Phase 2

Commissioning
Plan

Y. Ohnishi / KEK
@ KEKB Review 2018

Note: I[P feedback system and the dithering system are omitted in this talk.
See T. Oki’s talk at the 19th KEKB Review.



@ié‘?fé Target of Commissioning in Phase 2
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Verification of Nano-Beam Scheme

Low Emittance with Large Piwinski Angle

Specific Luminosity, Lsy >4 x 103! [cm2s-1/mAZ2]

cf. Lsp =1.7x103'@KEKB
Beam-Beam Parameter, &, > 0.05

Reduce Beam Background for Belle |l detector before we move on Phase 3

Background from stored beam : lifetime ~ 40 min in LER for 1 A

Background from injected beam

Movable collimator system works to reduce backgrounds

Phase-2 commissioning is only 4 months from mid of March to mid of July.




@ié‘?fé Verification of Nano-Beam Scheme
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® Stepl
® Detuned beta at IP to find closed orbit as much as possible.
® Test of QCS system(Final Focusing), Optics measurements and corrections
® Local bumps in IR, TbT measurements, Final Quads excitation, ...

® X-Y couplings and vertical dispersions should be corrected in the IR region
consistent with those of arc sections.

® Step 2
® Collision tuning with squeezing beta at IP and luminosity run
® Tentative target 1s 1034 cm-2s-1 (KEKB design)
® Beam current for LER is 1 [A] and 0.8 [A] for HER (design of 30 %)
® Back ground study for Belle II detector with collimator controls
® Step 3 (very challenging)
® Further squeezing beta at IP.
® Target luminosity 1s 2 x 103 cm-2s-! (recorded peak at KEKB)
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Phase 2.2 - 2.4: Collision tuning with background study

Phase 2.1: Vacant phase (for backup study, y* ~ o, if necessary)

Beta functions in the horizontal (x) and vertical (y) direction

Phase

2.07

Bx” [mm]

LER

By* [mm]

scale

12 x 180

Bx" [mm]

HER

By* [mm]

scale

16 x 270

2.2

2.3

2.4

3.X

256 2.16 8x38 200 2.4 8x38
128 2.16 4x8 100 2.4 4x8
128 1.08 4 x4 100 1.2 4 x4
32 0.27 1x1 25 0.30 1x1

Beta Functions in Phase 2

Phase 2.0: No collision, extremely large beta at IP, do IR optics study

Step 1

Step 2

Step 2

Ultimate



@ié‘?fé Beta Function at IP and Depth of Field

Opverlap region is indicated by dashed lines, which is depth of field. By*

should be larger than depth of

field.
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@i”é?fé History of Vertical Beta Function at IP
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SuperKEKB is trying to make the smallest 8,* in the world !
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Piwinski Angle

Piwinski Angle -
z * Uz Large PA can
b= O'_;; tan ¢, g ﬁy ~ P makge small 3y*.
KEKB (2006) Phase 2.2 Phase 2.3 Phase 2.4 Phase 3.x
LER | HER | LER | HER | LER | HER | LER | HER | LER | HER
Px [mm] WSl 560 256 200 128 100 128 100 32 25
By [mm] RS 5.9 216 | 240 | 216 | 240 | 1.08 1.2 0.27 | 0.30
€x [nm] 18 24 2.1 4.6 2.1 4.6 2.1 4.6 3.2 4.6
ey/€x [%0] 3 2.5 5.0 1.4 0.7 0.27 | 0.28
Ox [uwm] BSLE 116 23.2 | 303 | 164 | 214 | 164 | 214 | 10.1 10.7
bl 1900 | 1900 | 476 743 252 393 126 197 48 62
0, [mm] 7/ / 6 ) 6 S 6 S 6 S
(bx [mrad] 11 41.5 41.5 41.5 41.5
D 0.75 | 0.66 | 10.7 8.2 15.2 9.7 15.2 9.7 24.7 | 19.4
ke 1.72x103%4 cm2s-1 1034 cm-2s-1 2x1034 cm-2s-1 4x1034 cm-2s-1 8x1035 cm-2s-1

No crab-crossing

Large Piwinski Angle

cf. DAFNE: PA =2




@ié‘?fé Luminosity and Beam-Beam Parameter
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Luminosity
N: number of particles per bunch
Np: number of bunches
I, — N+N— nbe R; fo: revolution frequency
477(7;(7* RL:  reduction factor
J o*:  beam spot-size at IP
- _ _ Ib: bunch beam current
Specific Luminosity ®x.  half crossing angle

L., = — X
P Iy Iy dme? folokot) I .

Beam-Beam Parameter and Luminosity \ :
y small 8, requires small ¢,

to keep &

S

- TeByy N_ R N_ |5
(o + o) S Oz \/\E
y—\"x—eff y— z Yy

Y+ (1 %y ) melesSyr Rr Ny N_

L — | " XX
2er, O cff ﬁ;‘ Re, ngbx




@i”é?fé Machine Parameters

SuperKEKB can exceed the peak luminosity of KEKB when we achieve &, > 0.05

Phase 2.3 (4x38)

Phase 2.4 (4x4) Phase 3.x (1x1)

1 Ax 0.8 A, 1576 bunches (3-bucket spacing) 3.6 A 2.6 A
2500 2500
128 100 128 100 128 100 32 25
2.16 2.4 2.16 2.40 1.08 1.20 0.27 0.30
5.0 1.4 0.7 0.27 0.28
0.0052 | 0.0020 | 0.0053 | 0.0021 | 0.0053 | 0.0021 | 0.0028 | 0.0012
0.0257 | 0.0264 | 0.0484 | 0.0500 | 0.0496 | 0.0505 | 0.0881 | 0.0807
0.64 0.51 0.64 0.51 0.64 0.51 1.44 1.04
1x10% 2 x 1034 4 x 10% 8 x 103
(tentative target)
1.97 x 1031 3.94 x 1031 7.88 x 1031 2.14 x 1032
[cm2s-1/mAZ?]




@?eﬁ Travel Guide for Phase 2 at SuperKEKB

We try to improve the specific luminosity with keeping bunch currents.

10 1 1 1
x1031
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0
0 iapt 1200 400 600 800 1000 T 1200
Phase 2.2 2
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np = 394 Np = 1576
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Requirements for LINAC in Phase-2

Ring Acceptance

A, =6.8x109m

Positron Electron
LER 4 GeV HER 7 GeV
Normalized emittance™! .
200 / 40 [um] with DR 150 / 150 [um]*2
vBex / vBe, [um] [um]
*3
Energy spread 0.16 [%] 0.10 [%]
05
Bunch charge at 0.5 [nC] 1.0 [nC]
Injection point™
x=9.4x107"m Ax=7.1x107m

Ay=1.1 X1O_7m

*1 Area of 95.4 % occupied by particles defines +20. The emittance is derived from o.
*2100 um is preferable for Phase 2.4(4x4).

*3 Energy acceptance is 3 ©.

*4 Charge intensity of one bunch. Double for 2-bunch injection.




@i”é?fé Injection Aperture: Phase 2.3
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Phase 2.3 (4X8 Beta) no beam-beam

sextupole field error : 1 % of rated current

LER HER

4o v '
- | | 1 x10°® 3: ! ! !
3.5 —] X
3 = - :
5 : 2 E
2.5 ] ey C -
- ) E - -
2 . — 1.5 ; _]
: ¥/ : < T :
o (Il/| 1njection beam 3 o~
st I i ] N -
' | acceptance window ] - ]
1= | ; —
: ] 0.5 -
0.5 ; o : -
0:1 I { I { { ! fl I ! ! lki\ I ! ': 0-| I I I

11 11 i.l‘_”‘:“:‘ i1 1 1 (| 11 1 i1 1 S 11 i1 1
20.02 -0.01 0 0.01 0.02 -0.015  -0.01  -0.005 0 0.005 0.01  0.015

6=Ap/pa 6=A
Ax: 9.47E-7 Ay: 5.11E-8 YEx: 2.00E-4 yey: 4.00E-5 Ax: 7.09E-7 Ay: 1.09E-7 Vex: 1.50B-4 - yey: 1.50E-4

\ /

normalized emittance of injection beam [m]

12



@ié‘?fé Dynamic Aperture and Touschek Lifetime
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Phase 2.3 (4x8 [Beta)

so; Touschek L1fet1me 3586. 5 sec Touschek L1fet1me 11359 sec
2o o T T ] 50— |
] - HER ey/ €x = l 4 % :
40_ — 4@__n0 beam-beam O 8A/1576 bunches—
i ) i ifetime = 189 min
30 - 30:— #o —

Ax/oy

N
(<]
Illll

ey/ex = 1.4 %
1 A/ 1576 bunches
Lifetime = 60 min

transverse acceptance
Ax/oy

1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 a 1 1 1 1 1 1 1 1 1 1 1 1 1
-30 -20 -10 0 10 20 30 -30 -20 -10 0 10 20 30
6/05 6/05
momentum acceptance momentum acceptance

Difference between without beam-beam and with beam-beam 1s less than 10 %.

The machine error reduces the dynamic aperture about 10 - 20 %.

We assume that total lifetime 1s 40 min in LER and 150 min in HER during Phase 2.

' '

Loss rate = 26 GHz (1 A) Loss rate = 5.6 GHz (0.8 A)

13
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Lifetime and Injection Charge

100 % injection efficiency

3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
i | | | | I i
i Phase 3 (ultlmate) 3.6 [A]] -
] —2.6 [A]|
2.5l L7 | —
i g g g Current RF s stem 1977 i
- Phase 3.x ' = JS ---70 % i
i ——30 % i

ultlmate Phas?e 2

()

Q [nC/bunch]@25 Hz

0.5E .
10 15 .20. 25. 30 35 40
AN (¢) 3 N(t) Lifetime [min]
dt T
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@i”é?fé Schedule of February - July, 2018
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e- e+ —» HER — LER
BT: Beam Transport line (Linac-MR)

M Jan. February \ViF-[gelg April

@M 3 (41|23 (41|23 |41 |23 41|23 [41]|2]|3|4]1]2
linac €~

DR I Cc+

BT

2.0

2.1 4

2.2 :

ﬁ
2.3 I
2.4 First collision beta squeezing test
(beam-beam deflection) down to the final
remark ‘ ‘ M collision tuning >
""" — 1 T T >

15
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Alternative Machine Parameters
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The vertical beam size of LER and HER are same.

%| LumiPanel
@ File Edit Window 2018-03-15 09:01:45 Help «
Luminosity: 2002 x10%° cm®s

Walue tin. \WiF-ve Walue tin. \WiF-ve
-LER HER
€yl 29000 | 1.0000 [4.99999¢ nm | € 46000 | 4.6000 46 nm
B 128.0000 | 128.00 128 mm | B,y 100.0000 | 100.00 100 mm
£, /&y 1,5000 5000 INF - % Egpi f Epy 14000 4000 INF %
ByL: 21600 2000 5 mm | Byy: 1,5000 2000 3 mm
E.L: 0029 | 0000 INF ExH: 0031 | 0000 INF
I 0362 0000 09 EyH: 0389 0000 09
|| : 1.5000 A Iy 5000 A
O, 6.0000 mm O_H: 53000 mm
E . 4.0000 GeV Ey. 7.0070 GeV
g, 19.267 pm 0, 306.529 nm | 0. 21.448 pm 0,: 310.805 nm
0. 415000 | 41500 | 415 mrad N, - 1576,0000 | 1.0000 1756

Warking File: ~/lum/lastoptimum Calcu Iate Op’[imize
kenu Bar

17
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A1 Total: 51 coils
B1

18
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.. L. L. ho Mo PO R R Lo RBinm N =
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Misalighment of QCS in Phase 2.0
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@i”é?fé Beta Measurement by Quadrupole Excitation

ﬁL — 6m | 5m
2
T —& 41
Br — Br = 5—5

Br.and Prareaveraged B functions

20
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[LER
1 =0.93 RL = 338.7 [m] K1 =-1.7213 [1/m]
Phase 2.3
Br = 338.6 [m] Kl =-1.7229 [ 1/m]
SAD for Phase 2.3:

QCILP : AK1/KI = +0.1 %  Avy =+0.0374 3L =273.14 [m]

QCIRP: AKI/K1 = +0.1%  Avy = +0.0374  Rr = 273.06 [m_

If we change -0.1 %, beam 11s unstable.

(tune should be changed higher than 0.57)

If we apply +0.1 % for left-side and -0.1 % for right-side,
the tune shift should be canceled.

SVES

21



@ié'?fé QCILP (LER, Phase 2.3)

Accuracy1s 1 ~2 % BL =338.7 [m] average

ChiSquare = 16.1988 Goodness = .45437
p0 = 334.034 + .85156 p1 =-44133. + 412.988 p2 = 5074064 + 1.49282

320

300

41 Av,
AK|

280

By:

260

240

0 5E-4 0.001 0.0015 0.002 0.0025 0.003 0.0035

Function = pO0+{(p1 x)+(p2 x*2)
AKL| (1/m) 0.2 %

22



@ié'?fé QCIRP (LER, Phase 2.3)
Br = 338.6 [m] average

ChiSquare = 16.2451 Goodness = .45437

p0 = 334.027 + .85278 pl=-44119. £413.194 p2 = 5069294 + 1.49495
i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1
® ] ] ] ] ]
320 \\ ; ; ; ; | —
;3 R — B —
N[, 300 —
< ﬁ - i
=
ﬂ-{ - B -
> i i
NS}
260 —
. - | | | | : \'\H. i
= 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I Lol
0 5E-4 0.001 0.0015 0.002 0.0025 0.003 0.0035
Function = pO+{p1 x)+(p2 x*2)
AKL| (1/m) 0.2 %

23
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QCILP (LER, Phase 2.3)

[ ) ]
Let= 0.3373 [m]

-0.01

0.02

Ki [1/m]

0.03

-0.04

IIIIIIIIIIIIIIIIIIIIIIIllll 1
llIllllIllllIllllIllllIllll 1

-0.05

350

300

250

By [m] 200
150

100

50

average

1 | l” 1 1 l 1 1 1 l 1 l 1 I 1
0.2 0.4 0.6 0.8

/users/onishi/svn-work/SuperKEKB/operation/ir-optics/beta-star 24
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QCI BPMs

=== I@j _ :
D \
A MQCIL MQCIR 0
MQC2L MQC2R

25



@ié‘?fé Phase 2.0: TSUKUBA in HER

sher 5780 _016270.sad

Tune:

Vy [V, = 44.55/43.573

—0.0239

Vs

Ve=112 MV

fffffffffffff | ||
~ Emittance:
g
- z = 4.5 nm
= 3
x - (w/o intra beam)
= - \
500 ‘ _______________________________________________________________________________
< g8 | — | | Beam stay clear:
S5SNI (SO S N P SO 1 000 O 0 A
:_g_gg SRR [ B .1; | |'l 5 Sl B s s
o e M S s e A
-150 “160 -50 QC2 _ 60
Ox
B - - I'. _"l'-'l"'llll- 'I--I-I'I'- -'l--'I' A
QC1
00 QOD0 0 0 0D OO0 CIIDOND EDOOMNIDOTOOIIDOOEDO CO000E0 © 00 O 00D O = 48
I:ITII:ITH_I_I_I_I_I_II|||l||||||||||||||||-||||||||||||I_IIIII ||_l||_||||.U—|-| O-
TN LD 2o 2 Gl Toto MGArdi Lo oA RS o0 Brsho ol T Gl o toutma M J
55 S5 1 0 A A ATATERT A AR A T e e
SR e ol — - (100 % coupling)

Octupoles at QCI1LE, QC2LE are zero field.
SLY and SLX are almost zero field
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K1 (1/m)

sler_ 1704 _012180.sad

6 (XD £ DT ) 0 6 XD 0 00 0 O QOO0 TN D O
OmCr L rrrrr_ . rr_ rrr. 1 -. [ rrr_ i I
B L i N oD D DD << OO0 iy <<= D000 00 [D 0 T I I3 I B DO
oSN SN 5SS ES R B R eiaefessiay
J= AL —_
&% TU D TUWUUUUU U UU UUU TTUU oo _'TUE VU _U_U_U_UE_U WU UL

Octupoles at QCI1LP, QC2LP, QCIRP are zero field.
SLY and SLX are almost zero field

Rotatable sextupole: rotation angle = 0

Tune:

Vy /1y = 44.55/46.58

v, = —0.0232
V. =88 MV
Emittance:

e, = 2.07 nm

(w/o intra beam)

Beam stay clear:

Ao _ 19
Oy

dacr _ 5
Oy

(100 % coupling)

Phase 2.0: TSUKUBA in LER

27



@ié‘?fé Vertical Beam Size at X-ray Monitor

—_—)

The key point is how we can suppress beam-beam blow-up.

120— | aggréssive | nomilnal couplingl n Pha__s_g__Z-! —
L 1% hl 5% LER -~ ~ ]
100— | | i —
: | —="~ "HER (new) :
— 89__ ,’x T By =23 [m]@ Phase 2 ]
P i e A 3 3 i
3' i magnet j -
g ol chunge
S ; HER -
i By, =764 m|]@ Phase 1~
Results i Lar%er beam size 1s better :
from Phase 1 29F= to eliminate systematic error.
(w/o FF) - -
0 N - 1 I [ 1 | I 1 [ 1 I - -

0.06 0.08 0.1

Ey/Ey

LER and HER achieved less than 1 % coupling during Phase 1.
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@i”é?fé Phase 2.0: X-ray Monitor in HER

sher 5780 016270 1.sad
By = 7.64 |m]

Start-up lattice is the same of Phase 1
as much as possible.

_ fg“zll','l",'",2"."'."',";i."_,'",'.',"lll','.'_

2100 2150 2200 2250 2300 2350 2400

EHHEO - e -

wigglers = RF cavities §

WoF ,\,/ ***** T (her 5780.016270_2.sad
. /‘1 ,,,,,,,,,,,,, /‘// \\ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ”J‘\{/ ,,,,, \ 3

¢ M A A —
' :%i‘ﬂ\fw\ fffffffffffffffffffffffffffffffff (ww\\ ffffffffffff > \/‘“f\%’if\}i@ By = 28 m]

of—— s | — :

800Ff I i ] 3
g ooof /L'ﬁl rrrrrrrrrrrr Il!\,T rrrrr — i — — —_— | When we make a stable lattice above,
szz;zJ\;/\AA/\,\,/ eeeeeeeeeeee j we will change a polarity of QS40E

N R j 1 to enlarge the vertical beta at source point.
e

2100 2150 2200 2250 2300 2350 2400

HEHHEO - e e

QMo
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@i”é?fé Phase 2.0: Dynamic Aperture for Injection in LER

—_—)
sler_ 1704 _012180.sad
'6 5 1 I 1 1 1 1 1 1 1 1 1 1 I 1 ] T 1 I 1
Xl@ B : m
4_ xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx —
[pr— 3_ uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu —_—
= B -
H = —
< F -
-~ -
e e e s —
i injected beam i
1 I S AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA pa—
-l I 1 1 1 1 I | 1 1 1 | 1 1 1 1 I 1 | 1 1 I l-
-0.02 -0.01 0] 0.01 0.02
6=Ap/pg
Ax: 9.47E-7 Ay: 5.11E-8 YEx: 2.00E-4 yey: 4.00E-5
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@i”é?fé Phase 2.0: Dynamic Aperture for Injection in HER

—_—)

sher 5780 016270 2.sad

'6 5 | I I | | I I R | T 1T 1T 1 I 1 1 LI L L L T 1 1T 7 | | D D R | [ R |

10 - ‘ , -
s | By =28 [m]

. By = 5 -
i - (X-ray monitor) |
Al A R —_
P —_
E | -
e B -
X | -
™ i -
o I e L L —
= Amjected beam e e —
i 1 1 1 I 1 / 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 1 | 1 1 1 1 | | e | 1 ]

-0.015 -0.01  -0.005 0 0.005 0.01  0.015
6=Ap/pe
AX: 7.09E-7 Ay: 1.09E-7 YEx: 1.50E-4  yey: 1.50E-4
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@i”é?fé Phase 2.0: Dynamic Aperture for Injection in HER

—_—)

Abort Sextupole' OFF sher_5780_016270_2.sad

x10"°> C

23, [m]

1n)ected beam

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

../l... L T |....|\3

-0.015 -0.01 -0.005 0 0.005 0.01 0.015

6=Ap/pg

Ax: 7.09E-7 Ay: 1.09E-7 YEx: 1.50E-4  yey: 1.50E-4

o
(o l—'
TTTT [T T
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@E;EE Movable Collimators (Masks)

TSUKUBA

DO1H4 DO1H5 DO2H4 1913

BCG
+ ot é (Belle IT Commissioning Group)
il |5 -HHES e
5:1:1 /8 NIKKO OHO :é L E has a responsibility of movable
g ! (é’ =i s mask control.
| a8 C g Ce
! 4| ilis  Compromise lifetime, injection,
§ and detector background.
DO06HA4
DO06HS3

RF(ARES)
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@E;EE Phase 1 : Vacuum Scrubbing

Phase 1 (no QCS): Feb. - end.of June, 2016
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Beam Current [A]
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LER has stored 1 [A] beam current. No QCS and Belle 11

[eg] ainssarg [Urw] Swnapr]

SuperKEKB control room Beast 11 group
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@EUEE Interaction Region
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Belle |l detector roII -in (Apr|I/11 2017)
QCS: Backward position

Very strong focus magnets: QCS

(Superconducting magnets)

Installation of QCS (Feb/13, 2017)




