vertical size oy*

Betatron tunes v, / vy

Bx* / By*

Piwinski angle

Crab Waist Ratio
Beam-Beam parameter §,
Specific luminosity

Luminosity

Machine Parameters (2020b and 2021b)

2020b : June 21, 2020 2021b : June 22, 2021 Unit
LER HER LER HER
4.0 4.6 4.0 4.6 nm
712 607 /90 687 mA
978 1174
0.728 0.621 0.673 0.585 mA
/60 1270 540 1320 sec
17.9 16.6 17.9 16.6 um
0.403 0.324 um™’
0.285 0.229 m*2
45523 /43.581 | 44531 /41577 | 44.524 / 46.596 | 45.532 / 43.581
80/1.0 60/1.0 80/1.0 60/1.0 mm
10.7 12.7 10.7 12.7
30 40 30 40 %
0.039 0.026 0.046 0.030
5.43 x 103 6.76 x 103 cm-2s1/mAZ2
2.40 x 1034 3.12 x 1034 cm-2s-"

*1) estimated by luminosity with assuming design bunch length

*2) divide *1 by /2




Bunch Length Measurement

measured in 2020c

202012 LER bunch length 202012 HER bunch length H. Tkeda
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, , the luminosity.
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bunch current [mA] bunch current [mA]

nominal 0, (mm) g5 Op Vs Uo (MeV) Ve (MV)

HER : 6.30 x 104 4.54 x 104 -0.0272

LER . /.53 x 104 2.98 x 104 -0.0233




The circle indicates nominal working point in 2021b.
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This resonance is very strong.
Injection background and SR on PXD
are caused significantly. o



Definition of specific
luminosity
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Specific luminosity for By* = 1 mm is improved compared to that of 2020ab.

X-Y couplings at IP are improved by using local correctors with luminosity optimization.
We also use chromatic X-Y coupling correctors.

Bunch current product is achieved larger than 0.5 mA2 with crab waist scheme.



Projection of Specific Luminosity in 2021a/b
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Beam Background and Beam Aborts due to Beam Loss

stored beam and injection beam

radiation dose (serious) at collimators, collimator damage, Belle II detector damage
— risks for increasing beam currents

Collimator Impedance : TMCI threshold
narrow collimator aperture (physical aperture)
The lower threshold limits bunch current.

Short Lifetime
small dynamic aperture and/or small physical aperture (collimators, QCS aperture, etc.)

Beam-Beam Blowup

Is the source of blowup the chromatic X-Y couplings ?

single beam blowup or multi bunch effect ? How about BxB FB gain ?
— Those enhance beam-beam blowup ? How about BBHT(XZ) ?

Insufficient Understood of Injection Beam
emittance, orbit fluctuation, energy spread, stability of injector linac
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TMCI Iin LER




LER Collimator Impedance due to Carbon Head in 2020c T LT
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@KES LER Collimator Impedance

46.5905 (raw)/_46.6013(fit) 2021b Run

Transverse Mode Coupling Instability (TMCI)

Kick factor depends on collimator aperture (vertical).

Amp. [dBm]

2 By k = 36 (V/pC) on June 30
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4/1/2021
. LER bunch current (mA)
collimator
AU o — Toltn )i Byit: _Us opened (for test) 21 fs(E /e)
y,th Iip, = = 1.6 mA> 0.9 mA (measured)
A FE /e 2
) > Bir
8 -
fs = Ty f, =2.3325 (kHz)* The measured threshold is much lower than expected.

The kick factor is estimated by using GdfidL simulator.

* measured value (M. Tobiyama) Simple TMCI formula can not explain I1t. 14



Calculation of GdfidL Electromagnetic Field Simulator

Length(along beam axis) of head : 10 mm

® SuperKEKB LER(f90x220) vertical type, tip length=10 mm, loss-free
— fit: y=(1.24e+15)x**(-1.54)
—— Zagorodnov: A=0.26, alpha=0.23 rad, sigma_z=6.0 mm

1 (V/pC/m)

A

o
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&)

Kick Factor [V-C™1-m™1]
O

Zagorodnov’'s equation

k, = 0.215AZ,c, |——

3
o.d

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Half Aperture [mm] [l. Zagorodnov, Wakefield Calculations for 3D Collimators,

EUROTeV-Report-2006-074 ]

T. Ishibashi
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Luminosity Tuning
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‘ Read File | ‘
Data Fit
Fit Result LumCsl [ -37.7548
Ervor of LumCs 0435
Fit Result LumZDLM 313333
Error of LumZDLM 2274369
Fit Result LumiBele2 -82.5009
Error of LumiBelle2  2.0710E-4
Fit Result HER Size -23.8930
Ervor of HER Size 9956
| Fit Result LER Size -21.6750
Ervor of LER Size 6680
| Fit Result HER Inj. effi. 506127
Exrror of HER Inj, effi. 0020
| Fit Result LER Inj. ffi. -17.2856
Error of LER Inj. effi. 0062
| Fit Rosult VXD Diamond -69.9256
| Fit Result TOP BG, -45.1109
| Fit Result BP Diamond © -4.1995
| Fit Result ECL BG.  217.7728
| Fit Result Duration. [ -36.7832

B fle Edit Window

Scan Start: 2021/4/9 5:6:42

HER IP dR2(mm)

;IL-HuI»

AEE O T

171 0Hlll l[ J1.L| T ”l).li.l?}'

oMW b IO

VXD Diamond
ave(H,L) (blue)

HER IP OR2 (mm)

2021-04-09 05:22:34  Help

~Conditions of data taking

Wait time before data taking (sec)

Preset of data points at each step

Take data depending on beam gate status
* don't care injection mode
" take data when HER beam gate ON
7 take data when LER beam gate ON
' take data when both beam gates ON

3

~Trigger of Data Taking
@ Every Wait Time 7 Cal Luminoaity
@ ZDLM * LumiBelle2
Wait Time [sec] 1
~Rejection of wrong data E—

~ Luminosity Scan

Scan Start

Scan Type
* Usual  iBump V offset
 iBump ¥V angle % iBump H offset
' LER H Tune © LER V Tune
" HER H Tune 7 HER ¥ Tune
© Specified EPICS PV

Specified EPICS PV

PV

Label:

LumCsl . 007
LumZDLM 213333 & | 1.20223E-
LumiBelle2 | -8.2698 = | 001
HER Size 147.2022 = .004
LERSze | -201,5352 * 003
HER Inj. effi. -106.0147 = 002
LER Inj. effi. 605919 = 006
VXD Diamond -12.8323 = 003
TOP BG. [ 127733 + | 1.85092E-
BP Diamond | 4382 = | 004
ECL BG. 107.4689 = 003
Duration -1.3333 = 004

Scan History Pannel on skbcons-04.kekb.kek.jp:0.0
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Vertical beam size2 0,” = u’e, (5

A 52

by

st ) + (77;05)2 + &,

(R% + R As)?

S b eaB (R RAS)

As : waist shift  If As = 0, Ri* and Ry* are elementary parameters to improve the luminosity.

IP X-Y/Dispersion Knobs LER / HER

=
=
=
LJ
IIII|1-I IIIIIIIII|IIII|IIII|II i
—
@)
@
—_
=

. PRI P RAPRAPRPI RAPREPRRUI SIS SR RSP S EPRRPRR PR SRR S
4/1  4/11 ghgmes 5/1 5/11 5/21  6/1 6/11 6/21 7/1
4/21/2021

Ri* and Rx* are almost fixed to optimize luminosity.

R2>* in HER changed due to the QC1P skew quadrupole leakage field.
No iron shield on QC1P in LER

R3* (1/m)
s
T
L
[ ]
.
l i
im

=

R4*
=
o -
=
L L

0.@55—- s
OF sl el — e TR : ——
4/1  4/11 ghgmgs 5/1 5/11 5721  6/1 6/11 6/21 7/1

4/21/2021

R3* and R4* affect beam background.
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IP Chromatic X-Y Coupling Knobs [ ER/HER K. Ohmi, KEKB Review 2018

Chromatic, nonlinear aberrations
* Possible errors to explain measured luminosity
 R1’'=12rad
* R2'=3m

oR1*

0.

-0.

aR2* (m)

-0.
100 times larger for the early

estimation (page 22)

200
150
100

50

}Qn with nonlinear IP aberrations

aR3* (1/m)

-50
-100

= NW
o O o O

4/21/2021

IIII|IIII|IIII|I IIIIIIIII IIII|IIII|IIIIIIIII 1

oR4*
L

1
[ B
o O

'hlnnlnn

~n

4

LSpec (1 0> cm'23'1/mA2)

0 0.05 0.1 015 0.2 0.25 0.3 0.35 0.4 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
® ° ° 2
IP knob is separated for X-Y coupling and chromatic knobs. L (mA) 1. (mA?)

(new knobs) A. Morita

e Sextupole magnet mounted on rotating table is utilized

since March 11 to suppress chromatic X-Y at IP(model).
e Corrector strength and/or BG sometime limits the knob.
e Reduction of Beam-Beam blowup is not clear so far.



LER Chromatic X-Y couplings at the IP measured HER G. Mitsuka
by using TBT BPMs =
0.152 r1 0.0152 r2 0.15; r1 o 0-0155_
0.052— 0.0052— 0-05; 8 8 ° 0 :)51 é:
-o.osi -0.005'3 = —0.055— Q o ; et —é—- _O'ooi_
-0.12 -0.012 -0.1;— ° * _;.Z.:E: r2 o °®
025002 o001 'dop' o001 0002 0025002 —0001 'dop' 0001 0002 Accuracy O f measuremen t 0201 'dop o001 005001 'dop T
i 4 , IS under consideration. i . *
g / a3 T
I
0000z -0001 'dop' ~ 0001 0002 015008 Zo00T 'dop' ~ 0001 0002 25—
IP chromatic knob on IP chromatic knob on
r dr/do r dr/do
-6.034x10-2 -7.764 1.69%10-2 1.644
-6.763x10-3 -1.254 1.317x10-2 2028
1.318 214.6 -0.2772 733.0
-2.319x10-2 45.24 .0.1637 26.81
IP chromatic knob off IP chromatic knob off
_4.634x10-2 -4.379 -2.095x10-2 -25.99
20 726x10-3 22079 1.2x10-2 -0.4769
1678 185.0 -0.5715 652.4
2.563x10-3 37.54 21 00142 Z4-5S




Lifetime




CGLOPT:EMIT_Y

CH1: CGLOPTEMIT Y — CH3: BMLDCCT:CURBEMNT
Wap — 1 * [ T & ] " Haoo
; n,: 1174 current ’
L 5 7o0
a0 1 : we
- .30 | ver. emittance T
: a1y ] .:- G
G0 -SRI - L) om —snng
: i T 4|:||:|:|
3 Np:393 O
A0 ; 30055
o)
znng
BN SPRMONE | RPOROIS SRR * * 39 7851 oo SRRSO :
1 =
) 22 pm {100
oL L | o ; ':D
13hpMmps agh 14hpm g 15hpm agh 1ghpm
B/16/2021
collision single beam
CHS: COpLER:BEAM:LIFE — CH3 BMLDCCT:CURRENT
SD C L .l T T T I I
W 25 -
L L . . .
= | Lifetime
< 20
<L [
Ll L
M 15
r [
w F -
110 PR .
o [ 8 min
Q I
O oL
N T { i
13hpMp® 3 140 g
BA1B/2021

Beam Lifetime and Vertical Emittance

{500

HER
CHZ2: CGHOPTEMIT Y —  CH4: BMHDCCT:CURRENT
L ) L " 1 = ‘=1
- np:1174 1174
a0l
>-| -
= [
= G0
T
=
oL
O 40
I =
:5 e
&
| =
D [l [l [l [l [l [} [l [l
13hpMp® 14N 15N 16N 17h 1gh
BI16/2021
collision single beam

e, depends on bunch current.

CHE: COeHER:EEAM:LIFE

]
=

—— CH4: BMHDCCT:CURRENT

)

o -
(] =
I

cn
=
I

0
=

COeHER:BEAM:LIFE
T T

—
=
IIIII

I | 1 I
.
.
"

D 1
13hgMps 140 150
B/16/207 1

LER HER
B x* 80 mm 60 mm
By* T mm T mm
| 800 mA 650 mA
Nb 1174 1174
b 0.681 mA | 0.545 mA
©y 60 pm 45 pm
collision & &
Ey
4
single 25 pm Opm
e 8 min 30 min
collision
.lfe 6 min 32 min
single

etipi: 2.3 NCx2x12.5Hz x 80 %
Imax= 1.5 A for lifetime: 8 min
(TMCI limit : 1.4 A with np:1565)
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Ax/o,

Ax/oy

50

40

30

20

10
-30

LER: CW 80 %

Touschek Lifetime: 453.4 sec

800 mA/ny:1174

single beam

Touschek Lifetime: 446.9 sec

50- 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1
- single beam 800 mA / ny:1174
40 —
L with collimators
- g, =25 pm
30 —
- 3 7.45 min
A | 2 E ]
20— e e et S—— —
10f _
: '; I I B B | I [ R B xlﬁ?’i b-0-b-0-d I b-0-b-0-b-0-4 :
-30 -20 -10 10 20 30

0]
5/06

Tracking Simulation

LER : CW O ¢
CWO0 % No Machine Error

Touschek Lifetime: 1575.3 sec

S T L L I L L I RN IR
- single beam | 800 MA / np: 1174
- no collimators - — 25 pm -
><3@;- rrrrrrrrrrrrrrrrrrrrrrrrrrr é rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr S A (5 I R —
o I E
S~ é
X @
a |
20— o N I T S
10f—
I | §
- s ;
Obebobsbobobeaii I SR I
-30 -20 -10 0] 10 20 30
5/05
- Touschek Lifetime: 672.8 sec
L I I L I L I
i 1 Touschek litetime
[ single beam 800 mA / ny:1174
2ol S b 1 is similarto CW 80%
with collimators e, = 25 pm 1 with collimators.
L — SSNUREAS SN, PSSR NS O  — -
o [ 11.2 min ]
~ i 3 5
> B 5 ﬁl la ; 4
a @ AR .
20— g " ‘i- . : . .
i > The simulation is consistent
o NN with the measured lifetime
g for CW 80 %.
_ i 5?’ .
-30 -20 -10 0 10 20 30

0/05 24



Ax/oy,

Ax/o,

35

30

25

20

15

10

49: 1T T 1 I 1T T 1 I 1 T 1 | 1 T 1 | 1 1 1 | L L L I T 1 T 1 I T 1 T 1 : 4@: rr | rrr | o | rror | LI B | | LI B I LI B B | LI I | :
— “no collimators" 8y=40pm— o collimators s>}=40 pm 3
- i i A T - - é 5 5 5
: “4 .5 57.7 min ; 2 WA 67 min
- SRR 5 a f o e Vo ‘ :
— Py "““{ .a-;’.'ix:j', " = 15— . = e =
- = 10F- =
E_ ‘ 1 : _E E_ E : ‘-'1.'%;., —E
N 1 | I I | I I I B | I I R B | I "I I I | | 'Ry y N i | [ T B | | [ I | | [ I I | | [ I | I [ I Y | t_‘_‘_‘_._-.

Tracking Simulation

° (o) ° (o)
HER : CW 40 % HER : CW 0 % No Machine Error

Touschek Lifetime: 3461.5 sec Touschek Lifetime: 4013.9 sec

()
(o)

-20 -15 -10 -5 0 5 10 15 20 -20 -15 -10 -5 0 5 10 15

5/05 5/06
Touschek Lifetime: 2789.7 sec Touschek Lifetime: 2793.3 sec

R L B B e I O T T T T T Touschek lifetime

: : s ; : ; : single beam | . :
35;_S|ng|ebeam650mA/ nb1 174 _ 35 9 650mA/nb1’I74_ i similar to CW 40%
3oi—withcollimators SR NS S 30 with collimators gy = 40pm e — with collimators.

; & : 46.6 min :
20F ~ 20 _

: 3 J N, :

15 - The simulation is longer

than the measured lifetime

 forCW40%.
W, . 46 min> 32 min

1|
f | [| I il 1 1 I 1 1 | [ | - 1 1 | 1 | [ | I |

-20 -15 -10 -5 0 5 10 15 20

10

IlII|IIIIIIIIIlIIIlIIIIIlIIIIIIIII|IIII
E




Ax/oy

Ax/o,

Touschek Lifetime: 628.4 sec

50- 1 1 1 | I I

.0 single beam

no collimators

30

LER : CW 80 %

BEREEE I
800 mA / ny:1174
ﬁ‘ %ﬁ ;E&,== 60 pm
: FAT—— : ' -
| [ | ;
. #ﬂix“ - 10.5 min

Touschek Lifetime: 628.4 sec

50_ 1 1 1 1 | | I 1 | I 1 1 1 1
- single beam \ 3
40_— 5 : 800 mA / nb11 174
- with collimators Q ; :
;| R —— & = 60 pm -
- LER : CW 80 % | |
I | . A 10.5 min
i ' ' A% ‘
_ Jﬁi 3 ;i
10— N —_
i o Wl .
" .? | i i TR R B ‘Tﬂ:‘"......L....'......
-30 -20 10 0] 10 20 30

10.5 min (sim.) > 8 min (meas.)

Touschek Lifetime:

650.4 sec 10.8 min

50— I I | —
40:_With beam-beam (W-S) 800 mA/ ny:1174 -
L no collimators ‘ : gyLer = 60 pm ]
30— .._””ifﬂﬂ i
S [ LER:CW 80 % Iy :
- pl 650 mA/ np:1174 ;
‘o  EyHER = 45 pm -
10— ‘ :
I | ‘ﬂ' \?éh | |
-30 -20 . 20 30
Ny Touschek Lifetime: 2353.9 sec ©7-2 MiN
LA AL L N AL BN L I
- with beam-beam (W-S) 800 MA / ny:1174 -
40— Y _:
- no collimators St guer=60pm:
_ o . ]
s °FLER:CWO0 % _.<~ S -
% ) 50mA / np:1174
< e y L _
NER = 45 PM
10— ” _
_ vy ;
-30 -20 10 (0] 10 20 30
6/05 26



® LER

Lifetime and Vertical Emittance

® ¢&/is22pm - 25 pm for the single beam.

® &y increases up to

at 800 mA(0.68 mA/bunch).

® The DA can almost explain the measured lifetime.

But the significantly. The collimators make

small difference between CW 0 % and CW 80 %.

® The lifetime is

for collision at 800 mA. It is quit shorter than what we expected.

® In the case of no CW and no Collimators, Touschek lifetime depends on gy in the tracking simulation.

® HER

® ¢gis

® Beam-beam blowup is mild. It is from 40 pm to 45 pm at 650 mA(0.55 mA/bunch).

® The
® The

significantly. It is same as the LER.

(32 min < 46 min; vacuum lifetime not included )
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Beam-Beam Blowup



High Bunch Current Collision

small number of bunches n, : 393 (12.25 spacing)

TIITTT

£+ (LER)

lII|III|I III|III III|III|'I III|III

16"20"0°
7/1/2021
We observed large beam-beam blowup in the LER from

40 pm to 250 pm.
® |t depends on the HER beam current.
® Horizontal emittance also increases in LER.
We consider coherent beam-beam head-tail instability
(BBHT(XZ)) and/or dynamic beta/emittance effect.

[
N

[
(=)

ha
I _ :
-l 1 | [ 1 1 [ I 1 i [ [ I 1 ] [ 1 I [ [ 1 [ I 1 [ [ [ | [ [ [ 1 I [ -.

0.3 0.4 0.5 0.6 0.7 0.8 0.9

Horizontal emittance (XRM) (nm)

Bunch current (opposite beam) (mA)

400 II:I 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | I

100F

,
7] S S S =
300f =
250f =
2005 —
1sof —

]

Vertical emittance (XRM) (pm)

0:1' 1 I 1 1 1 1 | 1 1 1 1 | 1 1 Ll I 1 1 1 1 I 1 1 1 1 I 1 1 1 ] | 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9

Bunch current (opposite beam) (mA) o
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The horizontal emittance in the LER depends on HER beam current.

HER beam current changes with
fixed LER beam current to be 340 mA.

12_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 -6
7~ - :
& i )
= 10_— —5 r
N - O
E i i X

81— —4 =
5 _ - ()
Q - LER ] «@
C 6l —-3 ?
I i - 3
.': L 7 1
E i N

7))
v 41— —2 A
— i - ~
2 1 3
C . - >
.g 2_ _1 N
(U - - &
L - :
] | I [ [ | | I [ | | | I [ | | | I [ | | | I [ | | | -0
8.4 0.5 0.6 0.7 0.8 0.9 1

Iver / Iter  (ILer = 340 mA)



Collision with small number of bunches (393 bunches)

Y6
L
x 2
= Q
— = =
= (O
E -
_ beam-beam = =
w blowup ) S
= m
3 |
> =
N o,
af
Vertical emittance is _
measured by X-ray Iher/ILer (ILer = 340 MA) Bunch Current I (MA)
beam size monitor.
e The beam current ratio is kept to be : T ver = 5 1 4 (circle)
- e Beam-beam limit was observed at around 0.03 for HER.
5 e The bunch current ratio can be optimized to improve luminosity.
£ e The optimized ratio of beam current is 10 : 7 (triangle) at Ip+ >
008 0.8 mA. §
s, beam-beam - 2erefy+ L
504 1.2 x1034 cm2s-t at 0.57 mA2 (393 bunches)
™02

4.78 x 1034 cm-2s-1 is expected
for 1565 bunches.
(Iter : 1.4 A/ Iher : 1.0 A)

0
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Operation Issues



LER Collimator
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HER Collimator

wb 2021 | dy(mm) By (m) Nsig
& : : i : i : i June 16 E: 45 pm
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History of Specific Luminosity

0.45-0.50 mAZ2
0.40 - 0.45 mAZ2
0.35-0.40 mAZ2
0.25-0.30 mAZ2

< 0.20 mAz2

Co

HER BxB feedback gain (vertical)
decreased. Swing shift on May 9

HER many aborts D02V1 collimator
(Noise affected BxB FB) head replacement
< > <+—>
2021ab
____________________________________________________________________________________________ L SRR, JUSUI I A

______________________________________________________________________________________

2nd oﬁ—resonance:

e HER
5 1st oﬁ—resonance; change v 5 5
(-60 MeV) I Vy
(43.572 = 43.578)
___________________________ "ttt L

______________________________________________________________________________________________________________________________________________________________________
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More detail of L,

[
(=]

Lsp x1031 (cm'zs'l/mAz)
@ o

=

I,.I,. (mA%)
o

=

.1

0
Gh

HER
change v,

Swing shift on May 9
43.572 = 43.578

' ' ' '
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0"e® 3/3
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5/2/2021

5/12

HER BxB Feedback gain (vertical) decreased.

off-resonance (-60 MeV)
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Linac energy FB  maintenance
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BxB Feedback Noise in HER

HER BxB FB noise is fixed on June 30
after NIM bin and fanout replacement.

D02V1 replacement l

and maintenance

0.b """"""""" _ """

May ?;’operation tune

—

fnoise 0.5FR

Ik

0.54
I S ——
0.5 ' 0.5
qhgtgs = 511 B2 7i
T A P IGPF:HERDV:SRAM:PEAKFREQ2

M. Tobiyama

We operated vy, = 43.572 until May 3 and the noise affected BxB FB,
then we got many aborts when we increased the beam current in HER.
The noise moved away from the working point on May 14.

May 6, 2021
B File Edit Window o 2021-05-06 16:57:34  Help ~
HER Pilot Bunch Tunes

45
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Tune History: Optics degradation H. Koiso
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1. 3/28 Magnet PS QC1LE Charging Volt I/L Trouble . 4/26 Off —> On-resonance
2.4/19 QCI1LE quench . 5/10 QCI1RP & QC1LP quench

3
4
(4/21 On -> Off-resonance) 5. 5/12 Maintenance
6. 5/14 QC1RP quench
7

. 5/23 QC1RP & QCI1LP quench

Discrepancy between model and measurement of v, increases rapidly after QCS initialization with optics corrections.

When we skip the QCS initialization, the discrepancy becomes small. QCS coils move slowly or field/orbit drifting ?
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Optics degradation H. Sugimoto

Optics correction after QCS initialization on March 29, 2021 April 2, 2021 (five days after optics correction)
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Implementation of BBA in the FUJI section

Leakage vertical dipole field
from Lambertson
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Orbit in the Injection Section in LER

H. Sugimoto

Residual dispersions becomes small
in the FUJI section
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The vertical emittance did not change so much.
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Hor. amp. (ADC)
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Leakage Orbit due to Injection Kickers

Large orbit leakage due to injection kickers is observed
in the horizontal plane after injection in the LER by using
BOR. Positions of all bunches for 4096 turns are stored.

Problem is that pulse shapes (half sine) are different
among six injection kickers.

This might be beam loss (BG) at higher beam current and
source of instabilities.
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Orbit of Injection Beam measured by TBT BPMs in LER
sample-1 Bx =24.42 m

"""""" ‘ Horizontal injection error: Kicker leakage orbit (stored beam):
o O S i A 2J, = 1.47x10-6 m 2J,=5.56 x 107 m  1/3 of injection error
‘ SR .,,;'.___.-‘-.'_-,_.__.".-._'._'_-..-..,3.,_.-.-.'._-_-..._-; QC2LP (O) : radius = 30 mm QC2LP (O) : radius = 30 mm
e e L By =163 m. Ax=15.5 mm Bx =163 m. Ax= 9.5 mm
H H H | H\ H H H H D06V : half width = 6 mm D06V : half width = 6 mm

By=14.6m. Ax=4.6 mm Bx=14.6m. Ax=2.9 mm

40 60 80 100

MQEAP25
Oscillation is damped in 250 turns

sample-2 sample-3 Bx =24.42 m owing to BxB feed back system.

I 1 1 Ll I 1 Ll Ll I 1 Ll 1 I Ll 1 1 i T T T T T T T T
s z z . N T

[

X [mm]

|
*
'
*
A
L1l l.l.li.l-l 11l
X [mm]

L
. s i
Illhll rryrrerrprrreyprerryt'
o 17
¢
.

i i
= = =
M i - i . - i
I“ TTTTTIT T I rrary T LI T

| .
;,..
.
'

y [mm]
Pl
el
s
o ow "
B
s
s
R
IR
Lt e
s
HE Bl
.
¥
. y [mm]
N
Ln
|Illlr!!4I
I -
IR !
IR
.
i
AR |
A T
e
e

charge
[
o=
LN =
m o= o=
@ [
) By = LA
E
charge
[
= =
LN ()
m = = =
) = o
= EE = LA PJ
T .
+ .
_ . "
R R N
5 .®
T ™
L % i o .
: ™ .
L LI ) -
- .
BUSNE SUS oS SOV N DU S
L .« L .
. '. .
Il | . 1
s . -

60 20 16@ 0] 100 200 300 400 500
MQEAP25 MQEAP22 # tUrNS MQEAP22 # turns 4.



@EKj BPM Position Reading and Displacement Sensor

We noticed the relationship between BPM position reading near sextupole magnets and beam current.

We figured out a sign of the displacement sensors was wrong in the Tsukuba straight section (D1 and D2)
for LER and HER. This was since the beginning of SuperKEKB. We confirmed the definition and
corrected a sign of the sensors on April 21, 2021. sensor

The displacement sensor is to correct the relative mechanical movement of BPM for the neighbor
sextupole magnet.

before modification (SLYTRP1) after modification (SLYTRP1)
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= 015 BPM position reading T M 700 g
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H. Sugimoto
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Orbit in the vicinity of the IP

The IP knob uses QK*. Therefore, the orbit is induced by IP knob changes.

Alignment of QKARP and QKALP is difficult.

-0.7 mm

LER offset  OTTS€t  QC2RE HER
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+0.7 mm N /
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=
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‘ offset
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Zero

MQCI1LP MQCI1RP
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) )

MQC2LP -1.5 mm -1.0mm  MQC2RP
offset offset




2020b

Set 2: 06/21/2020 16:00:00

- : — .
= : — — -
o ' o ' — -
—— "‘"1'.," ST gy ]
» o 'y : - . .
- _— 3 . o e -
= " h, : -~ s
— — " ]
il -~ 1) ‘.ﬂ - i
= __\_‘___ _.--r'- ~I llll l& __.-" -
—_—— - — y , -
- T I"..-"{ i - -
C LE y L -
C 1 b - .
- : b L -
: -

= : - -
. | | i I i | | i I i | | i I i | | | | i L
1 T T I T T T T I T T T T I T T T T T T |
- : e : -
— R s - -
- — s .
- I“a" " -
L e L I N T ’: 777777777777777777777777777777777777 : 7777777777777777777777777777777777777777777777 o m T e e e —
- Pl | - -
- ."" ' : -"'-|._|__‘_ -

# ' - =
- ""\.‘__h .-"" ‘ -
C . - : -
e . o : —
- T -~ : : : -
- \ P ‘ ‘ ‘ -
- ", -~ : : : u
- " - X X . =
- . : : : -
- . g : : : -
- ™, - ' ' ' -
- ", - i i i -
oy i | I i l@ I i i i i I i i i i I i i i i I i i i "=

bl
JNIBRR

QKDRP IQKBRP QKARP QKALP

L°dl

ddL310
d1LO710

}
E=
- d1€2710 %

R

QKCLP  QKDLP

d4€270
—

QKBLP
QKERP QKCRP QKELP

LER

set 1: 06/22/2021 18:00:00

2021b

We adjusted the vertical orbit.

1 1
__.-l-_

1 |

1 1

d4E0T10 i
ddzo10 %
d4dLO15 ﬁ




IP X-Y Couplings/Dispersion Knob and Beta-Beating in the LER

The beta-beating was induced by orbit change due to IP knob ON and OFF in the LER.
Skew quadrupole magnets (QK*) misalignment seems to be source of the beta-beating.

ABx/Bx (%)

DBy/By (%)

Agy (rad)

Agy (rad)

LER IP Knob OFF

LER IP Knob ON

H. Sugimoto
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Measured beta-beating due to orbit change H. Sugimoto

May 12 (before) June 18 (after)
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Orbit distortion due to IP knob ON and OFF becomes small after using ZHQC1RP (one of QCS horizontal dipole correctors) .
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Horizontal Angle at the IP and Horizontal Dispersions in the HER H. Sugimoto

150 prad
Horizontal angle at the IP is 690 prad to reduce SR background on PXD. Optimum
Horizontal dispersions induced by the orbit are corrected in the Tsukuba section 110 — | l |

oy using quadrupole magnets near the LCC sextupoles.

¥y — T T T I
) ole rin
g 90
d o é . NAAARN P A AN A AN A
% 0 -;. A \/’ \/ A\ ‘/\J" ~\"'f VNS > N7 \_( \.‘1I \
3 -100f-

o0
-

-200F
3 300 T T ' T T |
0300 200 .
i r
0.005 /4 L)
] o A & h’ J | /. % e o ssq
e 4 [ ) ! .I'4 £ e
~ C o » ¢ @ | / . % 3
x -100F - -
-0.005 \ P |/ g w
-200:— p p's B
-0.0 I " " " " | 4 " " " | i " " " | " 4 " " | . . i " | " 4 t ]
2 is@@ -1000 -500 0 500 1000 036(]_ +—t { +—t—t— { +—t—t— % +—t—t— = —t—t— = +—t

NI

O Lo REC L

Residual horizontal dispersion [mm]
. |
-

| i ]
m m v T I il = 0.005:- J | :
g g é § _E_ g § :; 0"' B it S '-Il"l' l"I" '|l'"]"|'n"-"'""|' "'\'I"I'"" == '-""'-"% 40
_0.@1:. .-2100. — ,_1100. W— é) VE—— ‘1(!)0‘ - .zéel - 30 I I I |
il * 90 290 490 690
J82 2 §Ehc IP horizonal angle [micro rad]
2020/05/11 Expected after the correction
Estimated ArgS@LF\’(STLL*C[TmIHB( 1y | [Estimated A%?Lﬁfc[ﬁnm] ~ 0 The optimized horizontal angle is 150 pyrad at the IP.
e BN =U, 3 [ B0, — . . . .
PSLYTLC.2 : -77.3/ -0.6 PSLVTLC 2. -89/ -0E ne rms residual dispersion will reduce from 33 mm to 14 mm.
PSLXTLC.1: 366/ 1.3 PSLXTLC.1: 6.7/ 1.3 T - - : .
T e e ne residual dispersion at the LCC sextupole is also reduced.
PSLXTRC.1: -75.44 15 PSLXTRC.1: -?229/ 15
PSLXTRC.2: 755/ -1.4 PSLXTRC.2: 231/ -1.4
PSLYTRC.1: 930/ -3.7 PSLYTRC.1: 389/ -3.7
PSLYTRC.2: -850/ 1.0 PSLYTRC.2: -41.0/ 1.0

52



@EK_B, Continuous Orbit Correction

We changed the horizontal orbit correction algorithm.

The integrated horizontal kick angle was not constant sufficiently before 2021a due to poor accuracy of convergence. So we modified the
algorithm to guarantee the constant value for the total horizontal kick angle.

(We had minor bug at the beginning of 2021ab, we fixed the bug.)
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@g;; Operation Statistics

C;_J

2020 a/b

Maintenance day is every two weeks.
Maintenance is usually until 17:00, the injection tuning

for SuperKEKB starts following PF and PF-AR.
Startup with stable operation of injector linac is a key
to resume SuperKEKB as quickly as possible.

@ Physics Run @ Machine Tuning @ Machine Study @ Physics Run @ Machine Tuning @ Machine Study

@ Troubles Maintenance, Others @ Troubles Maintenance, Others

2021a/b

We developed a resumption strategy to reduce machine tuning
at a startup after maintenance.

@ Physics Run @ Machine Tuning @ Machine Study
@ Troubles Maintenance, Others 55



QCS Quench
and
Collimator Damage




QCS Quench List (except for earthquake and PS trouble)

LER: 836 mA / HER: 819 mA

Y4

/19 (MO) Ow 107 HER QCILE HER D0O9SV1 damaged
5/10 (MO) Day 14:26 LER QCILP, QC1RP LER:LI?S%B“ZAV /1 ';Eﬁ;agig mA
5/23 (SU) Owl 8:24 LER QCILP, QC1RP LER:LSSGSDB"'& /1 ';Eiiagz mA
5/28 (FR) Owl 3:21 LER QC1RP aii 534[)8“& /1 ggﬁ;azz mA
6/2 (WE) Swing 20:13 LER QC1LP, QC1RP LERLSQODB"ZA\/ /1 ';Eri:agg mA
6/6 (SU) Day 16:06 LER QC1LP, QC1RP LER: 838 mA / HER: 677 mA




LER and HER Abnormal Beam Abort H. Nakayama

2021-06-28_19-43-19 99839  gap man typical samples 2021-06-28_20-28-10_99845 209 mA.
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integrated dose (10us+50us)
BP_FW_35 78.2mrad
BP_BW_ 35 207.8 mrad
BP_FW_145 60.0 mrad
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Beam Abort due to Injection Beam
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S. Terui
T. Ishibashi

Movable collimator to reduce beam background
Y. Suetsugu

Damage due to beam loss | |
Vertical collimator: DO2V1 (LER)
tantalum (Ta) head with 10 mm long tip
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Stored beams hit the collimator head
due to misfire of injection kicker.

June 8, 2021
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@Ef, Summary of Machine Operation

1. Difficulties of increasing beam currents

e Abnormal beam abort with beam loss; no oscillation, very fast beam loss within a few turns. Damaged collimator head
enhances the aborts ?

e Collimator aperture (physical aperture: PA) is narrow which is smaller than dynamic aperture (DA).

e Short lifetime in the LER; Crab waist reduces DA. However, the aperture in the LER is PA = DA.

e |ower "TMCI" threshold; 0.9 mA/bunch, large tune shift of single bunch ~0.013 > half of synchrotron tune in the LER

e Synchro-beta resonance structure; good working area is small. Luminosity and DA is compatible ?

e Injection kicker leakage orbit in the LER; It becomes a source of instabilities. Beam loss is proportional to stored beam
current. We measured the beam loss owing to orbit oscillation using BOR.

e BxB FB in the HER; noise effect (fixed) and feedback gain, feedback gain and luminosity.

e Stabilities of linac injector; Many types of feedback system should work sufficiently. Stability of injection system; septum
and kickers, especially HER septum behavior.

2. Beam-beam blowup

e Effect of chromatic X-Y couplings is still unclear or IP knob is not sufficient. Rotating sextupoles in LER is effective.

e Beam current ratio between LER and HER affects flip-flop of the beam size.

e We prepare Bx* = 60 mm lattice in LER (current Bx* : 80 mm) to cure BBHT(XZ) if necessary.

3. Beta squeezing (not performed in 2021ab)

e Down to 0.8 - 0.6 mm is necessary to improve luminosity. Training process is needed. (It takes time; see By* = 1 mm)
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