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e SuperKEKB;

o Interaction
e An upgrade of KEKB B-factory (KEKB). e . Reglon Belle |l detector
e High-luminosity electron-positron collider to PP — =<4
seek out new physics hidden in subatomic _--_ & = —— 5
particles. ,,.»"/ electron ring e
 Main ring (MR) is composed of @ HER Main Ring
Low Energy Ring (LER); ™ r r
4.0 GeV Positron, 3.6 A % — 9 --—"" /
High Energy Ring (HER); LER™~ \
7.0 GeV electron, 2.6 A positron rmg* 4‘ electron / positron
e Design Luminosity : 8.0x103% cm2.s1 - f@ !inearinjector

v 40 times maximum luminosity of KEKB
v Twice beam current of KEKB (x2)

v" Smaller emittance for nano-beam collision
scheme (x20) \\
v Over a period of 10 years, a 50-fold increase in

integrated luminosity relative to the original KEKB SuperKEKB
is expected. P

positron damping ring
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* Proposed by P. Raimondi at INFN-LNF for the Italian SuperB T

project around 2006 and tested successfully at DA®NE.

* Implemented at SuperKEKB, for the first time, with low-
emittance beams on a high-energy collider.

SuperKEKB

* To avoid Hourglass effect:
* Beam bunces collide
v With sufficiently small &, *.
v At a large horizontal crossing angle.

* The longitudinal size of the overlap between colliding
bunches is much shorter than bunch length.

, I - I, _ .
L~ Y ( iiﬁ) L o< —= * Itis possible to squeeze £ * much smaller than
) 2ete \ By+ : 2 Py+ bunch length.
. ) _ L 1 * Luminosity increases in proportion to 1/,3;.
&+ ® (roNz/2my 10, o5f) ‘% Lspy = X =
L constant N nply_ Iy Byy
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2020/May

2017 /September/1

E
|
Number of bunches
Bunch Current
Circumference
Ex/&y
Coupling
Bx*/By*
Crossing angle

Kp

Vx/Vy
Uo
Txy/Ts
Ex/Ey

Luminosity

LER HER unit
4.000 7.007 GeV
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 0:zero current
0.27 0.28 includes beam-beam
32/0.27 25/0.30 mm
83 mrad
3.20x10-# 4.55x104
7.92(7.53)x10* 6.37(6.30)x10* 0:zero current
9.4 15.0 MV
6(4.7) 5(4.9) mm 0:zero current
-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
8x103° cm-2s-1
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e Phasel operation (2016.Feb. ~ June); * Phase3 operation (2019.March~);

e Vacuum scrubbing, low emittance beam tuning,
and background study for Belle |l detector

e Physics run with fully instrumented detector.

installation e Phase3 2019ab (2019.3~7)

e w/o final focusing system (QCS) and Belle II e “Status of Early SuperKEKB Phase-3 Commissioning” by
detector A.Morita (WEYYPLM1) @ IPAC’19 (2019.5.22)

* Phase2 operation (2018.Mar. ~ July); * Phase3 2019¢ (2019.10~12)

* Pilot run of SuperKEKB and Belle Il w/o pixel vertex * Phase3 2020ab (2020.2~)
detector (PXD) v New nomenclator of each run of Phase3

e Demonstration of nano-beam collision scheme “Phase3 YYYYxx” [ @ :Winter shutdown - March

A b : April - Summer shutdown

* Study on background larger than at KEKB due to 1 b - Winter shutdonr - Summer shutdown

much lower beta functions at IP. Calendaryear | .. symmer shutdown — Winter shutdown
Phasel Phase2 Phase3

April is beginning of Japanese fiscal year.

2016.02 - 2016.06 2018.03 - 2018.07 2019.03 -
SuperKEKB project history

Upgrade
KEKB — SuperKEKB
Belle — Belle Il
2010.06 2016.02 2017.04.11 2018.04.26 2019.03.1 H I i
hutdown KEKB/Belle Start SuperKEKB/Belle Il Belle Il Roll-in First Collisions Phase3 Start FIrStLhadl;ole event I'n the Ph'ases qugab
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e Mission of Phase3 2019ab operation;

Starting full-scale physics run with fully
instrumented Belle Il detector.

Accelerator and collision tunings with
lower " for higher luminosity.

v ,By was already squeezed to 3 mm during
Phase2.

e Overview of Phase3 2019ab

From 11/Mar. to 1/July.
Started with vacuum scrubbing.
Collision tuning started on 25/Mar.

3-week interruption due to fire accident in
Linac building (3/Apr. —26/Apr.)
Commencement of continuous injection in
both rings from May.

* |ncreased the integrated luminosity.

Beam Current [A]

L [10°% em™s7!]

Spec L [10°Y]

B, =8mm, B"=200 mm B =

(For high current study) ﬂi*
= 200 mm/100 mm (LER/HER) 2{; 2
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e Overview of Phase3 2019ab (2019.3~7) (cont’d)

e Beam current:

e For physics run : ~660 mA(HER)&~620 mA(LER)
e Maximum : 830 mA (HER) & 940 mA (LER)

* Beta squeezing:
* Physics run was mainly done with

Beam Current [A]

B, =3 mm
S =100 mm(HER) & 200 mm(LER)
* /p, were squeezed to 80 mm/2 mm at last.

 Luminosity : !
e Peak Luminosity w/o Belle Il detector taking Y
data: 1.23x103* cm=2-s7! -

e Peak Luminosity w/ Belle Il detector taking %
data : 0.55x10%* cm™2:s7! F

e Total Integrated luminosity : 6.1 fb~! d

B, =8mm, B"=200 mm

A

1 I s e S )
0.8F bontinuous injegction =
0.6F =
“ AL |\|\ -
’ ; ﬁ'!!@m”"!” !!. |1| L ni. (WL AT _;
0.8 E
0.6 :%
0.4F 3

=) T L4 -
0.2 ” . ol E
N 11,8 m Hll Bl Wit | Ve

i SO
0.8~ collision started-on 1.23x10% em st —
g:z%: 25" March 0.55x10% cm 2. T——51% :%
0.2 v -
Gg;_ — ,»r] —t l ——t I — l _E

‘ 40;_ L _i
N TV D . E
ohemes ) 4/1 ) 5/1 6/1 7/1

3/1/2019
vacuum scrubbing fire in injector Linac building
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 Luminosity and beta squeezing;
e Collision tuning was mainly done with
B =3 mm& =200 mm/100 mm (LER/HER)
* Peak luminosity = 0.55x10% cm2-s7*
 at~600 mA
e with 3.06 RF bucket sp./1 train/1576 bunches
o ﬁx*/ﬂy* were squeezed to 80 mm/2 mm on 21/June.
e Peak Luminosity = 1.23x10%* cm=2-s71

e at 830 mA (HER) & 820 mA (LER)
* with 3.06 RF bucket sp./1 train/1576 bunches

e Belle Il could not take data due to high background noise.

e Running time required to reach 1.0x103* cm=2-s~1 was 200 days
e 1/5 of the time taken by KEKB.

* Specific Luminosity (Ly,) Increased in proportion to l/ﬂy*
e Nano-beam scheme collision worked well with ﬂy* =2mm !
e Beam-beam parameter can be kept even though ,By* was squeezed.

* Slow degradation of specific luminosity with a increase of bunch
currents.

e Beam-beam effect increases the vertical emittance,
reducing the specific luminosity.

IPAC'20 Virtual Presentation
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e Integrated luminosity during Phase3 2019ab was 6.1 fb!

e ~63 % of delivered luminosity was recorded.

e Continuous injection helped to increase integrated

luminosity.

e Continuous injection in both rings commenced from May.

* Increased the integrated luminosity by 237 % compared with the

normal injection.

Normal injection mode

8. 35 T T T T g
0.3 2 3250|
6.25 J200| &
0.2 Jieq 5
2150
= |8.15 3. =
= ~d100|F
=| 0.1 3192
g |0.05F -0 =
1 — | — = t Ao
I R e S B S B S S——- L
. LE E|
E| 0.3 —158| =
& |0. 25 E E
026 —1ea| &
0.15F= 2
0.1 50 | =
I N e — N = =
0-05E= 1 1 ] 1 3
1 a
0.9 1«
< 8. 25F= -8 ﬁ
o E E
g | 9.2F- —f z
o | BL.15E— EN a
B ot -
E 2 &
= |g.05F E| 3
| | I | I Joe B
- B T T T T T -
2 30 —" X . ; -
S| i :—H\\_ fn_,..w-/"”"'"‘“""" Gl 1\ __Jm-\r'“’\"\“‘ . A qpeanteid e, .
= 18— . —18
14 1 1 1 1 1
&
21""e® 30" 22" 30" 23" 30" ahe™

5/4/2019

2020/May

[ady] 1w

Integrated luminosity
237 % up !!

IPAC'20 Virtual Presentation

10
8 | l 63%
2 gl ! Recorded
— | -
E | ™ 6.1 fb?
2 Al
":':; I o
£ i A
| -
2
»
I i
5/1 5/14 5128 6/11 6/25
Date
Continuous injection mode
) oL, .U S RS, S S B, .S RS S R 3790
u.a%—HF‘K _5250 c 10°
E —200| & L
9.35— _;150 § LI
= 02k 108 E | 07
2| 0af A £
é N === : . : ; !
c.l:_' El.l'l;— —:150 E )
u.s%— _zm‘]% 0%
_ u.;;— I 1 I I _é:"xlrj 16
e 1 ks
g 0.2;— =3, Eg
2 oaf 4 5
— I ; t } o =
:ﬁ_ 10— ; ; ; ; —=10
21%"0® 30" 22" 23" 30" ahg"
5/24/2019 5/25




e Fast beam losses leading to collimator damage;

* “High radiation dose to Belle II” and “QCS quench” due to
subsequent beam showers hitting the Belle Il and QCS.

 The beam instabilities developed extremely fast, only in a few
turns.
v A possible cause of the beam instability is a falling dust particle in LER.
v’ Detailed mechanism is not known.

» Faster beam abort system and additional robust collimator
with lower Z material are required.

* High detector background

e Dominated by beam-gas scattering in the LER.
v’ Limits the beam current and minimum 4.
v’ Jeopardizes the integrity of the detector.

* Frequent injection background bursts
v' Seemed to be due to “rogue pulses” in the Linac/BT.

v’ Limited the Belle Il operation to a greater extent than the steady state
(DC) backgrounds, which are mostly from LER beam gas scattering.

» More vacuum scrubbing (LER), Linac tuning and injection
tuning are required.
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\ e

.. Jemperature of abnormal bellows . .
LT " T T T L :

e Abnormal RF-shielded bellows of IP vacuum chamber;

e External wall temperature of one of four IP-bellows rose up to more
than 60 °C at high current.

* As aresult of internal check with a fiberscope after Phase3 2019ab
operation, it was found that 3 RF fingers were out of normal positions.

e During Phase3 2019ab operation, It was also known that one BPM cable
was disconnected to BPM electrode.

3.06sp, 1576 bunch

@
=
Wl |

Temperature [°C]

= | 14539 =T = e Be”e
.‘Ii\'. 2 -J:.” i _"‘ =

i 8 ﬁ
X Y e & - i B =]

o fiberscope was pushed from here.

o TR ,EELL s
> C
/i " § oy I_J

IP bellows chamber
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 Replacement work of IP bellows and BPM cables;
e QCS was pulled back from Belle Il detector.
e Bellows chamber and damaged BPM cables were replaced.

» After replacement work, soundness checks of bellows and BPM
cables were performed.

e RF-fingers may have come out from their normal positions during installation
work before Phase3 2019ab.

 BPM cables may have been damaged during installation work before Phase3
2019ab.
- -l =
2d backéf g Bellg I‘IJ%Eetr:

i
}
o
S
-’

llows chamber

Be
IPAC'20 Virtual Presentation
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e Replacement of damaged collimator head (D2V1) and in-situ baking;
e Detector background was dominated by beam-gas scattering in the LER.
* In-situ baking was a countermeasure against high background noise.

Installation of new BPM just before injection point (HER).
 More precise injection tuning became possible.

2020/May

Collimators were baked by hot-air circular to re

-

IPAC'20 Virtual Presentation
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e Mission of Phase3 2019c operation;

 Machine developments

e Physics run on weekends and 0:00-9:00 (ow!

e Overview of Phase3 2019¢ (2019.10~12)

v' [, squeezing down to less than 1 mm.
v’ Background studies

shift).

From 15/Oct. to 12/Dec.
Started with vacuum scrubbing.

1-week interruption due to BT(e+) magnet

trouble and DR ext. septum trouble.
Collision tuning started on 29/0ct.

2020/May

B, =1.2mm, B"=80mm
B, =15mm, B’ =80 mm

»

B, =2mm, B/ =80mm "\ \\/ﬂy*: 1 mm, 87 =80mm

[ <
< = R » <

»

1500

AT

1006¢

1

[unu] st

500

400
300
200

[ed] snssarg

100

0. 7B e —
06 HER ]
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vacuum scrubbing
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B, =1.2mm, B"=80mm

e Overview of Phase3 2019¢ (2019.10~12) (cont’d) p/=15mm, 4 =80 mm x

* Beam current: e e

1500

) °TEHER - [ 16%
e Maximum : 700 mA (HER) & 880 mA (LER) o _:m”% )
* Mostly low current (200~300 mA) for machine o 1 &
developments g e 500 T 1107
§ G.é'i LER-. EG “10°®
. . — L1
* Beta squeezing: - 22 ;‘zz | "
. * * M S = %z L1g®
e Started with £ =2 mm & " =80 mm 0.aF L 10
. fyz was squeezed down to 1 mm via 1.5 mm and 0.2F- 00| = [ 107
.2 mm. 3 ;
]! : e : =L] 108
* /3" of HER was reduced to 60 mm at last. = . F T pen AL ]
A | W BT(e%) DRext 1'58X1234 o e EN
o Luminosity . i 1;— magglet Septum 1.14x103* cm2.s 1———3{3 _;1
. = o.5F trouble. .. trouble —o.5
e Peak Luminosity w/o Belle Il detector taking data : ot et DR oo 8 RN PG IR, |, <
1.88x10% cm2-s~! 7| ' '
e Peak Luminosity w/ Belle Il detector taking data: =| %
1.14x10% cm~*s™ 3 2130}1'1' PO '1ﬂ1'/m1' 11/11 11721  12/1  12/11
* Integrated luminosity (Phase3 2019c) : 4.0 fb™! 1@/21320@19
» Total integrated luminosity : 10.1 fb—! L )

Y
vacuum scrubbing
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Y. Suetsugu

* B squeezing history;

i 1 1 I 1 I.I 1 1 1] 1 I | 1] 1 1 1 ] 1 1 1] I | 1 1 1 ] I 1 1] ] 1 i
e Now we are operating with 2" =1 mm. i i )
berating A History of f,
v" Smallest value in the world!! 10- SPEAR ]
v’ Lower than the bunch length of 6 mm. - o LERBERC VEP':_ZOOO ;
- PETRA o ? .
- TRISTAN 4
! . CESR-C BEPC—II ]
PEPI _
10_2 o CESR SuperKEKB —
X DAFNE . :
- Fcc-ee A
- mm-world KEKB 7
CEPC

- (Phase-3 2019¢) .
i ~world . i

B ® Design value:

| | | | L, ~0.3mm

\ [ [ [ [ [ | [ [ { | [ [ [ | [ [ L | L [ | I N I N I . |

1 01 970 1980 1990 2000 2010 2020 2030 2040
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* Luminosity;

e Peak Luminosity w/o DAQ = 1.88x103* cm2-s!

e at 650 mA (HER) & 850 mA (LER)

o with 3.27 RF bucket sp./2 train (2 abort gaps)/1476 bunches

* B’ =1mm & B =80(LER)/60(HER) mm

e Belle Il could not take data due to high background noise.
e Peak Luminosity w/ DAQ =1.14x10% cm 25!

e at 360 mA (HER) & 500 mA (LER)

e with 6.12 RF bucket sp./2 train (2 abort gaps)/783 bunches

* B =2mm& B =80 mm
* Integrated luminosity : 4.0 fb~!

e Specific luminosity;

* Specific Luminosity (L) Increased almost in proportion to l/ﬂy*
* Nano-beam scheme collision worked well with ﬂy* =1mm!!

* Slow degradation of specific luminosity with a increase of bunch currents.
* Beam-beam effect increases the vertical emittance, reducing the specific

luminosity.

e Key issue in the future commissioning.

2020/May
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e Unstable modes at high bunch current; e S S
. . Currents gigg ,:/—M ................... S S S—— I;-' e ———
 Flip-flop phenomena between HER and LER beam sizes e —7/ R
were observed at high bunch currents. Luminosity 3 o i
v Seems to be sensitive to betatron tune. 5 ué -
B _ oy . ope ? Egg P .
v Coherent beam-beam head-tail instability? o, (HER)E:! v‘\«u o
» Understanding the mechanism is required. . | ; ’
; - 6, (LER);  fmmnt™’ ‘““*’“"*w’v
1 gggM
Flip-flop phenomena o, (HER): %
&-JG;—/' il
ii‘ i }\ o A
Uy (HER) w“ M ._ :E : Iy: Mﬁﬁﬁ:hrﬁ;
23 SOl Vx (LER): H{EEE ?"W”“M‘W“MW’“‘ g furbrstine i W mu?
ﬂy* 1 mm . t,.'ﬁ I * ] “4:725: L 1 I L L i :E::::
. HER 180 mA Oy (LER) “’iﬁﬁl’rﬁ“} ji,l V% (LER) “EGE:ZWMWMWWW qu“/j\HL\f, 'H.W»wwﬂjizizb
urrent | P L L L . ! : 65
LER 310 mA N 45.531F— <Hes 5308
§ * v (HER)E stiégwwwﬂwwwvwwwa £
Bunch HER | 0.458 mA/bunch | oy (HER) “M“—_ 5 | =
curent | LR | 0708 mbunch i E— ' (HERE R hthaunhmmelpntrmng e
C t duct 0.36 mA? * ] hamgs m ham n b = . hasr;sm
urrent products m o (LER) L{ 11,%3;39%9 30 19" 30 20M0 36" 21M 39 220
. el
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. . X-y coupling measurement

e Optics issues;
e Some difficulties were gradually revealed as T e
decreasing 3,

1. Difficulty in x-y coupling correction;

—B1
0.0
X-y coupling correction
v o, increased even though the coupling correction
seemed to work well.
—0.1

iR}
0.0
B 1
v x-y coupling correction with skew Q coils of P P P o 100 1000 [
sextupole magnets in Local Chromaticity Position s [m] measurement by X-ray monitor
Correction section may cause this issue. y :

0.0
iR
» Not yet understood well.
epre . . X-y coupling correction
2. Difficulty in more precise measurement of seems to work well.
40™ 45"

optics;
* We have to deal with 10 um or less beam position 11/22/2019 ‘ Y :

change to evaluate optics parameters, and then 0.1 :

the residual of the orbit correction is 20~30 um in o Tt -

. " o b B —— —

e Estimated beam position changes in this orders at

sextupoles have non-negligible impact on B pe— ) »

: : I e et e, st et N After x-y coupling correction

» Method for more precise measurement of optics RE = e

should be established. M SR

Before x-y coupling correction
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Ay Aifs

\

'ﬁr‘h‘i'ﬂ

it o i
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Ay Ayg Aip Agpy

g4
RMS.

0.0 v i . v PP
emittance. . 01

0.0 o - ALA PN

Aggg Ay
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Position s [m]
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a failure is detected...

e For faster beam abort to avoid damages to collimators and Belle

|| detector;

* Improvement in abort trigger delivery time on accelerator side.

v' 21 ~39 us (2019b) — 17~30 ps (2019¢) (reduced by —0~9 s !!)
* More to come from detector side. (by ~7.5 us)

Time chart of beam abort trigger delivery

Beam

Abort Signal

I

H. Ikeda

sent
to Kicker

request

Device
requests

Abort Beam dumping system

Kicker
fired
waiting for beam gap

a;f

Beam interlock

system process
All bunches

are aborted
<

Phase3

2019ab >~2ps 1l 2~10 ps t2 LER:7~17 ps t3  max. 10 ps t4
! HER:6~16 us ‘
‘ * Improvement in abort timing
» Faster triggers from QCS synchronization (by 4 ps)
and Loss Monitors . e
‘ * Reduction of waiting time for
abort gap (by 0~5 us)
Phase3 o us |
2019¢ K 2~10 us 3~8 us max. 10 ps

2020/May

New bunch f|II|ng pattern : 2 Trains, 2 Abort Gaps

HER Bunch Current Monitor 783 bunches " 0.19 mA * l] 17 mA
T T
'IIIZ
T T NI, .|||
700 800 |.1.\ 12
'a'||__a_'a'| T T T T |||

New abort gap to ST |\:m|'t|:; m
reduce waiting time e s

for kicker firing. S | T
S b abort gap)
N Phase3 2019ab Phase3 2019c Y. Suetsugu
T T T \ 18
o ~ Mean:50.5us o Mean:39.2us
) Med:48.6us g Med:37.1us
< . Min:39.9us < Min:33.5pus
e E .
a I
" o .
0 m
5 S
+* * ,
i . 0 ||
210 310 410 5107 6107 ER e 8107 210 3107 410 5107 10 710 810

Trigger time [s] Trigger time [s]

e Beam abort trigger issued faster by ~10 us.
» However, one collimator was damaged again.
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B R

Vacuum scrubbing in LER Vacuum scrubbing at

y Storage_ beam BG . . . 1x10% Y. Suetsugu | 10°r collimator location in LER _
* Major source was still beam-gas scattering in LER. 1 R
. . ) /Ynole ring (Incl. wi er) TI hb h
* Even though " squeezing (3 mm — 1mm) should increase the w107 [ il Shbash
loss rate, BG was improved by a factor of 2~3 compared to 2019ab. - 24 0 ”n_,filg’.b
v’ Tighter collimator settings, which can be available thanks to more & wio* "=y ; < :
stable injection with smaller emittance growth in beam transport line. £ —— 10
v’ Progress of vacuum scrubbing, which was helped by in-situ baking of & ™ F e S
CO||Imat0rS. 201920 5595c \\ 107t
1x10° | | |
* Injection BG;
* LER injection BG on detector leak current A b e s, T ———
v Large Iea]lc< currr]en.t caused DAQ deadtime and limited maximum beam S Beam Dose A1)
currents for physics run. Example of long-duration injection background of LER
. Lor}g duration of LER injection BG LER kicker BG (Nov. 29th 6.25Hz) T. Koga
420 : o :
]_'3 @ dead time @ 12.5 Hz injection. ) ) -1 picture corresponds 1 kicker signal -ECL trigger E>20GeV
v’ Injection BG duration should be suppressed to increase integrated “Timing distribution is different in each Kick. Injection Veto
luminosity. Sometimes clean, sometimes dirty

e Synchrotron radiation BG on PXD
v" PXD started to see significant SR increase after HER " squeezing (80
mm — 60 mm). P . -
v’ Rotation of HER horizontal orbit reduced SR by %. = ] & .
v’ SR hit was correlated with injections. Why?
» Stable injection with low emittance is a key challenge in the
next run.
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e Replacement of damaged collimator head;

* One of LER collimator head was damaged during Phase3 2019c.

* 4 collimator heads were damaged in total so far.

v LER : DO6V2 (Phase3 2019c), D02V1 (Phase3 2019ab), DO2V1 (Phase2)

v' HER : D01V1 (Phase2)

» Robust collimator is required in order to increase beam current.

e R&D of Low-Z collimator is undergoing.

e Short Ta head was set to DO6V2 in a chain of low-Z collimator R&D.

e |nstallation of new vertical collimator (DO6V1) in LER.

» Reduction in BG by a factor of 2.5 is expected by a simulation.

Damaged head

Head opposite the damaged head

4 mm 4 tﬁ R e
. y i 1 - Tl e, .
- » e AT
e,
"
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New vertical collimator in LER

T. Ishibashi
DO2H3
L'E}j'fi{_ﬂ%'s IR 0ogiay D02
e 00—\l e Do3V1
. ;' o> | — T Planned in 2020)
oo / © -
' ~. D03
TSUKUBA N
]

SuperKEKB Main Ring

LER |
D11 ! D04
% ' £l |8
= &= =4
& 2 o &
] e A e e E e e e e — - ————————— I === 2F1z"
= = X . Q w
@ : Horizontal Collimator (KEKB type] “ =
b =| =| — ) 8
w| @ @ m:Vertical Collimator (KEKB type) z =
D10 - =|- Bl B & ) ) ---4Z.p05
DOSH4 £ f f @ : Horizontal Collimator (SuperKEKB type)
B : Vertical Czllimator (SuperKEKB type)

@) : Horizontal Callimator (SuperKEKB type)
[ Vertical Collimator [SuperKEKB type)
@ : Horizontal Collimator (SuperkEKB type)
[: Vertical Collimator [SuperkEKB type)
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e Cabling work for crab-waist scheme for LER Crab Waist Scheme (CW) wP—
* Beta function waist of one beam is oriented along the
central trajectory of the other one. 3% =80 mm top view
e The vertical beta-function rotation is provided by sextupole B* — 1 mm
magnets placed on both sides of the IP. "y Waist shift (100 %)
e Simulation indicated the improvement of luminosity. > Ao — x*
e Reduction of beam-beam blowup, beam-tail, then beam LER ) tan 2¢,,
outer
sextupole
2% magnets for CW

o Vertical

background.
Defocus

* Effective down to 8"~ 0.5 mm.
» We decided to try crab-waist scheme in SuperKEKB

last December.
Try to LER first, then try to HER.
Cabling work for crab-waist for LER was completed during

Vertical
Focus

[ ]
winter shutdown.
Beam distribution for various CW ratios (#Ff = 1 mm) O

sler_1704_80_A_YO1_cwi_40_2 bb_cw.sad
Turns = 10000
CW = 6% CW = B0%
MF

LER
O = i
P 4000 WP LD

The LER waist (the minimum beam size) can be shifted
proportional to the horizontal orbit offset at the IP
and aligned on the HER beam line.

vaJ e,

K. Oide

*  Same contours for all CW ratios.
Suppression of the tail as well as higher density of the core are visible, even for CW = 200,
1 . .
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e Mission of Phase3 2020ab operation;
* Physics run toward more than 100 fb™ by the end of 4= 2mm, 5 = 80 mm

e Overview of Phase3 2020ab (2020.Feb.~20/April)

June.
Demonstration of crab-waist scheme

From 25/Feb. to 1/July.

e This talk covers things only up to 20/April (before HER crab-
waist ).

Started only with LER for vacuum scrubbing.
HER beam on 2/March

Beta squeezing:

* Keeping /" =1 mm & /3, = 60(HER)/80(LER) mm

* More time is required for Linac tuning and Inj. tuning.
Crab-waist:

e LER:0% — 40 % on 16/March

e LER:40 % — 60 % on 24/March

e Cabling work for HER crab-waist (20-23/April)

e Machine operation was resumed on 23/April.

Beamn Current [A]

L [10° em=s]

Spec L [10°°]

LER crab-waist 40 % LER crab-waist 60 % HER&LER

< < = crab-waist

4—>

o STHER
0.4
0.3
0.2F
0.1

@.9; :

il
-+ Lot gl n| |

0.2
oF AN g ' o ! l Ihh A
1.5F

108_ —t—t :| —t——
80

60

40

23 1 PRI [“

ohomos  3/1 311 3721 4/1 4/11 421

(=1 = ]
=2 @
= @

N =
o @
e &

850
200
150
100

1.57x1034 cm-2.s-1 s

I-IIII|IIII|IIII|I IIII|IIII|IIII|IIII|IIII III|III|III|III|III

2/21/2020

H_} \ﬂ_}

T—T ———1000

1) SNy

[u

[ed] ainssar]

Cabling work for

vacuum scrubbing
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" HER&LER

: . LER crab-waist 40 % _waist 60 ¢
e Overview of Phase3 2020ab (2020.Feb.~20/April) (cont’d) crabas A0 7% LER crabwaist60% - bwaist
e Beam current: ﬂy*Zme’ﬂFSOm
e Maximum : 520 mA (HER) & 500 mA (LER) o sECHER s
. . . 0.4 FE
e Luminosity (up to 20/April): 0.3k 600 | |16
e Peak Luminosity w/ Belle Il detector taking data : =| O ‘ ::zz E l?
1.57x1034 cm=2-s71 AR : E N
] 3 _
e Integrated luminosity : 13.9 fb=! (up to 20/April) g 00| [10°
100 0.2 —je0| 5 |
! 9'15 I i I |y ‘ ” _359 = r107
ol ] 1 gf_ AR NTHD I | H| IIthH I —éti) i 108
- - =k 1 5710% om 251 < HA 1
- 'g 1= —1
2 60 % —Ea 5
I= [ We are here now. ] = 9'5:_ 1
=] B (~20/Apr||) T :I ——t :I —t—— [ —t — —— T + % —r | +—t +—+ | + —t -: 00
—~ 40 ) 13%% ' ' ' ga
[ 3 = 60 60
—_ ) 40 40
i 8 20 | 1 i m 20
20 N " Ghgngs  3/1 311 3721 4/1 4/11 4721 ?
[ ] oMo
- " ] 2/21/2020
[ o ] , ,
31 4/1 51 6/1 M _ Cabling work for
Date vacuum scrubbing HER crab-waist
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° SpECIfIC |U mi n05|ty; Specific luminosity as a function of bunch current products

[ J Specific IuminOSity was kept high at high 8_ LI I LI I | | T 11 | LI I | | 1 T 1 | LI N | | 1 T 1 | LI I B B
bunch current products. s Y omnishi | 1
e LER Beam-beam blowup at high bunch currents "‘;'=c TH %o.ﬁn | —
was suppressed by LER crab-waist. E : ¢ :
e Contrary to the energy transparency condition, i 6:_ i
HER current can be increased more than LER Nlh X ’
current to push up luminosity . = 5:_ i
* Ik (520 MA) > [,z (440 mA) (W) 4:_ ) E
* Eyr(7GeV)>E (4 GeV) .
m 3k 2019c No Crab ]
250 HER current o I e 2020a Crab 40 % 3
o LER current = o} |° 2020ab Crab 60 % E
8 L | 2020b No Crab ]
2t 2020ab Crab 60 % (V-angle) -
5s - 1__ .
%EE G* (HER) 0: 1 1 1 1 I 1 i 1 1 I 1 1 1 1 I 1 i i 1 I i 1 1 i I 1 i i 1 I i 1 1 1 I 1 1 i 1 :
T Y 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
oo o, (LER) I, Ip- [mAz]
2h3e%s 40" se"
4/12/2020
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Luminosity performance

Date

May 13, 2003

Mar. 24, 2020

Super
KEeEKB
&

LER HER LER LER HER
Beam energy GeV 3.5 8 4 4 T Th o) .
) e 40% crab waist of the LER
Current/beam A 1.38 1.05 0.70 0.36 0.42 - g :
Particles/bunch 10° | 684 521 | 2.8 280 At has made the same luminosity
g m r’qg 5?” | 80 80 60 (1e34) possible with 1/2 stored
mm 5.8
o pm | 103 118 13.0 130 166 current in the LER!!
= T IERE A s S 020  0.22
o 0.093 0.068 0.0018 0.0034  0.0014 :
s 0.065 0.051 | 0.020 0.042  0.022 ¢, in the LER has been doubled
Bunches/ring 1265 1565 7 ; o
Half crossing angle mrad ‘ 41.5 by 40% CW.
Crab waist % 0 -
Luminosity nb/s 10.5 ‘ 10.4 10.0
iy e Apr. 2, K. Oide
T. Nakamura, Y. Ohnishi %incl. hour glass /
::,"f __ S03040- 13903 010 ST EZ;EE - ;iEE E:: T . .-:=F
B NSNS 10 'wa" : e 1 A , o
A Al 2 3= e P
E; .2? B R e e e i Al B s 1 ) 3 %E u:: i i 5%
1 SR i i ot TV AL—*JI 2
p i,\ \N\N\N\N\N\N\N : E i . L e ‘ | JM
: ] £ 5 i vl Mg E L i asbcsniinn, |
0'5!1 N Y i e e B ! B o el e e S | = ;“:‘W w ;E — | i
% B evecrsmesersavers . 2 E— et
g T i f—— TS
e ]
E |i§§§m E; [;[ ﬁng ) !;lJ 14.5
L] mhmvmw-mgmﬁmmwﬁrmﬁhmwzﬁw '33 % u/g:gm[,a;g 3'r| &h g‘" 190 2‘1“ 12;?.,,,9 3/2(‘3:313255 3h & o 12" 15" 18" 21" ;ggm
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e Phase3 2019ab (2019.3~7) & 2019¢ (2019.10~12);
e Physics run with fully instrumented detector has finally started.

“Nano-beam scheme” collision was demonstrated up to ,By* = 1mm.

* B/B have been squeezed to 1 mm/60 mm.
Peak Luminosity w/o Belle Il detector taking data : 1.88x103* cm=2-s71

e Peak Luminosity w/ Belle Il detector taking data : 1.14x1034 cm=2-s7!
Integrated luminosity up to end of Phase3 2019c : 10. 1 fb~!

e Continuous injections increased integrated luminosity by 237 % compared with the normal injection.
Key challenges were;

* Slow degradation of specific luminosity with a increase of bunch currents.
e Optics difficulties revealed as squeezing ,By*.

* Fast beam losses leading to collimator damage, QCS quench, and detector damage.
e Large detector background
e Andsoon.

e Phase3 2020ab (2020.2~);
e Started on 25/Feb. and will end on 1/July.
* This talk covered things only up to 20/April (before HER crab-waist).
* LER crab-waist (60%) pushed up peak Luminosity w/ Belle Il detector taking data to 1.57x1034 cm2-s°L.

e Cabling work for HER crab waist has just finished on 23/April.
e Effect of HER crab-waist will be reported at IPAC’21!!
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Thank you for your attention.

Inter-University Research Institute Corporation High Energy Accelerator Research Organization (KEK)
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