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Mt. Tsukuba

» SuperKEKB project

* Main ring status

. Linab status

2015/02/06 Advanced Optics Control 2015 @ CERN 3



SuperKEKB <

Upgrade to Belle Il detector

i -

Nano-beam scheme

QoK cle | | actkPs e N

New superconducting final

focusing magnets near the IP
TR

/ 4GeV e* 7GeV e \
SuperKEKB

New luminosity frontier
L= 8 x 10 cm2s!

€ Nano-Beam scheme
extremely small §,*
low emittance

@ High beam current

Redesign the lattice to squeeze the
emittance (replace short dipoles with
longer ones, increase wiggler cycles)

Replace beam pipes with TiN-coated beam :
pipes with antechambers Reinforce RF systems for

higher beam currents

Improve monitors and control system

Injector Linac upgrade
New capture section
L’ : RF electron gun

& — New e+ Damping Ring

>
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KEKB to SuperKEKB <EKe

2015/02/06

R
L= 1 | =L
Zere R
e e
Vertical g function at IP: 5.9 — 0.27/0.30 mm (x 20)
Beam current: 1.7/1.4 — 3.6/26 A (x 2)
Beam energy: 3.5/8.0 — 4.0/7.0 GeV

Beam-beam parameter. .09 — .09 (x 1)

High current, Small IP beta, Low emittance

Advanced Optics Control 2015 @ CERN 5



Super
KeKB
) »

Main Ring Status

—

Focus on Magnets in Interaction Region




Final Focus Magnets System (QCS)

2015/02/06

QC2RE

—

QCI1LE
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C1RE

Assemblies of eight quadrupole
magnets in collaring process were
completed in March 2014.

4 quadrupole magnets for the left
side were assembled with the S.C.
corrector magnets sent from BNL,

and they were cold tested at 4K.
The quadrupole magnets and the
correctors were excited to the
nominal current without quench.
— The magnetic field qualities were
acceptable for the beam
operation.
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Corrector Magnets ))EE

« S.C. corrector magnets are fabricated
by BNL.

» All coil windings of 43 corrector
magnets have been completed. e e |;
 The final assembly is the QC1RE o Wﬁ o T~
corrector magnets and the QC1 RP
leak field cancel magnets on the same

support bobbin. T, — :
* The assembled magnets  |EEEaE RSN <f agge

will be delivered to KEK i - s

In February. QC1RP G\

cancel magnets

Final assembly of the corrector
magnet in BNL.

BNL technician is handling the cables =
from 8 magnets on the support bobbin. T 1\
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Anti-solenoid (ESL, ESR) =

» Construction of S.C. compensation solenoid Y = cuwp B o
(ESL) is on going. e

» Although the solenoid had a damage of the =/—<cae. a7
electrical insulation between the -
superconducting cable and the support The cold test of ESL was performed
bobbin, Mitsubishi well recovered the [Snuche*é;[&fln éirc]itgéh t200t1h5e : dEegi'— was
damage, and the solenoid was delivered to . <

current without any quench.

KEK in Dec.

Completed ESL compensation solenoid.
The solenoid was divided into the 12 small solenoids.
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Schedule ) )<exe

Calendar 2014 2015 2016 2017 2018
Japan FY JFY2014 JFY2015 JFY2016 JFY2017 JFY2018
: now ' Power restrictipn Power [restrictipn Power 'restricti bn Power restrictiopn
: in summer in summer in summer in summer
: ~
( SuperKEKB Construction Lt Lhase 2 phase3 ___ —
— w/o QCS VXD install / full Belle 11
LOrlglnaI plan Start-up _ 7o seiesaGo,Belle | wgﬁe MR VXD) v y
JFY2014 Operation budget
l N
( SuperKEKB Construction phase 1 phase 2 phase3 —
. - /o QCS i VXD install w/+
LCurrent plan ongoing Startup w/o Belle I Q. Bele] 'nSta”wSﬁfe”(noW /il pele )
: More realistic estimation of schedule: 11
—i;I l months for phase 1->2, 6 for phase 2->3. I
- | | I ¥ I T 1 |
(B) DeSirabIe JFY2015 bUdget phase 1 . Ehase 2 phase 3 - h
SuperKEKB Construction Start-up  w/oQcCs QCS, Belle Il install ', qcs VXD install w/ full Belle Ii
\ w/o Belle Il w/ Belle Il (no P
l | | | | |
(A) Conceivable JFY2015 budget phase 1 _phase 2 ohase 3 |
L SuperKEKB Construction Start-up wg S QCS, Belle Il install wﬁ;lse”(no 0] VXD install w/ full Belle Il )
D D D A e B e I I

Commissioning will start in JFY 2015.

2015/02/06 Advanced Optics Control 2015 @ CERN 10



Linac Status




Super

Mission of Injector Linac ))<exe

* 40-times higher Luminosity
— Twice larger storage beam - Higher beam current at Linac

— 20-times higher collision rate with nano-beam scheme
« - Low-emittance even at first turn - Low-emittance beam from Linac
» - Shorter storage lifetime —> Higher Linac beam current

* Linac challenges
— Low emittance e-
 with high-charge RF-gun
— Low emittance e+
* with damping ring
— Higher e+ beam current
« with new capture section

40x
Luminosity

LER™NY
4 GeVlc

Belle ll Linac provides:

RE 2.5 GeV e-
PF-AR: 6.5 GeV e-
SuperKEKB: 7 GeV e-

4 GeV e+

\{‘ BT
High efficiency

e+ generator

SuperKEKB

HER
7 GeVlc

PF-AR
6.5 GeVlc

— Emittance preservation I niector Linac)
 with precise beam control 2% Beam .E:{/
— 4+1 ring simultaneous injection " O gun
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Super

Upg rade Items - KEKB

- Low emittance photo-cathode rf gun
« New positron source
- Damping ring
« Timing system
* LLRF development
Linac commissioning is on-going in parallel with its upgrade.

100 m
> Damping ring
Sector B Sector A RF gun for e+
] _. (1.1 GeV)
e- 1.5 GeV <
@J-ARC To Beam Transport

® N | o " — — .

Sector C  Secfor 1% Sector2  Sector3 Sector4  SectorS

‘ 500 m
Large Aperture S-band
Flux Concentrator
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Photo Cathode RF Gun Development

Yb Fiber Oscillator ;
T
- — e —
Syncl
Yh-doped fiber Grating pair system
/.~ Single-mode fibler 2856 MHz trigger
| From Accelerator

=

Yb Fiber Pre-Amplifier "2

1035nm

Yb Fiber Main-Amplifier

Stretcher

1740 gooves/mm
W2 Transmission grating

M Pulse
. . . i = Picker
Yb fiber and Yb:YAG think disk laser EO
UL 1L ] folaer
Regenerative Amplifier G X ﬂ H
Pockels
1 Cell

Yb:YAG

———— &

1 | Pockels
7| Cell
Multi-pass Amplifier
&f%\'?\hﬁ

258nm
> RF GUN

l\>Ir5Ce photo cathode

BBO 517nom BBO
A\ Il
J J

Frequency doubling
2015/02/06

@

3
b AN

A

Cascaded frequeﬁgy doublerss

— 4 ~ .

lQuasi traveling wave'side couple
- »\

7

\.6 nC / unc was confirmed

Next step: 50-Hz beam generation &
Radiation control

Advanced Optics Control 2015 @ CERN
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A-1 RF Gun Results

~

5.6 nC bunch charge
was observed.

[
EZ

kC
s

[sPAaiM]

[chicane SC| [SCA12] [SPAIZ]

[scaii] [spAil]

[SXAL2T]

[aD_A1 21][SYAT2T]

QD_A1.23 I

QD_AI_ISI

A1 sector at KEK linac

[GDAT1T][SYALT

RF gun

[sc_A1C5]

[Selencid Cail | [FC

Normalized emittance: 32.7 (+/-3.0) [mm-mrad] at 25 MeV

Normalized emittance: 10.7 (+/-1.4) [mm-mrad] at 25 MeV

5 T T 2.5 T T
Measured  # + Measured  +
45 Calculated " Calculated
4t {2}
$\ o *
35} ¢ N
& 3t ’ 445 F  \ o
E 25¢ g 8 AL h -
Lot a 2f N /o 1} * .
- . -_— \\ o /*, ¥ M AN $,// +
15} N 3% LN o
'3 R N : + 4 & $ +/ i
1t E 3 ; ) * 95t + z . . ; *
245 b ¥ ¥
- ‘ 05| SRR By, v
i 0 " " ; . " 0 . n " 0 " n "
‘ s, 0 1 1.5 2 25 3 35 2 25 3 3.5 4 45 5 5.5 6
) , QF_A1_23[T/m] QF_A1_23[T/m]

beam size measurement for Q-scan Q-scan emittance measurement

_____ Horizontal | Verticall ___

10.7 =1.4 mm-mrad

32.7 =3.1 mm-mrad
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Positron Source for SuperKEKB @_&_3

side view
10 nC DC QM Spoi LAS Accel.
primary e- /_? structure
I| bearn | ‘nc injection e-
T hole
Pulsé"d ST e Concentrator

e

- New positron capture section after target with
Flux concentrator (FC) and large-aperture S-band structure (LAS)
- Satellite bunch (beam loss) elimination with velocity bunching
- Pinhole (2mm) for electrons beside target (3.5mm)
- Beam spoiler for target protection

2015/02/06 Advanced Optics Control 2015 @ CERN 16
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Posﬂron Capture Section ) )<exs

Capture section has been constructed in April 2014.
We started positron comm|55|on|ng in May 2014.

Positron generation was
confirmed in June. 2014

100 —

>|tr N beam

primary electron 200 400 600

Signal from
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Commissioning Plan
and Issues on Optics Control
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Commissioning Phase

* Phase O: We are here.
- Main ring construction
- Linac commissioning and construction
- Development of the commissioning software

* Phase 1: ~6 months
- No QCS, No physics detector
- Basic commissioning, hardware check, low emittance tuning, etc.

« Phase 2: ~6 months

- W/ QCS and physics detector
- Optics, collision, and luminosity tuning

 Phase 3: 6 months ~ several years?
- W/ QCS, W/ physic detector (Physics run)
- Toward to the target luminosity.
- Study on many difficult problems inherent in the nano-beam scheme.



Optics Measurement

- All quadrupole magnets have BPM.
( ~ 450 BPMs per ring)

« Optics measurement with orbit response analysis
- Horizontal & vertical coupling:
Vertical leakage orbits associated with horizontal kicks.
- Dispersion:
Response with RF frequency change.
- Beta function:
Orbit response analysis with steering kicks.

135 BPMSs (per ring) can be used with turn by turn mode.
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X-Y Coupling Measurement

0.04 — .

Physical Coupling Betatron ool B
coordinate parameters coordinate e 3
T b 0 ry  —To u é 0 .
Px _ 0 % —Tr3 r1 Pu
y | | -1 -2 o 0 v 002y
b " e : b 00 08 04 0 04 08 12
x [mm]
<zy > T .
We can solve the - ﬂlizi - | r; Need to estimate
equations <axp,> | _;E s Px and py
< pupy > ra using two BPMs
where
<z?> < xpy >+ < ypy > 0 — <yt >
s | <®pa>—<ypy> <p2 > <y? > 0
0 <pi> < x?> < TPy > — < Ypy >
<p; > 0 < xpy >+ < ypy > < p? >

« Asimilar method is applicable to measurement of betatron phase advance.
Y. Ohnishi, 19t KEKB Review
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Low Emittance Tuning(LET) - Simulation - ] )<exe

x = 0oy [pm] [urad] AK/K
Assumed errors 0 = oy [pm]  og [pra /

Normal Quad 100 100 2.5 x 107*
Sext 100 100 2.5 x 107*
BPM jitter : 2 um Bend 0 100 0
BPM tilt: 10 mrad QCS 100 0 0
No Error No Error
bl | | | | 14 | |
B2 B12 ¢
%K)— F{Eﬂq %K)— LlEF%
o8 2.7 £0.3 pm q:8; 1.1 £0.2 pm
< 6l < 6l 1
£ (200 samples) 1= (200 samples)
Z 4} Z 4L -
2 F 2 F
O I IIl . 1 O . 1 . 1 .
2 3 4 5 6 7 0.5 1 1.5 2 2.5 3
Vertical emittance [pm] Vertical emittance [pm]

« Vertical emittance after LET is a few pm, which satisfy the

required value for the target luminosity.

Advanced Optics Control 2015 @
2015/02/06 CERN 22



Dynamic Aperture after LET @_:

200 samples

T Y I ” I ; T T T T T T T T T
No Error S0 F - v ~. NoError |
20 Ay . ! LA WY L ]

O / -:' S <7 )y o ‘\'J\'\ J
e ' p \‘ . 40 ll ’ * ‘\ |
150 RN A —an | 2 ’ \+ Vo
= % - d, \Q \s\ = ! ‘ N YO
~10F &0 7 ’ N \ : 20 + ' K Vo
('\1‘/ I_ ,’ " Q\ \‘ L . ', , \+ |‘| |
51 ,I' ," ‘e ‘\‘ 10 : ’ 'l 7
" . . “ [ :+l \ 1A
N + Longltudlnal +*\ ' 0 (o-o-& oo

0.‘ L 1 L ] " 1 L L. 1 1 1 1 | 1 1 1 1
10 -5 0 5 10 25 20 -15 -10 -5 O 5 10 15 20 25

’\/2Jz /Sz '\m

« On-momentum DA is recovered.
* Off-momentum DA is not resumed.
* Need off-momentum optics correction.

Advanced Optics Control 2015 @

CERN -
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Chromatic X-Y coupling Measurement \| /) <=<=

Y. Ohnishi, 19" KEKB Review
® Example: one-pass BPM at QCILP

@ Measurement of X-Y coupling with rf-frequency shift (-0.1<6<+0.1 %)

T T 1 T T -} L

: I T I ™ 02;_I I I I 3
0 05: 0. 01~
|
-  OoF £ :
- —0. 01__
o~ =
L — -
i 0. 02
0. 05 -
b -0. 03F-

L l 1 4 1 4 4 1 1 1 1 1 1 1 1 1 1 4 - _0.04:? 1 4 1 1 1 1 1 4 1 1 1 1 1 i 1 i I

0. 001 —5E-4 0 5E-4 0. 001 0. 001 —5E-4 0 5E-4 0. 001
0. 2 =
0. 15E o
7 O 5
— 0.05E o
Bl = o
™ OF -
— e C
~0. 05F =

-0.1E = .

-0 001 —5E-4 0 5E-4 0.001

Ap/po Ap/po
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Correction of Chromaticity ))rexa

Rotatable sextupole magnet

 Available tuning knobs
- A normal sextupole coil installed in QCS
- Normal sxtupoles (54 families per ring)
- Skew sextupoles installed in QCS (2 per ring)
- Rotatable sextuplole (12 families in LER)
- Skew sextupole (12 families in HER)

 Unsolved Issues

- Beam dose not pass through the center of sextupole
magnets in general.
Change of those magnets also affects the on-momentum
optics, thus, emittance.

- Unfortunately, realistic procedure for tuning of
dynamic aperture with LET is still an open question.

2015/02/06 Advanced Optics Control 2015 @ CERN 25



Summary

« Construction of the main rings for Phase 1 commissioning is
In the final stage.
Commissioning of the main ring will start in JFY2015.

* In parallel to the main ring construction,
the linac construction and its commissioning are ongoing.

* Phase 1 commissioning
- Basic commissioning and low emittance tuning.
- Optics control based on KEKB is expected to work well.

« Unresolved Issues for optics control after Phase 2.
- Realistic procedure for tuning nonlinear magnets.
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Thank you for your attention!
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Backup
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Machine Parameters

LER HER
Energy (GeV) 4.0 7.00729
Current (A) 3.6 2.6
#of bunches 2500 2500
B." (mm) 32 25
B, (mm) 0.27 0.30
g (nm) 3.2 4.6
Ey* (pm) 8.64 11.5
o, (mm) 6 5
Vi, V, 44.53 , 46.57 45.53 , 43.57
v, -0.0247 -0.0280
g, 0.0881 0.0807

Luminosity (10% cm™

s1)
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Collision Scheme cerD

~ 3

KEKB head-on (crab crossing) Nano-Beam SuperKEKB

) O, 5-6 mm o, 10-12 um
o. 100-150 um

X / d
O, 6-7 mm #
g%
¢ Half crossing angle: ¢
overlap region = bunch length overlap region << bunch length

Hourglass requirement
*

s * Gx
/J’yZO’Z ~ 6 mm ﬁyZ? ~ 300 pm

Vertical beta function at IP can be squeezed to ~300um.
Need small horizontal beam size at IP.

S — low emittance, gmall, !;lpg&ig)gmg,ysl%ge@hlfunction at IP. i b ha
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Normal conducting magnets in the IR
have been installed & the 15t round of

alignment has been carried out.

R

¢
L,

AREWE

Belle Il
detector

=

- -

ee=ud\ | October, 2014
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Commissioning Tool and Diagnostics System

11/07/2014 14:08:12  Help
.
Wire scaner |
B, @SCROD3 [rm] : 16.421 B, @SCRO03 [m] : 8334 |
a, @SCRO03 5.800 ay @SCR0O03 1.938 |
& ml: TH221E8 & [m) : 1.5607E-7
1.5 - D, [r] 1.1746E-7 Mg, [m] © 5.8965E-8) |
;1 e Ve, [mmmrad] : 208.082 Ve, [nmmmrad]: 227,042 ||
2 0.5 A Aye, [mm.mrad] 321.388 Aye, [mmm.mrad] 161.338 ||
= 0 - Goodness X : .000 Goodness y: 000 |
105 N Brmag x 81286 Briagy 1426
$ -1 = €Bmag x: 24094E-7 €Bmagy: 2.2263E-7
-1.50 s a Ve Bmagx: 659.241 ye Bmagy: 609.159 ||
B S - - ) Optics Plot |
X[mm] X[mm] |
'Y phase space atWire A~ Y phase space at Matching Point |
o T T T
& 50 |
»40F W |
39»\ 1 i
J |
Ik

pY/pz |mrag]
P1/pz |mraaj

FitX Fity
(e S B S S U630 ESeser PSR Br el .20
5 . | 6
1
To.8 T 1.5
<0.6 =
~ 0.4 o
#9.2 i 0.5
o 0

Wire Selection

*Calculate Optics® |

© 3wireABC  © 3wireABD  © JwireACD  © 3wireBCD ||
© 4wire:ABCD

¥ NonLinearFit ¥ IniValue(SVD) |

Er(meas),ns n: [0 Err(opt) (%): | 0 |

Save All Parameters

Gmag values were SAVEd to /idatal/KEKBM/ire/LINAC/sectorB/electron/data/Qvalue/igname_2014_11_7_11_56_39.dat0

Quadrupole -scan

2015/02/06

B

ISR e

I

I

e | r
% Use Scaing _Save ths scaing
Wareai[l  wfawy  man e
Varea:[;tofas max: 493
H scale [px/mmi] < [20.00 V scale [px/mm] : [25.00 [
I I =0.352 +-0.030, b:1.177 +/0.03 |-
H center it : 195,00 V center pix: 706,00 4 L
N
Get Profie Replot | ¥ Auto Get Profie [
Color 35 L1
© BBGRW  BGR " Gray - [
n | S\ [
i 3FT
hvax ; L
P AsoGet W xgaussfi ™ xauto scing + (—
I Use Background P
Sesupec Ry gauss fit I™ y auto scaing =2 r
I Average Mode count: ™ hide Singe L
2L
™ Use Threshad X Vae : [525 Curtent Vabe : 3.056115¢+006 +
[V Use Threshold Y  Value : |4e6 Current Value : 3.058406e+006 [~
oy 15 b L
fx Gy cxy Eewyieq:eo
1:5.99 5 set1 1k *
vagnet g
anet:[Qo_a1 23 <] 2o - N
5 % s s P
Save Magnet 1| Reset tagnet 1 [f| 05 $ : % t s
e i
easurement pont :[20 # of each 15 o X . X R )
Fleneme : ¥ Auto] 0 1 2 3 4 5
Run Qscan | Get Background |7 save al data QD_A1_23[T/m]

B File Edit Window

SPR063:SPC14:SPC24

plxy +p2xy31p3

SPR063:SPC14:SPC24
@
%
x
&
<
£
a
-5 -4 -2 0 1
Xy [mm]
.119 [mm]

xp(meas)-x,(calc)

(meas)-yz(calc)

.‘ Eile Edit Measuremenl Correction S(eerlng Orhl( Windo

Electron Linac Orbi

Super

KekB

3-BPM method

PROG3: SPCT4:SPC24
PC14:SPC24:SPC34
ISPC24: SPC34: SPC44

Plot BM |
Plot Al |
300
@ threshold 1.5
det oM |
Max Events 300
Interval [s]

save: bpm_2014_12_10_2215. dat

Improved orbit display

SPROS:
min. =6.57 m
@ SPRO42

r.n.s =1.809 m
max, =3.397 mm

@ SPeas
3 min. =12.714 m
8 15T

Thres-8 eas{ 4F
g2k . - N 4
% [ I WA e e /,/}\' ) RN A
= b 1/ Xy 0
-4 ; i Wy ; - .
of-- R 1 . - -
i + t + t
72 M
£y PP S SIS S 3
;,2 Ve B e S e /.v.\. s T
-4F I 1 1 3
o - B i N N - e , -
- + t + t e
R e E
e
22 F .
st ro0e

B L
FERRBREE
@ Electron
[ wa ~®p wr we 1 r2
| @ meas u stat " ref

Bunch length measurement

3

4 5

M meas-ref |~ stat-ref Wmeas (2-bunch) M stat (2-bunch)

with streak camera

Advanced Optics Control 2015 @

CERN

g Posi(ion‘range‘DX ~ Auto = Fix (5) A|¥|DY © Auto © Fix (5) A V‘Q  Auto © Fix(2) A/ ¥|e/e' 4 A|¥| Replot

Clear Statistics | Standard Size

meas -> ref | stat > ref
B Meas Condition
Live Time A|:|uu|se
Accum.Time pulse

Control the Streak Eumeru —/

v-Sweep Hange | 6.2n3
K\-rg,

MCP Gain k %
Y-

Delay

421 ent
Ak c= 301319 463 cnt [ search pulse :
FWHM = 8.027ps (361.295ns) _
AREA = 274879 cnt Input Optics
G [T T T T T 1T T T Focus :
slit Width :

6000 |-
4000 |

2000 -

0 A

© Gravity Integ.
quit] (o1t |

Image Status

Table... |

<< Condition : BeamC6699_A1>>
Accum.Time 18 pulse

Mcp Gain 188[%]

Streak Mode 8.28[NS]

Streak Trigger SINGLE
®:-11.942 ¥:0.800 2: 4.9488
DC Calibration ON

36122ns  361.24ns  361.26ns  361.28ns

DATE 2014:11:18

361340 TIME 16:38:58

36130ns 3613208

<< Comment >
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