Y. Ohnishi (KEK). eeFACT 2018 , HKUST, September 24, 2018

Highlights from SuperKEKB
Phase 2 Commissioning
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Super
KeEKB
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Final Target

Target Luminosity: 8 x 103> cm-2 s-1
40 times luminosity as high as KEKB
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Positron Damping
Ring (1.1 GeV)

SuperKEKB project

Phase 1

SuperKEKB

: Feb. 8 - June 28, 2016

Phase 2 : March 19 - July 17, 2018
Phase 3: March 11, 20197 -7
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2017  '2018
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JFY2019
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Luminosity in Nano-Beam Scheme

Beam-Beam £, = e N @
Parameter g 27""‘)/::(0'276 ; f) Eq

B, — small * £, — small »L — large

N_Ninpfo v+ 1£&y-

47‘(’(0';’6],:]3)\/6@/5; - 2er. B

Luminosity L =

Final Target . — x2 [, — x1/20 ¢, — x1 * L — x40




Luminosity in Nano-Beam Scheme
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Luminosity in Nano-Beam Scheme

Beam-Beam £, = e N @
Parameter g 27""‘)/::(0'276 ; f) Eq
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Luminosity in Nano-Beam Scheme

Beam-Beam £, = e N @
Parameter g 27""‘)/::(0'276 ; f) Eq

B, — small * £, — small »L — large

N_Ninp fo Y+ L&y-

Luminosity [ = — ~ n

47‘(‘(0';’6],:]3)\/63/-5; - 2er. B

[ )
Final Target . — x2 |8, — x1/20| & — x1 * L — x40
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Luminosity in Nano-Beam Scheme

Beam-Beam ¢, = 7o N y
yT— *
Parameter 277%:(%,@ ’ f)

B, — small * &y —

N_Nynpfo
47T(O';’€ff)\/€yﬁy - 2er. B

-7 Ey — small

Luminosity L =

[ )
Final Target . — x2 |8, — x1/20| & — x1 * L — x40
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Luminosity in Nano-Beam Scheme

Beam-Beam ¢, = 7o N y
yT— *
Parameter 277%:(%,@ / f)

B, — small * &y —
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@KELB, Nano-Beam Scheme

How to squeeze f3y* smaller than o; ?




@KELB, Nano-Beam Scheme

How to squeeze 3y* smaller than o; ? Same luminosity between them.
transformatlon )
200 .cff

20, cff

-
.
--------------------------------------------------------------------------------------------------------------------------------------
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Oy

Oaeff =g Opeff = OzPa
L




@KELB, Nano-Beam Scheme

How to squeeze 3y* smaller than o; ? Same luminosity between them.

or gr .
Piwinski angle @ = —=/J Oreff =2 Opepf =00
o bo
o)
Hourglass effect 5; > Ozeff = 5’2 ® > 10 -20 in the nano-beam scheme

cf. ® <1 for ordinary schemes
o, =6mm, ®=20 — o0, =300 um
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Oy [pm]

~~~~~~~~~~~~~

Ordinary collision (KEKB)

~~~~~~~~~~~~~~ ... outoffocus

in case of the shallow depth of field
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Oy [pm]

Nano-Beam Scheme
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Ordinary collision (KEKB)
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Overlap Region at IP

Ordinary collision (KEKB) Nano-Beam (SuperKEKB Phase?2)

Z vertex Ydistrvibution

Belle case 1999 data

80 = Belle Il 2018 (preliminary) -
“ 3000 |
— . Median=-0.015cm '"4 :
=) , |
S 2500 | Osg=0.055cm A '* -
. ! + $ .
s 2000 F ]
Q ' + | Runs 1869-2047
< 1500 f ¢ o -
(N i " . :
1 4 L 14 | sy 2 b L 2 2 30 lOOOL_ . B
20000 -10000 0 10000 20000 =00 | . B i
-1.0cm 4 (jm) 1.0 cm - Judt=24pp~t [ .
’ i ettt 1 i B n
-0.4 -0.2 0.0 0.2 0.4
c=4.5mm Zo [cm]
o =550 um

measurement at Belle
measurement at Belle |l

« g The vertex distribution is constrained
bunch length x 2 in the nano-beam scheme.

5 |. Adachi, T. lijima



Targets in Phase 2 Commissioning

1. Verification of nano-beam scheme
@ Large crossing-angle, low emittance, and low beta at the IP
@ Luminosity increases even though 3y* is smaller than o-.
® Beam-Beam parameter, ¢y, > 0.03
@ L=103%cm=2s1at1][A] beam current in the LER
2. Understanding and reduction of Belle Il backgrounds

3. Establishment of the injection system



@EK_B, History of Phase 2 Commissioning
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@EK_B, Beta Squeezing at IP

The smallest ,* in the world !

Phase 2.0

Strategy of beta squeezing for Phase 2 and Phase 3 detuned
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Super
KeEKB
—

Summary of Beta Squeezing at IP

Phase Bx* [mm] By* [mm] comment Lpeak X1033 [cm-2s-1] ILer / THER , Db Stan
[mA] Date
LER HER LER HER

2.1.0 200 3 Luminosity Run 0.93 250/220,600 |April 16

2.1.1 200 6 Luminosity Run 1.37 N 340 / 285,789 | May 22

Nl 200 4 Luminosity Run 1.36 ‘/ 340 / 285,789 | May 28

NO IMprove

22053 200 4 3 Luminosity Run 1.32 340 /285,789 | June$8

el 200 3 Luminosity Run 1.05 320/265,789 |June 11

s fes 100 4 Luminosity Run 1.09 N 340 /285,789 |June 12

2.1.6 200 100 4 Luminosity Run 2.04 ‘{n rovet| 3507295,789 | June 13

ol 200 100 3 Luminosity Run 2.6 340 / 285,789 | June 20

220 200 2 Optics correction N/A 50/50,1576 | June7
S0 mA

2.3.1 - 100 - 1.5 Optics correction N/A -150,1576 July 9
S0 mA
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oy  (X-ray)
Ey (Zy/\2)
L

LER
265

Phase 2 (high bunch current)

HER
217

0.670 0.549
1.8 4.6
200 100

3 3
2.9 x 104 4.5 x 104
7.58 x 104 6.31 x 104
1.76 2.43
8.4 12.8
-0.0220 -0.0258
44.562 45.542
46.617 43.609
883 652
0.030 0.021
2.29 x 1033

Phase 2 (high current)

LER
788

HER
778

0.500 0.494
1.7 4.6
200 100

3 3
2.9 x 104 4.5 x 104
7.58 x 104 6.31 x 104
1.76 2.43
8.4 12.8
-0.0220 -0.0258
44.561 45.545
46.614 43.612
1285* 528
0.0244 0.0141
5.55 x 1033

Phase 3 (final)

LER
3600

1.44
3.2
32
0.27
3.2x 104
8.10 x 104
1.76
9.4
-0.0244
44.53
46.57
48
0.088

HER
2600

1.04
4.6
25
0.3

4.5 x 104
6.37 x 104
2.43
15.0
-0.0280
45.53
43.57
62
0.081

8 x 103>

mA/bunch

nm

mm

mm

NeV
MV

nm

cm-2s-1

*ey enhancement in LER

Preliminary

Machine Parameters
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oy  (X-ray)
Ey (Zy/\2)
L

LER

Phase 2 (high bunch current)

HER

Phase 2 (reference)

LER

HER

Machine Parameters (cont’d)

Phase 3 (final)

LER

HER

265 217 327 279 3600 2600
0.670 0.549 0.414 0.353 1.44 1.04 mA/bunch
1.8 4.6 1.7 4.6 3.2 4.6 nm
200 100 200 100 32 25 mm
3 3 3 3 0.27 0.3 mm
2.9 x104 4.5 x 104 2.9 x 104 4.5 x 104 3.2 x 104 4.5 x 104
7.58 x 104 6.31 x 104 7.58 x 104 6.31 x 104 8.10 x 104 6.37 x 104
1.76 2.43 1.76 2.43 1.76 2.43 NeV
8.4 12.8 8.4 12.8 9.4 15.0 MV
-0.0220 -0.0258 -0.0220 -0.0258 -0.0244 -0.0280
44.562 45.542 44.558 45.541 44.53 45.53
46.617 43.609 46.615 43.610 46.57 43.57
883 652 692 486 48 62 nm
0.030 0.021 0.0277 0.0186 0.088 0.081
2.29 x 1033 2.62 x 1033 8 x 103° cm-2s-1
typical physics run Preliminary

12



Verification of Nano-Beam Scheme
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Verification of Nano-Beam Scheme

s Y N S— S S— -

TR SR _

Specific Luminosity x 1031 [cm-2s-1/mAZ]
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Specific Luminosity x 1031 [cm-2s-1/mAZ]

1.5

0.5

Verification of Nano-Beam Scheme

CX_

N\ oy

....... 'Localerrorm QCS

Waist XY coupling

Ba

14

YZ coupling

: 2
05 = pi"ey (531 | — > + { (Rz + Rals) - B2 (R + R3A8)2} + (ny05)°



Specific Luminosity x 1031 [cm-2s-1/mAZ]

1.5

0.5

Verification of Nano-Beam Scheme

CX_

LN B

e e - Loca'l'error“lrr QCS

Walst XY coupling

Ba

14

YZ coupling

: 2
05 = pi"ey (531 | — > + { (Rz + Rals) - B2 (R + R3A8)2} + (ny05)°



Verification of Nano-Beam Scheme

2N Y-XY cotiplingat P~ S ~Local errorimQCS

corrected by QCS Waist XY coupling YZ coupling

‘ 2 2
fel T \ﬁ?j VVVVVVVV ¢ ~_ (75 — M25y (53; | = > + { (B> +5R4AS) - Be (1 + R3A8)2} - (ny05)2

IR S _

Specific Luminosity x 1031 [cm-2s-1/mAZ]
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Verification of Nano-Beam Scheme

2N Y-XY cotiplingat P~ S ~Local errorimQCS

corrected by QCS Waist XY coupling YZ coupling

‘ 2 2
fel T \ﬁ?j VVVVVVVV ¢ ~_ (75 — M25y (53; | = > + { (B> +5R4AS) - Be (1 + R3A8)2} - (ny05)2

IR S _

Specific Luminosity x 1031 [cm-2s-1/mAZ]
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Verification of Nano-Beam Scheme

N NG Y-XY couplingat P~ o ~Local errorimQCS

corrected by QCS Waist XY coupling YZ coupling

‘ 2 2
\ﬁ; o (7?3 = ,u2€y <5y | As > + { (fto + 4 As) - B (Ry + R3A8)2} + (ny0'5)2

(B =YY 2 S 3

i Emittance f B
is improved. 3 S

TR S _

Specific Luminosity x 1031 [cm-2s-1/mAZ]
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@KEK_B, Specific Luminosity and Beam-Beam Parameter

0.081@1.04 mA 0. 088@1 44 mA
4.5 -
1031 : r 1 11 rr 1 1 | I B | | r 1 1 1 L L LI | L 1 1 1 I: |
' [, Reference bunchcurrent E 0.03 -
— =4 340 mA / 285 mA : ]
f‘é 3-55 """"""""""""""""" o 55789“§ “““““““““““““““““““““““““““““““““““““““““““ T e e S E 0.025 =
- TS H— H"l"g"h"“bunch current- 5 02 :
¥ s SR, LA | i i
D it T T S S 2 7‘0””rn”A"‘"7””2‘2’5”"n1"A ] : :
KA SR SN . oy =395 3 o o1 _
— - ‘ - -
E 2 _m-— 0.01— s L """""" 2"'29‘")(‘"1'033—
S | oSN S o SNSRI RS ........................... — - i
< - . 005— _‘
7 s S — e = ° 905: .
0: e | S I 1 | S | S I S | S | 1 I l: 0.:%:.“; | | | I | | 1 | 11 1 I | 1 I | | | | 1 | I | | 1 I I | | I | I:
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
I.1. [mA?] Bunch Current [mA]
I 1 125 x 105 . The beam-beam parameter is 0.02.
Lgp = = T = - em™ s /mA*]
nply - 4n(0.¢.)e? foo oy

The beam size from Lsp Is consistent with that of no beam-beam.
Lsp = 4x1031 » Oy* = 300 nm (& = 30 pm)

- & = 23 pm for single beam in LER 15



@KEK_B, Specific Luminosity and Beam-Beam Parameter

0.081@1.04 mA 0.088@1.44 mA

N
LN

1031 : 1 | I | I 1 1 | 1 1 1 | I | I 1 1 1 1 | 1 | 1 1 I: N I | I _
i, -Referencebunchcurrent E 003~ E
_ =4 340 mA / 285 mA ' ] i : i
ﬁ:é 3.PFg: | on 5&789“3 """""""""""""""""""""""""""""""""""" S A o S —: 9'925:_ _
- PEERLL o HIgh“bunch current- o oof :
r:dE 2 B L 7 R 2 70""m"A"“YW2"2"5"Wn1”A - - : -
S SN Y v’* __________________________________________________________________________ mp=395 EEEN A | :
- : -
g e P T T ’Hu— 0.01/— R L: ----------- 2—--29 X 1033—
Y= [ : : o z ] -
s = L e ;--Beam Beam Blowup - - ; ]
S osf o S N ;_____________C__o_l_l_e__c_t_l_v_e____e__f_fe__c_t ________________________ _f 0.0051= _:
05 [ T | [ T | I [ T B | HE I | | ' I I I | I I | I I I lE 0.:"’.:;’“ L1 1 I [ N | I I | [ I | ' I I ' N I I N | I:
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
I.1. [mA?] Bunch Current [mA]
Luminosity drop at low current. = issue in Phase 3
I | 1 95 x 1025 The beam-beam parameter is 0.02.
Ls, = = = — [em ™25 /mA?]
nply - 4n(0.¢.)e? foo oy

The beam size from Lsp Is consistent with that of no beam-beam.
Lsp = 4x1031 » Oy* = 300 nm (& = 30 pm)

- & = 23 pm for single beam in LER 15



@KEK_B, Specific Luminosity and Beam-Beam Parameter

0.081@1.04 mA 0.088@1.44 mA
X1031 I4’-5:I | I | | 1 | I | I 1 1 | 1 1 1 | I | I 1 1 1 1 | | | I B | | 1 1 I: B - I |
4?\Referencebunchcurrent uuuuuuuuuuuuuuuu S L E 20 E
_ =4 340 mA / 285 mA ‘ ' 5 5 ] i i
f‘é 3-PE&: | """"" n ‘55789‘§ """"""""""""""""""""""""""""""""" “““““““““““““““““““““ o T j “““““““““““““““““““““““““ —: 9-925:_ _
> P S H"|"g"h""bunch currenr 5 oof :
“-"E 2 B e T L S 2 7‘0””rn”A"‘"7””2‘2’5”"n1"A ; : :
R = R . 1 v’* __________________________________________________________________________ "b=395 ___________________________ 4 > 0015 .
o e e T m— 0.01f— S o L ----------- .9 ---29 X 1033—
4 : é A - ! EEEY |
e = e Beam Beam- Blowup — T .. T P ]
= I T i Collective effect _f 0005~ —:
OEI 1 1 | | | 1 L1 I | 1 | 1 | 1 | | 1 | 1 | 1 1 I 1 1 1 | | | 1 1 1 | 1 1 | 1 I lE 0.:’0:"‘; i | | I | i i i | i i i i | i i i i | i i i i I i i i i I | i i i | I:
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
I.1. [mA?] Bunch Current [mA]
Luminosity drop at low current. = issue in Phase 3
I ] 125 x 105 . The beam-beam parameter is 0.02.
Lgp = = = em™ s /mA*]

nply - 4n(0.¢.)e? foo oy

The beam size from Lsp is consistent with that of no beam-beam. The beam-beam parameter is saturated at high

gy .
Lep = 4x1031 » Oy* = 300 nm (& = 30 pm) bunch current. issue in Phase 3

- & = 23 pm for single beam in LER 15



@KES Beam-Beam Parameter

B, = 3 mm LER: 5, = 200 mm HER: S, = 100 mm

Yy

Assumption: 7,— =0, Beam size at IP estimated from X-Ray Monitor

1.6

I G S—  — - e R

0.025— e e iy

oo A

at1tpehoenenepebepmegey ) 1

[ um]

]

—

' » ' n
______________________ e - : - : -
' n v ] ' ]

-

0.015

Oy
(n ]
h

0.01

' ' ' ' ' '

0]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0 | | | | I | | 1 | I 1 1 | | | | | | | | | | | | | | | | | 1 | I | |

Bunch Current [mA] Bunch Current [mA]

\4

> > Beam size is large at the low bunch current in LER.
2y = \/‘7;}— +toyh Zy/\/5 = 800 um Blowup is also significant at high bunch current.
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Degradation of Specific Luminosity

Lepec (10°° cm™®s™/mA?)

>

[

o
w
-

Specific L [cm 25 1/mA?]

40

| | | | | | ! T | | | | ! | | | | | | |
35 IS % — NE 30 ><\\| | I - — NE 35 >< ‘~\>|<~‘\ >|< o
. ] 3 S | K ——— K== \\ L \\ o . _
30 >|< '._\ 25 _ %\%“ % _____ g’%\_l\\\\\\\ N - 30 ><\><
25 R X 4 o 20 e T 25 F T -
T = - [ [ = e it
20 — O ) o 20 F TERnna- T —
15 | a8 or 1% 15} e TR
RI!}—'IZ | ‘\C—i 10 k R1=0.02 | — 19_, C(pr 2)=3m |
10 | 5%) B T ] 9 R2=3mm - < - o 10 F C(Py Py)=8m > ]
5 L R3=35000 ---3k--- >> meas. _ o 5 |R3=50m"' ---¥--->>IP knob scan _ 2 5 L c(p )lo 8m ---K---
ﬁ 1500 ] _ R4w> [ i - Y ooy -
0 4 | | l l | | 0 | | | | | | | 0 | LY | | | |

N
un

Beam-Beam simulations with machine error (W-S)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
L1 (MA?)

35

40

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

L1, (MA2)

Interference of Beam-Beam and Iattlce nonlinear degrades Ium|n05|ty

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4
I, 1. (MA?)

SRR AN DL I ELNLELEL I IR I )
S e e e e = measured magnetic field . -+ QC2RP -
i along beam axis -

| (N. Ohuchi) o =

4 o Error field: - S . s

| sextupole .r e -
: I N D _ skew sextupole ; - A

T e .—.e = in QCS @ oo -
| SN T T N TV T T ! A--6639X1L§4—*ﬁ11@R35mm
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 *QCZ ‘s 4
LT a2 s = By=1.385X 104 Tm
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@KELB, Correction of Machine Error

skew quad-like coll

Skew quadrupole corrector coils in QCS (for each main quads.)

9
Rotatable sextupoles in LER S
= |
Sextupole corrector coils in QCS §
Skew sextupole corrector coils in QCS 1
©
o <
Octupole corrector coils in QCS =
sextupole
— octupole  oetypole skew sextupole | Skew sextupole
I QC2LP  QC1LP QC1RE QC2RE
o T

~ s P ¢ —a _—=a
ﬁ QC1LE QC1RP D =

QC2LE octupole octupole QC2RP
octupole sextupole| SKew sextupole

| T

sextupole
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Travel Guide for Luminosity Mountain

Speaflc Luminosity is improving day by day

T 1 i I'\\ T 1 i I | 1 1 I

-
x10 Lumlnothy contour -\

........................................................................................................................................................

................................................................................................................................................

p—
un

f

““May 53 ; : T, B 2.5x1033 [cm 511
e . = T 16 ""[Cm S'" ] """"""""""""""" e o
. Reference ; . | |

" bunch curren't
|, (e5789)

@ | | | | | | | | | | | | | | | | | | | | | |

0 100 200 300 400 500 600
npI,I. [mA?]

Specific L [cm'zs'l/mAz]
©
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Travel Guide for Luminosity Mountain

Speaflc Luminosity is improving day by day

1 1 T

31 1 1 \\%‘T 1 1 I 1 | |
X106 - Lummothy contour ' . l -

. :':: | ™~ . 1@34 2 1

Vol June 29 S Lem s
= T U Y e —
f‘:,_t i High bunch curre T~ -
E Lt (n|5,=395) e E:

— " peak=2.29X1033 : . ~1034

W 1.5 : : —_
™~ — .. -
E - ..'L.F: o -
O B :’E. -
] 1_—'-;;:' . o . e [ e —
® T : -
;;:| . _d- . 2 s E : i
o - " May 23 | : | | - 2.5x1033 [cm s 1] }
O  0.5(— _ - R 103 fem 2l e e —
Q - Reference ; . 5 | -
o . _
p _ bunch current ]

-, (5=789)

@ | | | | | | | | | | | | | | | | | | | | | |

0 100 200 300 400 500 600
npI,I. [mA?]
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@Ef, Final Focus Superconducting Magnets

Superconducting Final Focus Magnets

| Belle Il detector solenoid = Quadrupoles and Compensation Solenoids (QCS)
= ' ; LER
UMD = s LEACRANA | Erookunven (T
-+ i i e =S | Wi ATORY
7/\\ ‘ ~ ; T IE-% compensation f
™N compensation Large crossing angle ! _ /]
£83 q il solenoid x :
solenoid of v mra 1 | \
\ E _ [U 8 T
| = Imr I = -
HER CS-L IP = _LER
" aess N T Tacsr
~ '%é = BRA | <
N R : | 4 -
_S///_ J z://‘ e . _\s\é o * 4 st - AN o '
A5 el - = == | 4 quadrupoles (QC1s, QC2s)
i } | _aeor e o PR - 8 dipole corrector coils
| . . | * - AT A il i\ 4 skew quad. corrector coils
Belle Il + compensation solenoid , M7 g 1"1\“ LS g
5 i — Al - 2 octupole coils
- I I I I I [ I I I I I I I I I I I I I I I I I I I I I I | I I I I m ] '. } SV -’ | '; » .
. QCSL = QCSR : = 1 2 skew sextupole, etc for each ring.
) QClRP /N QCRE - = o
. QC2LE QC2 | JQC1RE QC2RP Number of coils is 55!
Q7 / - , ;
-2 : | / gz (?elle ONLY), T 1
3¢ L . S L 3 No dispersions and XY couplings in the IP
4 -3 -2 0 7 m 1 2 3 4

although there is the solenoid field.
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Optics in the IR

Typical optics in Phase 2

T L o ! ! L ! ] 25F S T A —_— LE e e X Sm— [ o v A wa— AR —— -
5E-LER B e T N m— BN R ; HER a E f 3 | ,
= s ‘ i A f - s : z 20 e A B M A R R S i i e S
z A : A / X z a s z z s z x f ; |
.......... R O A ¥ 0 Y S R | N 0 R SO S ¥ (. W S S S E——— B B e B 11 B i s s i i B B B
@ 10 /f \, ‘Illlr l ."IIJ \< llII ,'Irl'-. / \ IH ,.'I,I ;J I'I".II .."'II rﬂ |'Ilﬁ|ll llll.f HI'IL |é" | ."ﬁ‘ { 'l\lII 'IIII .Il\ IIl||lIHI :"'. | ,.’f |\ ﬂll Il,llr\.I ,.II
- Lo 0 / Y o f0E e e | S Y N W ) A R L A / N T —— T W S
o i Ky 7/ K ! { 1I". o _IrlF"-., \ jﬂ N} I ,e'j't I' X‘ / \ WA \ l‘l'll } ! 1I'.l_ \ | & A (i ¢ } ! F I."I Pl | ’ Y" ."]\| / \ ! { \
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e A Ll e R L I | . 1 SRS 5 S 1 e S e e e b S —
-150 -100 -50 0 50 100 150 -150 -100 -50 0 50 100 150
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b2z opmmE 2 B RS S T Segiom £o 8 83 o SR« Qo g
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X-LCC

Natural Chromaticity
LER : & =-69/¢& = -146
HER : & =-97 /& = -168

QC2:§X
QC2:§X

-8 | QC1:§y = -67
-25/QC1:§, = -100
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Local chromaticity correction
QC1-Y-LCC: AWy =1
QC2 - X-LCC: AWy = 2T

(X-LCC, Y-LCC)
strong sextupoles



Optics Correction and Collision Tuning




Optics correction based on COD

Skew quads @sextupole pairs
H. bump@sextupole pairs

Correction of PS for each quad. family

The value is rms for all BPMs

0.014 0.008

mm

mm

Measured beam size by X-Ray Monitor
LER : 13 pm (gy/ex = 0.8 %)
HER : 19 pm (gy/ex = 0.4 %)

XY coupling: before and after

~1500  —1000

500 0 500 1000 1500
Path length s [m] *

Any, [mm]

o . T S S N S—

1500 —1000  —3500 0 500

Path length s [m]

Global optics correction has worked well.

AB,/B %] AB./B. (%)

An, [mm]

AB, /By (%] ABL/B. [%)

An, [mm]

Global Optics Correction

Beta and dispersion: before and after

—500 0 200
Path length s [m]

—1500 —1000

500 0 500 1000

Path length s [m]

1000

—1500 1500

H. Sugimoto 23



@Ef, Collision Timing: RF Phase Scan in LER

collision timing — offset due to crossing-angle - beam-beam kick Try to find appropriate collision timing
. - . -0.87 L
Horizontal Scan (utilizes crossing angle) _z ;
2 .0.88 HER'-ER _________ 5_5___?9_‘?_’_???_5 ______________ -
Top Vi =< -
op T vz (+¢) X Beam-Beam interaction E E o g9 BxB FB OFF i _________ B xeFBON i
4 1s attractive force. S 9— unstable region. % .
E S o QCS quench | 7
\ : + 2 -0.91— 2nd trial  3rd trial - g -------------- e l --------------- e Isttrial —
: - ! . ! | . A P R
Toffset = Dz X Py ! ¢, = 41.5 mrad 7 s ; I ; 7
..................... < : ;
A ¥ — %o « <C> , < 79 —
— — : t :
360° h electron Sl o ~ E -8 -
RF phase in the LER l Y9 E -
(positrons) g 5—-81 ]
center of the ring v ]
>a o ]
¢ IP .
1= o I,
. : : == ==
A BPM BPM .
BPM BPM _ _
time difference measured by BPM
C =3016.3 [m] _?— 9o
00 Tof fset TR 0.6 (m) x 0.0415 (rad)

~2 nsec for 360 deg.
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@EK_B, Vertical Beam-Beam Kick measured by Local Bump Orbit

yp2018_4_25 20_9_22.dat

X - Ay =-350m offset | g ! )
99. 65 with usual steering magnets's g
2 [ 3 . '2 o3 i
S 9.6[ ' 0. <SR
Q ! = . L ...O .: -
o0 ® o “0e : ¢ i
é i 3 )
mg 55— "00.3! . o -
Q = . P
@ A

.-10. S
iBump Heiaht [mm]
Vertical beam-beam deflection

Higher bunch currents
LER: ~52mA (200bunches)
HER: ~38mA (200 bunches)

xp2018_4_25_20_9_ 22 .dat

@ 1 — ;.‘.. —— :
5 : .... '. Gy = 42urn:]
20.08F : . -
N : . 8 :
! 1 -
So.06f ; : -
. o 0 o

0. 047 ....t : l .....0.. -_

-10 0 19

iBump Heiaght [mm]

Vertical-orbit scan by using HER correctors

LER: uv,/v, = 44.58/46.61

— 0,045 ———— —r— ] ————————— —
£
N E 005 S Se— o ‘;;:_:_,;‘_;!f—‘-‘—*‘”f*}i HER : yx/yy = 45.57/43.61
U v 0.055F e e e ;_;’f“f ““““““““““““““““““ .
N — Y _0.06 ,‘ii_,,:;‘
¥ Q 0.065 ? ".f:‘ Z
m 7T°Y 27 ~y = subtract orbit offset
I 9 .9.075 20 o
m E 0.08F i g A o 0 Y
N S —— e — i I R R -
5 0 5

V offset (um)

ty

Double peak due to vertical angle of HER orbit.

‘N - F ' T l /1 |
N 24 o1af AN e ln
o L 0. 012 i 3 e D -i ----------------------- benr e sssssnen e nfenee —
(] B * '\\\ :’.
T R ot N S _
ago X, =51um iy :
S5 e ot Bymhlam ooy
— Eo 0(34“—_1.4“1'}’.F ......................................... 0;:36/“” ________ ‘i**“__‘
- — :
| | | " P | |
Q 15 10 -5 0 5 10 15
‘2 V offset (um)

Vertical beam size was still very large
due to poor adjustment.

The collision point was moved ~1 cm along the beam axis.

= figured out by Belle Il vertex data and corrected in the early May e



@EK_B, Adjustment of Vertex Position along z-coordinate

Day shift, May 4, 2018

HER Vertex position RF Phase oy fit Luminosity
H. Bump Height AZ(mm) (deg.) Zyh2 (LumiBelle 2)
(um) (mm)
0 0 3 2.8 0.12
250 3 5 2.5 0.13
500 6 8 2.2 0.16
750 9 11 1.8 0.20

o
T 11 T 1

Luminosity is much improved.

vertex[mm] (green)

phase[degree] (red),

N
1 T

1lll|llllllllllllllllllllllllllllllllll]
200 300 400 500 600 100 800

HBump [um]

o
Oo—
o
o
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Super
KeEKB

- First Hadronic Event

Accelerator control room




Super

KeKB

First Hadronic Event

T

0:38 April 26, 2018 Acceleratqr control room

—

B i+ 57 2 2 1 i 25
S SuperKEKB]

e L 7 - 1A5.7.0)
Hadronic Event R %2 D £ 5 5 58

+.

=

ete —=qn

ql&.c, s, d, Uk EDEWNIA+—T

50 —

JTMIIFTI‘IHI]'I'I||I"!\'M

p - i N D mmv
-300 -200 -100 ‘ </

Belle I

150 —

Super :

KEKB :

>, | 200 —
300

200

|'|l|ll'|1’||! k1

Belle I

Super

KEeKB

-200 -100

\l'|llllllwﬁllllllltlltitu




Super
KeEKB
—

Rotation Error of QCS

skew quads. XY couplings

\
\\
\ —
Q C I R A L | A I i 'S A A I | A i | ' A I | A A Il I A '} | A
Ll [} | L 1 R L T L] L 1 “ 1 1 Ly h T [} 1 Ll [ | LS
P "

o “u ’ B Ll

- E

_____________________________________________________________________________________

Ry

A mrcrran vegoa Y e LT

skew quads.

QC1L

Ry (m)

Ry (m™~)

=
=

w

i

The same amount of rotation does not affect S —— S M
arc sections. s o "
_;QEMiI . ||
_ _ -1560  -1000  -500 | © ) 500 1000 1500
The global correction of XY couplings can not AR b R R e
correct XY coupling at the IR completely. 5959505 999998 3 3885935  £998889

— e — —— — —— — — —— —— — —— — e — —— — — — — —— — — —

R4

XY coupling at IP remains locally.

Skew quads in QCS can be used to correct the local XY couplings.
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@EK_B, Adjustment of XY Coupling with QC1 Skew Quadrupoles

- ISBefore e susmen
* =200 mm *— 4 mm pyersical Sean
T Y
yp2018 6 14 2 23 4 dat

12,25 i —
Extremely low bunch current it S
15.8 mA/1576 bunches § 124 et g,
to avoid beam-beam blowup as much as possible :-12.s5 R R
and to get geometrical luminosity. ; 325: -
0.1 mA/bunch iBump Height [pm]
Go To Fit
Zy — \/0;2— + O-Z?I— O-; — Zy/\/5 Fit Result ‘
{datafyLum22018 b6 14 2 23 4.dat
LumiBelle2 is good performance ! CURERIBRCS" Lol TRLS BOEREES B bR i 27
Very large beam size ! > T T T T

- [
L [
.a 8l
2 6
.H :
£ 4
S [
- 2}

Luminosity Fit RePlot ReFit
Lum offset _
0y [Hm] 1.253
Vertical Offset [um] 1.768
iBump V-offset target: 0.000

59 Y. Funakoshi



@EK_B, Adjustment of XY Coupling with QC1 Skew Quadrupoles

ﬁ; = 200 mm ﬁ; — 4 mm [YerHeal scan ertical Scan
02018 6 14 2 23 4 dat yp2018_6_19 19 16_41.dat

y
_12.25 = T - . . o MM I MMM BN BN BN I
12.3F 4o ® 12,10, E
Extremely low bunch current S 1y u % SN R ;
15.8 mA/1576 bunches S 124 et B 1p.3b et :
to avoid beam-beam blowup as much as possible :-12.45 talontd To12.4f NS NN I
and to get geometrical luminosity. N i;ZSZ .. ®-12.5t RIPTTLE
- - et He e S S S e et e Sl W S e (+a] T I T BT DT IR
-5 0 5 -10 -5 0 5 10 15
0.1 mA/bunch iBump Height [pm] iBump Heiaht [lum!l
.0 .0 . Go To Fit | Go To Fit |
Zy — \/Uy— + O-y—l— Oy — Zy/\/5 Fit Result Fit Result
{datayLum22018 b 14 2 23 4.dat fdata’yLum22018 6 13 13 16_41.dat
LumiBelle2 is good performance ! CHARRUBEe Lo B 0 EEN TS o iRl fmrngsn o T T RN W
+ ; + !
: : . " g - 15
Estimation from X-Ray Monitor: o g ol
oy = 0.4 yum (LER), 0.5 ym (HER) = o
No change after adjustment of 3 2 ' 5;
X-Y coupling(R2) at IP 0!
Luminosity Fit RePlot ReFit Luminosity Fit RePlot ReFit
Measurement by beam-beam scan: Lum offset | [ 1S Lum :f:nsI:f e - i
oy =1.253 ym — 0.689 ym 0, [1m] 1.253 a, [um] 0.689
Vertical Offset [um] 1.768 :
J Vertical Offset [um] 3.078
Very small ! IBump V-offset target: 0.000 iBump V-offset target: 0.000

59 Y. Funakoshi



@KEK_B, Smallest Beam Size measured from Beam-Beam Scan

After Rz adjustment

2018-06-29 22:46:37 Help «

fHorizontal Scan (detail)

- ¥Yertical Scan RF Phase Scan Control
Open RF Phase Scan Panel
yp2018l’_6_2l9_22—l40—213datl ~Vertical/Horizontal iBump Scan Control Extremely IOW bunCh cu rrent
D e T vertical Offset at IP [um]; 6.000
2w 11.83p e g T 3 Vertical Angle at IP [mrad] 0.000 15.8 mA/1576 bunches
SO [ ---- @ - - ------ e S = , . .
po e o T Horizontal Offset at IP [um]: 0.000
€ 11,050 t.tet gl t e L 8 ‘ to avoid beam-beam blowup as much as possible
3 T § N X irect Se i _ _
O B RS e Al Zero Set | and to get geometrical luminosity.
-lé.lé LJJ.l.:L Vertical Offset Scan |
-2 0 2 4 6 Bump Initial Size [um]: -3
iBump Heiaht [luml Bump Final Size [ur] q 0.1 mA/bunch
Go To Fit Bump Step Size [um]: 5
Fit Result Bump Step Period [sec]: A
/data’yLumz22018 b6 23 22 40 23.dat Reverse Scan Direction ‘
S9y3he. oBpess. = 5 S Quick 5 Abort — *2 *2 e \/_
e iy iy sl | son | ovecsen | s | Xy = J oy= oyt Oy =Xy V2
Pause Release
AR B A B B
> 15/ : ‘ 3 Vertical Angle Scan
':: Bump Initial Size [mrad]: -6
g 10} Bump Final Size [mrad] 5
EI : Bump Step Size [mrad)]: N
g 5: Bump Step Period [sec]: A
- Reverse Scan Direction ‘
Ok
Scan Quick Scan Abort ‘
Pause Release
Luminosity Fit RePlot ReFit Horizontal Offset Scan
Lum offset 0,887 | Bump Initial Size [um]: -40
Luminosity 1 | Bump Final Size [um] 40
0, [Hm] Bump Step Size [um]: &
Vertical Offset [um] 0.897 | Bump Step Period [sec]: A
iBump Y-offset target: 3.054 Reverse Scan Direction ‘
Set vertical offset above Scan Quick Scan Abort |
Pause Release
B m Y- Funakoshi
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Super

] Waist Scan by using QC1

LER As = -1.14 mm HER

Bl File Edit Window

As = +0.4 mm

2018-06-22 22:24:07 Help «

Bl File Edit Window 2018-06-22 23:30:59 Help

Conditions of data taking

~Conditions of data taking

Wait time before data taking (sec) | 5 Wait time before data taking (sec) 3
Preset of data points at each step 30 Preset of data points at each step SIC) |
C v Trigger of Data Taking - _1ypw [ Trigger of Data Taking
10 .:_ . : - : . S L] . 20.§ ~ Every WWait Time 8 | ’_______k_-—-—H_____?:-_ i N 7] 2 0 2 EVEW YWait Time
~ B BE- Y 3 I’Il E ‘ :{ ;I < 19: " Csl Luminosity ) T - i-f""" T 118" Csl Luminosity
M 4 48 TR 182 | - zowm o2 s P S ol E ZDIM
- ® O ' ' .’. ' S 178. | & LumiBelle2 — g% - 9 W &R | & LumiBelle?
VA gk 8 2 16 P — VA g ° AN R
28 4 o o ! ; ¥ . e ' ¥ 2 108, | Wai Time [seq 0 25 T t H 18 | wait Time [se 0
2E— o s ® ! e © ? e o Rejection of wrong data 2r'g i o o I ' 145 Rejection of wrong data
256 _I 1 . [ ' L @11 L P 2 1 .1 1 L gy ‘_._l.l 1 ‘ 1 |= L ¥ _‘ N Delete newest data | é.l | l__l_._l_!l_l__._l— 1 1 . 1 I 1 1 1 1 I. 1 1 . 1 I 1 ; N Delete newest data ‘
200 = —=3000 4 -Luminosity Scan _1160 - S emsssees et SN _Ja0p% Luminosity Scan
- —— 3 o u T -
S —352500 canic 80— SRR S
@ = = o Scan Start @ - — 3 =1 Scan Start
- CTNOUNIUUNIVNIUN FRNIUNITUNUUNND NINUUVSUUNIUN: WIVTURIUUUMILS SUMIUUVITRIIUNIE SOUNUNIUMVIVI RUSRNIUNTUNIE ST __32@005 - har 60F— —:309'_ : -
= 0oF 21500k " TP = .ok oo o P
100 3 -1 40— — + Usual
E = = sua
3 _S1000® 5@ 8 " F 3. ® |
= © iBump V offset 2 20 ?—\T‘T > O — . e __%100ﬁ iBump V offset
" iBump ¥ angle : - = | iBumpVangle
0 & -0-0
'@ iBump H Offset 140 I_l I 1 1 1 1 I 1 1 1 1 _?- 1 1 1 I 1 1 1 1 1 1 1 1 I 1 : iBump H Offset
“ LER H Tune o - u 160w LER H Tune
© LERV Tune 5120 o ____Beam Slze A § LER ¥ Tune
© HER H Tune @ e B &7 140, | © HERH Tune
~ HER ¥ Tune 4100 2;:\ R 11pN | HERVTune
[ ol —120m - \
E .—_ \"‘1—'— -t i "y :
| S 881 L ’H;‘E:_%_ ‘Ii_, - ] = & E S m
Scan is paused. (%) o e o - o 1100%  scanis paused.
~Read from File ?.(i).: I IR R N1 I L TR I T SR S T PR S T R T T | 1_-‘ . 061-. Read from File
11 Read File - F _30.001¢ Read File
S = ~Data Fit S 10— ~3p o1y DataFit
: | ' : OFipsaY] E 9 —90.001¢ FitData
a9 : ; Fit Result LumCsl| -1.5451 o 3 001" Fit Result LumCs| 2794
- ~ |- - Error of LumCsl | 1175 ; 8%' = | Error of LumCs| 0766
: ; ] O = _ 4 '
E Lu m I n OS Ity - Fit Result LumZD LM -1.2420 & 7:_ w d 001. Fit Result LumZD LM 2323
7% | | | | h | | | Error of LumZD LM 0314 @ - | | & | | | (0. 001. Error of LumZD LM 2087
= s | I B | I B | I I S | I | | i | J = . ~ = Lot ] ] ! b1 : b1 b1 001 - ~ . a7
5 “a 3 > 1 0 1 5 FE Resulft I_Lum.lselllleZIZ 1 é{;zii ) 1 0 1 > 3 Fg REbU:[ LLumlPEjelllleZZ gg;i
. rror of LumiBelle : . rror of LumiBelle .
LER QC1 Walst Scan Fit Result HER Size | -1.5159 HER QCI Waist Scan Fit Result HER Size 0647
Error of HER Size | 0891 Error of HER Size 0994
| | | F- : [ | | || | . .
L E R W t P t it Result LER Size , -1.1730 H E R W t P t Fit Result LER Size -1.6635
a I s OS I I o n Error of LER Size 0704 a I S Os I I o n Error of LER Size 5009
Fit Result HER Life -1.6104 Fit Result HER Life -3.5433
Scan Start: 2018/6/22 22:57:53 Error of HER Life ’ 019 1 Scan Start: 2018/6/22 21:48:44 Error of HER Life 2.3422
Fit Result LER Life -1.6735 Fit Result LER Life -34676
Error of LER Life | 1062 Error of LER Life Nal
Scan History Pannel on keg-macminil.kekb.kek.jp:0.0 lﬂ{ [ \Scan History Pannel on keg-macminil.kekb.kek.jp:0.0 B B
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— Collision Tuning with IP Knobs

A. Morita, Y. Funakoshi

IP XY coupling knob and dispersion knob

Skew quadrupole coils at sextupoles are utilized.

.1 File Edit Window 2018-05-27 16:44:19 Help - B File Edit Window 2018-05-29 04:11:24  Help
- - - - ~Conditions of data taking
Reference: 2018-05-27_16:00:21.579_Tune <on-line:linkup> Wait time before data taking (sec) 20

Preset of data points at each step | 50|

[

4 E_ . v~ Trigger of Data Taking
1.2 E_ ! ’ __0 66 2 "ﬁ EVEI’Y Wait Time
_ U 15_ ! 3 " Csl Luminosity
= ; ' ' o 20-8 ' ; ¥ -=79.64F - zDLM
tof ' - .50.6F— i il = E o LumiBelle?
= Jﬂ_ f 4 h ..) ;'30_42.._ .............................................................................................................................. 10.62 8 . u'ml ele
¥ s maﬂq mzmm *psmmm«eu W MR Lyt Yt taniiatpiuns hm @ oo 1707 2 wai Time seq 10
o 48 C —10.6 _ [Rejection of wrong data
OF B N
¢ 20F \1 4 5 L L S— L Delete newest data
- 0 et N A \ ,’“'\‘ o = ‘ __320
& -30F “Y \) \f\ x - _|42 = = . o ~Luminosity Scan
-40 PETTTUITY TTTFEITTCITTCITY TITPTITTCITTVITN] EETTCITR LY PEIETUTITY [ETTPITTTCITRCISE SESTERETCELS 40— —13002 = =
0.3k T T T t t T T E w_ F - 3 Scan Start
s o-3F E -H38F— ’ i r
o-if i J - —36E- o E —[280k- | Scan Type
- 0 . M’,‘n* e e E N o
“.o.ik L \ L ) W fv‘l N ERPU MU I "* O34 L] 1.0 ) LAl
1.5 T 4 T t T t 4 o F E ; : I : __2605 " iBump V offset
L E 32— ®1 3| - BumpVang
- 0.5F J\ -} 30-_;_1 [ l 11 | [ 1 I PR W I P T i I [ Sl S I 1 | I_I_"240 ! ump ange
Hv- o PPNV, \ /v"‘\'-"ﬂ\ 8 f\n WAAA A ; = i " iBump H offset
0.05 e R A . i : 130~ %
= 770 A I_,_, - 312@5_ : ~ —5705
L .o‘.)os: s - ea m S I Ze v : % I 560"' Scan is paused.
:- 006‘;; o RO B0 oS SO, TOE SAS U R O S e .3110 g_ : _'_j : H : i —gsoﬁ. Fit Data
& 0.00Lf - s100E= i * i ’ 37 x| FitResuit LunCsl -.2786
= ok - g u . . "3 TR I | . v gl 7 ; , . : —J40m
= .0.001l} ' i @ Y ' ' ' ' ' i 3= Error of LumCs| 118.5082
<.0.002 s 55 ST T R E— v T T N S N B M a— Lowi30  |fiResutLmzDIM | .0032
11,5 - : 10. 003 Error of LumZD L ’ 8.2715E-4
) . ‘ Fit Result LumiBelle2 3.5402E-4
: - - E 11— 0.003" Error of LumiBelle2 .0000
R LALAN a - , .
- . u m I n O S I y ) : 4 Fit Result HER Size 1.0565
= g 10‘5:_ o Efi 0.003¢ Error of HER Size | .0199
| SELIICA IS N | Fit Result LER Size | -.5985
'8 R' (W) _0.999 _1 .m - 1 OOO @:-’ ' nv (m) om 0.m 0.000 *:-’ -—r L1 ‘ L1 I L1 I L1 I [ | l L1l I [ | | I l—re 003. Error of LER Size .0181
H A 0 5E-4 0.001 0.0015 0.002 0.0025 0.003 Fit Result HER Life 0013
* RZ (mm) -3.000 -2.000 '3000 > @ n'y(mrad) 0.002 0.000 0.000 «* HER IP:R1l Error of HER Life { 1201.7743
~ R3 (1/km) 30.417 30.000 30.000 4.1., ' Fit Result LER Life | -.0185
" Load Zero Reset SET % = Error of LER Life . 642.9888
R4 (mrad) 0.039 0.000 0.000 €} r1 IN
LastSet is changed to 2018-05-27 16:44:14.111_Tune . S S SR RS
can Start: 1
Scan History Pannel on localhost:70.0 IEI\ B
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Quadrupole Excitation

—

Horizontal
Horizontal

---------------------------------------------------------------------------------------------------------------------

3 samples for / AK1 [1/m] AK1 [1/m]
each point | i Av,

X [mm]
T
!
3
‘}
£

- . . by L] -l*-'.‘- I. - by 2 3 —

kY ] '.. e i L -}-:-; s ngfony ] L ey v - “

Ta® - - ‘Wi e e T o W el e Ay T t e u - . u u
e e R A TR )
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= Measured beta is good agreement with the model.

# turns
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@KELB, Dithering System

urminosity  PPSIion T suleiba T. Oki et al.

dithering

|
~]
o0

+pc D 1 ZDS1LP | ZDS1RP D 8
ZP! TLP zoszTP
—>0_ AX ” s i ; e B A TP k
- q D e e "o T 0
_.g o e ey ZDS4LP ZDS3LP - ZDS3RP ZDS4RP
! o AL : 7 0 50m
8O oos b [° MG_LIAX:PHA  male o oeo st L e e
_g S ; : (77 Hz) B N
0003 [ I | 140 60 | | |
8 : : 3 . [r— i u u u
g ] - N _ dithering coil
0.002 oo . ....... ow’ ....... . ....... i I ‘_;o 8 o _é, 5nd
D oot b R S SN, % SRR ) . 140, % 8 006 [ (154 Hz)
e S -
: i C —-69 b e
— b é i 20 | T I I T I \ A
g— 190 = 75 "MMANRH L Rl ) |

FFT

~ noise  noise
50 100 150 200

frequency [HZ]

o
S

O

; _ We confirmed that the luminosity peak is consistent with
S T TR L B XL R o the minimum amplitude modulation and flip of phase.
Horizontal offset

A l . A A
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— HER Tune and Detector Background

Luminosity run, May 29, 2018 H. Nakayama

slide from Phase 2 summary meeting
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04:00 04:10 04:20 04:30 04:40 04:50 05:00
2018-05-2S
BEAST Diamond_UseThis BEAST PLUME BELLEZ PXD_L1 BELLE2 SVD_L3 BELLE2_CDC
Beam Current HER Beam Current LER Beam Size HER (XR SKB2:CGHOPT:GATED_TUNE_Y:MEAS

SKB2:CGLOPT:GATED_TUNE_Y:MEAS

—— CH1: B2 BEAST:BGLEVEL:Diamond UseThis

HER tune clearly affects the beam background. B COROPTGATED TUNE Y S

——— CH6: CGLOPT:GATED TUNE_Y:MEAS

We have to find better a working point
and necessary to keep tunes.

SMY1J - 13A37199- 1SvV39 29

[ LA l:l LA L) -l 'l ’A L LA L) 'l l Ll lgl LA l‘ LAl
© © © © o o o o
N W A~ U o N

2 BEAST:BGLEVEL:Diamond UseThis
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- Betatron Tune Feedback

optics server VVe have applied tune feedback system for the last week of Phase 2. gics server

2019 0412 19:54:02  Hp w | R L T T S

[Ji—iR Optics; 2018-04-12_19:47:43.659_Temp ~ Convergence(-----)= 000000 3'(:;:“3;'::“";\ By"= =m0 u u ] ] 7HER Optics: 2018-04-12_19:47:51.009_Temp - ‘ Cunvergenceis-----) = 000000 é;::“;"j’;“‘:l‘.'; 3‘.’“.1 s
fTune shift due to resistive wall is compensated. --=--—===--
Set ‘ :::':: List | Gl ‘ L4 Tt Gpn
| : (dependent on the beam curre nt) segscemdiEamnnncs aapncsmathonannees sptesaeeiErceeens
e & - 8 2
Rl . = g g
Bt T B File Edit Window 2018-07-14 08:26:31 Help B File Edit Window 2018-07-14 08:26:34  Help ~ i = & g
Can s/ bwrifiared = = :Q = E
T e LER Feedback OFF HER Feedback ON Running = B :
0.0029 Av, : -0.0004 ) g :
: : :
; ————— T ys sl T T T T T T T E 3
B Z
] ~\>ml1r€“; der. 1702012160 2.sad | Frewt | o ms.:\‘[:]f::” sher. 6780_016270_2 sad "t | .
. e e
B} File Edit Window 2018-07-02 08:05:48 Help « 44 .58 f_,___,__,__|___+___,__4__{_+__4__,_+_,__,__,_+ ,__,__+_+__é B File Edit Window 2018-07-01 20:51:01 Help ~
Pilot Bunch Tunes aa.57E ‘ l o Pilot Bunch Tunes
- 3 ‘ :
Ib(mA) Life(min) ) 3 — E Ib(mA) Life(min)
LLER 176.8 53.7 '=g:44.565— e = HER 248.6 79.0
44.55F =
44.5618(raw)/ 44.5617(fit) 44,50 45.5422(raw)/ 45.5421(fit)
- raw g 1 ' h~aMaS 4aM ham m m ham m . raw - 1
6"20"0540"  7Me™ 20" 40" 8Me" 20 i L o
: ] 7/14/2018
s
5 ! -0.0020
) 46.619 e
3 . 46.618
< @ 46.617
© 46.616
L B T S et ~ 46.615 MR PP BV S
44.555  44.56  44.565  44.57  44.575 > 46.614 45.53  45.535  45.54  45.545  45.55
vx 07/05/1928 22:48: 46 .B13F- vx 07/01/1928 11:50:57
406043
46.62
- ﬁ -
o 46.6173(raw)/ 46.6173(f1it) B46.61 43.6052(raw)/ 43.6052(f1it)
ltonbt e A ot Bl k: e
. 46.6 ;
46 50— . 4 . 40 a3 sob o o & 00 — - 10}
: : =
"o 30" 7he™ 30" gho™ 6"e"e® 20" 40" 7Me™ 20" 40" gNe" 20" @
7/14/2018 7/14/2018 —_
v, (target) | 44,5620 <» v, (target)_ 466170 Start Stop v, (target) | 45,5420 € v, (target) | 4360940 } Stop 2'_-30 $ t. ; :‘3.“.'
. , . . . — << 3o
v, (model) | 44.5620 €» v, (model)| 46.6150 € setMagnet | Drop Half v, (model) | 45.5388 ¢ v, (model) | 436095 ot iiagne ’ Drop Half -40fg %% ::’:
OO - — NV SR SV BV
46.605  46.61  46.615  46.62  46.625 077137018 13:36:40: Magnet FinAll & S S B 43.595  43.6  43.605  43.61  43.615
vy 07/05/1928 22:48:21 vy 07/01/1928 11:50:58

B matching and send "set magnet" to optics server D

threshold -20 Interval [s] 4 threshold | -15 Interval [s] | 4
Vy {centest Set Vy (center) 0615 Set Vs (center) 0.540 Set Vy (center) 0.605 Set

LER_Gated_Tune on skbcons-04.kekb.kek.jp:0.0 = 36 HER_Gated_Tune on skbcons-04.kekbkekjp:0.0 B



@KEK_B, Beam Lifetime

LER June 12, 2018 HER June 12, 2018
R U L D D 010 OB M
0.2 B = 200 mm @; =3 mm = o : nb:789 p0:0.0027 pl:0.3308 A
M ! - ] —g osf- |——nb:1576 p0:0.0028 p1:0.1923 K
v - (7, B L ~ -
5 . E 0.04f- B, =200 mm (5, =3 mm -
9 i ) :
- E +0.03f ]
- : - - -
v | I n 0.02f —
v - i Y i ”
O o5l ——nb:789 p0:0.0663 pl:0.6165| _ o [ ;
=7 ——nb:1576 p0:0.0647 pl:0.5013| - o o1k i
N S R B A R A N R B B B ;
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15
1/(£y [pm])l/z 1/(£y [pm])I/Z
LER current: 320 mA HER current: 285 mA
Touschek lifetime: 35 min (np: 789) Touschek lifetime: 86 min (np: 789)
lifetime (others): 80 min lifetime (others): 28 hours
Physical aperture limits the beam lifetime.
Movable collimators to reduce background and avoid QCS quench ey is controlled by vertical dispersions.
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Sextupole Tuning and Beam Lifetime

ID number specifies a different set of sextupole combination.

Loss Rate [mA/s]

5 sets of sextupole settings

LER
0.05-_.| AAAAAAAAAAAAAAAAAAAAAA I AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA I AAAAAAAAAAAAAAAAAAAAA llxl,¢'_
i | | | 2!4! ]
0.04— |mpr_ov§‘\/ ,,,,,, SN S ]
- | ~ beam lifetime 5 - T
S . e ref, -
- o S T o . ’/$3 __________________ ______ 1 .
- é 5 3 I 3 3 T
B ‘ ‘ e o ‘ ‘ ]
0.02 T e 4 -
0.01-_. ................ ............................................................................................................................................................... —
.-' ll'llll'lllllllllll llIllllIllllIllllIll
® 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
1/0y [pm]

— Beam size larger

Beam size smaller —

June 27, 2018

2" . with optics correction
4’ : with optics correction

oy measured by XRM

Sextupole tuning could not improve the beam lifetime in the LER.
Physical aperture limits the beam lifetime. (Tracking simulation supports this.)
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Electron Cloud in LER
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Vertical beam size {um)

Phase1 June 9 2016

} Phase1
" Affter attaching magnets to

| Al-alloy bellows chambers
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200
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100 |- 4/120/3RF

Measurement of Electron Cloud

Y. Suetsugu et al.

Threshold is much improved.
more than twice of 0.2 mA/bunch/RF bucket

Mode of CBIl changes and the growth rate is reduced.

Phase 2 July 12 2019

} Phase 2
- Permanent magnets at drift spaces

I

4/120/4RF
4/120/2RF

ECK Off '
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Horizontal Coherent Beam-Beam Instability
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300
250
200
'E 150
=100
50

Horizontal Tune Scan

K. Hirosawa, K. Ohmi

e —————— e, i S
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- | LER
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T e st A Beam Blowup (1)
LER H. Tune | VYa«(LER) = .552

_ synchrotron tune is
45,3028 BE e e o o S e e vs(LER) = 0.0213 vy(HER) 4 2vs(LER) = int.

vs(HER) = 0.0261

0
1000

= 800
W 6500
5. 400
© 200
208
= 150
w
= 100
% 50 "
=]
0 2 1 ! 1

T”WﬂPWVTTTTTTTEFﬂmI
'R AR A

44 .562
-~ 44.56
W 44,558
~= 44 .556
> 44 .554
44 .552

46.614F
& 46.612F
- -
= 46.61F
) —
46.608FE
45.5435F

vy (HER)

- 43.609
w 43.6085
T 43.608
“>43.6075
> 43.607
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16“40"‘0S 45" 5™ 55M 170gM 5 10"
7/13/2018
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Unexpected Events
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® QCS quench

® QCS quench during beam injection

@ Beam loss in the vertical direction due to XY coupling before optics
corrections. QCS is the smallest physical aperture.

® Movable collimators and Belle |l fast diamond abort system could avoid QCS
quenches.

® QCS quench during beam storage
@ Movable collimators can avoid most of QCS quenches.
® There are few unknown events.
@ Hit collimator head due to longitudinal instability, dust trapping, ... ?

@ Large orbit change when the beam is aborted ?
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Number of QCS

gquench
6

HER Storage
LER Injection

LER Storage

per day

8, =3 mm

. Collimators are:
--almost full open.

_______________________________________________________________________

_______________________________________________________________________

N R R

____________________________________________________________________

[ - cssessspssssssjccsassas -

BN N S S S S S S
-~ Belle ll-abort system —
‘ (diamond abort) |

_____________________________________________________________________

4/1/2018

45

1/1 T

in HER

Damage of collimator head
in LER

Damage of collimator head

Beam Current > 500 mA

Beam operation was
sometimes unstable.

High temperature

» due to Hot summer
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Number of QCS
guench per day

Beam Current > 500 mA

8, =3 mm

o L LR I B N N T T T »
: COiIimaftoréare? i
_almostfullopen. | =~ - - - AR S A S S S N S
5_—- ..... S S S 50 A U S S S S S S S S A S s —
4— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Beile H abort system ~~~~~ —
HER Storage (diamond abort) : -
LER Injection - | n -
LER Storage | injection kicker 5 Synchrotron ]

RF phase scan o AN
Unstable reglon' " LEB(K? 3)§
for BxB FB ? § 5 v

oscﬂlatlon |n LER -

___________________________________________________________________________________________________________________________________________________________________________

Test of
walst kno
_________________________ 200 1 I R S R N U U
| | | A I
OhOmOSA I 5/1 T 4 6/1 A 7/1
» Injection
4/1/2018 with ECK :
: . . Damage of collimator head :
The first collision in HER Beam operation was

tuning

The first trial

Collimators not optimized
well when beta squeezing

Damage of collimator head
in LER

sometimes unstable.

of beta squeezing
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High temperature
» due to Hot summer




@Ef, Damage of Movable Collimator (Head)

Reduce beam background Vertical Collimator

Bottom

Compromise lifetime, injection,

LER
and detector background. electron
TSUKUBA
DO1H4 DOIHS —,p DO2HA 15915
Do1Vl — —-— D02V1
HER LER
& &
& Belle I @
‘“/ new type \4»
KEKB type |
outer of the ring

Sdm 1Hmt-

i |~ 5 < .
5 l '3 NIKKO omo =i |lIE New collimator (SLAC type)
o [ L = '
= | ¥ B i 6

10 e

u =

T °

= HER

i width 12 mm

Top head
D06HA4

electron bam
DO06H3

RF(ARES)
FUJI

Number of movable collimators is small in LER.
Especially, only one In the vertical.

Y. Suetsugu, T. Ishibashi, S. Terui
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Collimator Damage

Peak Luminosity™ 42.494[10° fem? fsec] @11:20 Peak Luminosity 071102 /em2fsec] @10:41
Integrated Luminosity™ .00[/ph] 6/25/2018 10:30 - 6/25/2018 11:30 I5T Integrated Lumiymsity* 00[pb] fom’y 7/9/2018 10:30 - 7/9/2018 11:30 ST
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iy . 3 — | 0.4 5 10
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~ - LER . o [ 107 O "E - |10®
| e.4 3100| £ 4| e.3E | 2
[ e C : (g
: —_ | —? 0.2 = | _?
L B et VPSR e o st b o 10 - ; o 10
C &l 01_ \ : ; : - &
oF L1078 mf ——— ——+—t —t+—+— —t—— —t—t—1 ———+—0.01 '1g°®
1 £ S . SO — _ E ' -
S| F / &5 | o g 0.0085 5
= - = = 8 : : - =
= 30 i & 0= = B : : 10.00 2o
iy - % i ] 2 ey - i i e - N
5 - : i - = By 0.6 : 5 -~ - =
g | 20 % i 7 ® 8 g i 0.004% 8
8= - : 1: AL - =3 = : 5
E - g : . S E B : ]ﬂﬂg
e L e = ‘Eg 304 . 0.004% =
5‘ : : : : fi,r B 1 A 1 1 l A Il L 'l I A A L 1 I 1 A L 1 ' b Il 1 L I A A L 1
% Jop————y +———— R — g 5 0% S 18| B I P 8o g
[Pl | — | s o — s e —— 3 | 30 LS
S RE T e T e eeibiestioed ot ettt B = S 0E o | e oo e 1 [BF
X R AL A S L T 5 @ g 10 : ; ; 5 —_
o 8 P N T : U U o X S == T 0 FEPEEPEEPE B B PRI RPN R PR R . . . . 0 ,f
L —_
“ 19130™@S 40" 7 10M30™0° 40" 5" 11M@" 10" I 20" 30"

QCS quench (LER and HER) QCS quench (HER)

LER vertical collimator has damage. HER vertical collimator has damage.

Vacuum pressure rise was observed Vacuum pressure rise was observed

in the vicinity of the collimator. in the vicinity of the collimator.
No bunch oscillation with beam loss
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@EK_B, Additional Collimators in Phase 3

Additional LER V mask at phase3 start

beta y*=3mm

« Possible location: D06V1/2, DO3V1/2 ANnu
« D06 is favored than D03 DO6V1 61.43 28.90 +0.04
- showers from D03V1/V2 might reach IR PMDO6V2 19.24 30.54 +0.18
- betatron tunes on D06 collimators can be adjusted upon PMDO0O3V1 16.96 41.47 +0.11
request, by changing straight section optics ONMDO3V?2 16.96 42.63 +0.27
PMDO0O2V1 21.57 44.93 +0.07
« DO6V1 or DO6V2? - |D06V?2 is favored QC1RP995 260.7 46.36 +0
- nu_y(D06V2) — nu_y(D02V1) is closer to ~0.25
- D06V?2 can more effectively stop injection BG from beta_y*=0.27mm
various phases, while DO6V1 can reduce D02V1 loss nuy B0
- D06V?2 beta_y is smaller than DO6V1
> ‘nommal width” is smaller, but no problem at VIDOGV 61 43 —+0.10
beta_ y*=3mm or Imm. It m|ght be a problem at 0.27mm "MDO6V?Z 19.24  30.06 +0.24
(d=1.1mm), but we cannot close >=2 collimators anyway = PMDO0O3V1 16.96 41.49 +0.17
at 0.27mm, due to TMC instability PMDO0O3V?2 16.96 42.66 +0.34

PMDO0O2V1 111.75 44.83 +0.01

0
LER: DO2H1, DO2H2, DO3H1, DO6V2, DO6H4—DOGH1 o0 387

HER: DO1H3 Beam loss control becomes more flexible.
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Injection System
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@KELB, Linac Injector

p— - Quad
Pulse magnets corrector
I Qua

(3 - 5 sector)

- "i:PF 2.5 GeV e-

. PF-AR 6.5 GeV e-

—“LER 4 GeV e+
Q@L HER 7 GeV e-

— Thermionic DC e- gun

(GU_AT) .
e+ production e-: 10 nC PO— It ron g—enerator

“¢- study: 1 nC
*PF/PF-AR injection: 0.3 nC

DC | .
| ~ primany
Focusing . e-beami:
| ¥
Magnets LAS Accel. | |
B 10nC o 9 f§JpO structure |
g primary e- . | N
[ &Y P e amE B B - > a4 | Positro Q
et > .| product§f \;

(GR_A1 for HER 1nJect10n)

4 nQG injection - Target
e ., ™ arge \‘

Pufged tor |
Corrector i . Bridge4” / Concentr‘

Magnets . T | S | Coils < ‘-

There is a hole where electrons passing through.

24 deg. junction line
DC bend will be replace by
‘ pulsed bend

in summer or winter shutdown
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Positron Damping Ring

The commissioning was started on February 8.
FODO with Reverse-bend

+1.5% RF Cavity Extraction
« EReaaee. Ty A s RTL Line
.0015} €T URaeECs R W S e s S F
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5E-4  ; wSOO-
o 0 SR 400
21- _SE_4§ e : 3300
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Ap/p0 A
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compression [f Energy
Positron Target compression
._ | R R AT A P
l: . = L ( 7 50
L Linac N
v g 2 L'

RTL +2. 7mm %0 G- gtor-3 L-band @JF £5% 2, 9276
0.02f = "] A S [ST92
001} IR g m1500; —

S . | 0 +2% 1000k E
g T R Collimators in the arc 3" | :
-0.01} ke ] . . O | )

T 1 20% is cut at tail 2001 -

'002 P B . . ] : i T I
-0.002 0 0002 0-02 015 -01 -005 0 005

“om 2 pulses and 4 bunches Apip0

Ex 30nm <« 1300 nm
x/ts 11.5 msec/5.9 msec

O 6.7 mm

M. Kikuchi et al.
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First Beam Storage in HER

TbT BPM near injection point
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Only one of six kickers worked in the initial injection tuning in HER.

Polarities of vertical corrector in QCS were wrong.
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— First Beam Storage in LER
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Wiring between skew quads(QC2RP) and horizontal corrector(QCZLP) in LER was swapped.
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Summary of Phase 2 Commissioning




Spaghetti Diagram
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Spaghetti Diagram

Permanent
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Verification
of nano-beam

— -— \
o
A4

Beta squeezing

® 2.26 x 1033 cm-=2s-1 at ILer = 270 mA (npb=395) — 1034 cm-2s-1at ILer = 1080 mA (n, = 1576) ..

® Verification of nano-beam scheme

® luminosity tuning at 8y,=3 mm (x10 final value)

® Beam-beam parameter reaches 0.02.
Luminosity performance

® Peak luminosity is 5.55 x 1033 cm-2s-1 (LER: 790 mA). U
® Max beam current is 860 mA, 800 mA in HER. lLer < 1 [A]

N

® QCS quench issue (unexpected). Movable collimators can avoid most of quenches.

@ We will install additional collimators until Phase 3 operation to control beam loss and/or
background.

® We will fight interference of beam-beam and lattice nonlinear to improve luminosity performance
in Phase 3.
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Appendix




@Ef, Luminosity performance and B,* squeezing

Geometrical luminosity is low before beam-beam blowup occurs.

Global optics correction is good and measured vertical beam size is enough small from X-Ray Monitor.

2 2
033 = ey (53/ | ABS ) T { r2 -|-57“4AS) - Ba(r1 + TSAS)Q} + (1,05)°
Y x

Waist position As and vertical dispersion affect vertical beam size at IP.

In case of As =0, ri and rz, ny make beam size large.

QCS error is localized. Rotation error

Physical Coordinate XY coupling Normal coordinate

x 14 0 ry  —T9 U

Pz | 0 wo —rs T Du B ., (M, O

3 | = = 0 " My = RMsoyo R Moy o = ( 0 M. )
Py —r3 —T4 0 % Pu

12 4 (rirg —rors) =1
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@Ef, Luminosity performance and B,* squeezing

Geometrical luminosity is low before beam-beam blowup occurs.

Global optics correction is good and measured vertical beam size is enough small from X-Ray Monitor.

2 2
033 = ey (53/ | ABS ) T { r2 -|-57“4AS) - Ba(r1 + TSAS)Q} + (1,05)°
Y x

Waist position As and vertical dispersion affect vertical beam size at IP.

In case of As =0, ri and rz, ny make beam size large.

QCS error is localized. Rotation error — riand r2 shoudl| be zero. QCS can make it.

Physical Coordinate XY coupling Normal coordinate

x 14 0 ry  —T9 U

Pz | 0 wo —rs T Du B ., (M, O

3 | = = 0 " My = RMsoyo R Moy o = ( 0 M. )
Py —r3 —T4 0 % Pu

12 4 (rirg —rors) =1
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" " LER Bunch Current Monitor 789 bunches™ 077 mA®* 049mA | HER Bunch Current Monitor 789 bunches ™ 0.64 mA** 051 mA
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Pilot bunch Pilot bunch

(non-collision) (non-collision)

Tunes are measured by gated tune meter.
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