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SuperKEKB Accelerator
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The Highest Luminosity Record in the Worid

KEKB achieved
2X103%4 cm-—2s-1,

Target of
SuperKEKB is
8x103°> cm-s-1.
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@i“é?fé Luminosity VS CMS Energy
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@EEE Nano-Beam Scheme

P. Raimondi et al.

"Narrow beams with large crossing angle”

_________________________________________________________ equivalent  \/ \J

20‘z,e,ff ~600 um

U:;,eff = 0,0z «— xandzcan be exchanged.
Oreff = U_:: < ,3; o "Extremely short bunch_” IS indispe_nsable_.
’ . e small horizontal beam-size makes it possible.
I N, N_f N/ N_f I wgﬂc]:in mgketlra]o’?h 83;.and By: sTaII
47“’@ 4m0:0z\[e40y )| e |uer$1|ionlggity ean b boosted.
1 G Vertical emittance(gy) is one of keys.
gy > 0O » qu a Beam-beam parameter has an upper limit.




Super
KEKB

Strategy of Luminosity Upgrade

Alternative luminosity formula: T o fy -1

G o; = 1\/Ey0,
KEKB SuperKEKB | "ThosY
LER | HER | LER | HER
E, 0.129 | 0.09 | 0.088 | 0.081 X 1
By tmml | 5.9 59 | 0.27 | 0.30 X 20 *
I [A] 1.64 1.19 3.6 2.6 X 2
Oy mml | 940 940 48 62 nano
e pm) | 150 150 8.5 12.8 | Lowemitance
L [cm2s1] 2.1x1034 8x103° X 40




Super
KEKB

Phase-1: February 1st, 2016 - June 28th, 2016.

No final focus system, vacuum scrubbing, low emittance tuning
Phase-2: Late 2017 - June 2018

Final focus system, Belle Il without vertex detector, the first collision
Phase-3: October 2018 -

Physics run with full detector, squeezing beta and increasing currents
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@EEE Five Big Issues (FBI)

. ' Issues in the initial
1. Beta Functions at IP (Bxy*) commissioning
(Phase-1)

® Final Focus system (FF) to squeeze beams at the IP
2. Vertical Emittance (gy)

® How to reduce machine error ?
3. Collective Effects and Lattice Nonlinearity

® Beam-Beam, Electron-Cloud, nonlinear magnetic fields of FF

4. Beam Lifetime and Detector Background

® Touschek effect, Beam-gas scattering(vacuum pressure),
Movable Collimators

5. Beam Energy
® Y(S) to Y(6S)



Super
KEKB

"Interaction Region"

- No Final Focus system,
BTk 3

BEAST detector to study backgrounds
(outside of the region, the same magnet
configuration as the Phase-2.)

Belie i / B el o, ® Vacuum scrubbing

/1

@® new ante-chambers

@ to reduce detector background in

Phase-2

® Check of apparatus & software

® RF system and Vacuum system

1111111
,,,,,,,,,

® magnet control and beam monitors

® Low emittance tuning

crossing angle: ® vertical emittance, reduction of
83mrad  (e+) (e-) machine error



@fg Vacuum Pipe in LER

NEG strip
Screen
o

< \ (@4mm. 6mm New ante-chamber with TiN
== piteh) coating 1n the arc section
S~ -

Aluminum-alloy

Absorb intense synchrotron
radiation

® Ante-chamber+TiN coating
suppress electron cloud effects.

Bellows chamber made of

aluminum-alloy without TilN

coating (~800)
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RF System

RF system has been operated without serious trouble.

Total Vc: 8 MV in LER / 12.5 MV in HER at Phase-1 Normal conducting cavity (ARES)
SLLF’G’_T’KQKB will skart up with
¢
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Beam Current [A]

@i“é?fé Phase-1 Commissioning

Check of BxB feedback system
:—HERe_ """ HER£V|ggIerON T """"" """ ..-;_ 800 :, '10_5
StafthHEB;*f} """ G T e g T R e R 10T ER600 |2, 106
: - | . 8 X : , : B
D
— |Lin7
2003 [10

[eq] ainssarg  [UT

f 3/1/2016 .
, maintenance maintenance permanent solenoid
LER wiggler ON for bellows

® Total beam current of 1.01 [A] in LER, 0.87 [A] in HER.

® Check of hardwares such as RF, vacuum system, beam
Instrumentation, etc.

® 5 months operation .



Vacuum Scrubbing




@EEE Beam Current and Beam Dose

Beam current of 1 [A] and Beam dose of 780 [Ah] were achieved in LER.
Ave. pressure: ~10-6 [Pa]

Beam current of 0.87 [A] and Beam dose of 660 [Ah] were achieved in HER.
Ave. pressure: ~10-7 [Pa]
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dPidi [Pa A™']

P Vacuum Scrubbing

A—

Photon dose [photons m ] Photon dose [photons m™']
1x10" 1x10™ 1x10°" 1x10** 1x10”* 1x10™* 1x10” 1x10"° 1x10*” 1x10°" 1x10°% 1x10%° 1x10** 1x10”°
15107 o e B A B e 1x10°° AR B _
[LER] | [HER] ) 1x107
1x10™ : Whole ring (incl. wiggler) - 1x10™ %‘ 1x10°~ %
o Whole ring (incl. wiggler) 1x10° ©
4 £ 4| L
1x10 - 1x10° E_’ 1107 | e
i o — 1x10° 3
1x10° |- N 1x1o‘% < 1x10° %
| '8 % N - X107 g
1x10" L_ _ _ Arc sect ions_ _ _______°= e A 0= S 1x10" | —
_ = Q. : 6 3
: 5 © - X107 g
1x107 L 1 1x10® S 1107 L Arc sections o
i 0 ; ; @
: @ f==-=======c======- -==11x10" @
110" |- 45646 - X107 © 1x10° | o S
1X10 ] condmonlng 9 _f éf‘ éﬂ ﬁl 12(10 -8 1)(10 » ~ I .(.:.o.ndmomngl é ¢4 l 4% L ‘
1x107 1x107 110" 1x10° 1x10" 1x10° 1x10° 1x10 1¥10° 110~ 1x10" 1x10° 1x10 1x10° 1x10° 1x10°
Beam dose [Ah] Beam dose [Ah] (1w 1w
Pressure rise becomes Pressure rise becomes
8x10-7 PaA-. 4x10-8 PaA-1.
Gas desorption rate becomes Gas desorption rate becomes
9x10-6 molecules photon-1. ~1x10-7 molecules photon-1.
(0.06 m3s-1m-1) (0.083 m3s-1m-1)
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Optics Tuning

Beta Functions,
Horizontal and Vertical Dispersions,
and X-Y Couplings
for Low Emittance Tuning



Skew Q-like corrector coils are installed for each
sextupole (SD).

Skew Q generates X-Y couplings.
X-Y couplings can be corrected independent of physical
vertical dispersion (vice versa).

X-Y coupling corrector Dispersion corrector

T T T T T v T v v
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SF SF SD SD SF SF SF SF SD SD SF SF

same sign of Kj opposite sign of K 17



Correction of X-Y Couplings in LER

Lambertson Ieakage fleld generates X-Y couplings
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Ay/rms (Ax)
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Correction of X-Y Couplings in LER
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Closest Tune Approach in LER

Coupllng strength IS Improved as the X-Y coupllng IS getting smaller.

LERTUNERWNM

N l 1 L} L) I 1 l ' 1 L] L] I
[ |® Tune X(meas) | v, 44,6075 v, 46.6096
0.62 |®* Tune Y(meas) al i Dg 48 e 976
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— o 165 ' {
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: L] I L] L] L I L] LIS L] I L] I 1 I L] L L) I L 0-625: L] Al L] Ll I Ll L] Ll Ll I Ll L) Ll Al l Ll Ll
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Vertical Tune knob
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Results of Optics Tuning in Phase-|

Iltems Symbol

Coupling strength 1C 1.2x10-3 2x103
X-Y Coupling rms(Ay)/rms(AXx) 0.9% 0.6%
Horizontal Dispersion rms(Anx) 8 mm 11 mm
Vertical Dispersion rms(Any) 2 mm 2 mm
Horizontal Beta Beat | rms(ARBx/Bx) 3% 3%
Vertical Beta Beat rms(ABy/By) 3% 3%
Horizontal Tune Avy 2x10-4 5x10-4
Vertical Tune Avy 5x10-4 1x10-4

21



O

Vertical
Emittance (gy) [pm]

Vertical Dispersion

rms(Any) [mm]

Super

KEKB
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Low Emittance Tuning: Reduce Machine Error

Optics corrections have been worked successfully.
Vertical emittance of 9 [pm] has been achieved in LER.

LER

= | ® T T T 1'% skew-Q corrector coil
= \ Beam-size measurement 3 =~ (cyan) @ sextupole
B \ ; S e ——— __
- ! by X-ray monitor ]
s \ 02 —60
Z \ £ = Yy 2
- \ Y = —?m
E \ p Y ]
—Target: 10 [pm] = g 20
-______..______________________..___________-'_—';hﬂ-»-_-_._‘_-
B o o . | | g 2 & o e
E .l— l— l L I I l L L L L L) 5
:_ = -——. —:"35
— = _ 3% permanent skew-Q
2 f | additional skew-Q coils permanent 325 15 correct error field
5 \  @Focusing Sextupoles skew-Q magnet  : O correct error fie
=-Beam-Based | @Lambertson 3 @Lambertson
— Alignment G l \ —15 -
E_ . \-\--\"‘t- oy —E 10
E start op_tlcs ~—— . e _4; _5
E correcltlon | ; | Y, ]

oho"pS 4/1 5/1 6/1 771

3/1/2016
Date
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Super

KEKB

A—

Electron Cloud
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Electron Cloud

Electron Monitor

K. Kanazawa & Y. Suetsugu

- Photoelectrons

| Ante-chamber suppress photoelectrons.

3x10° ——ﬁ? ------- _ -
| Bunch spacing : 3 buckets (6 n<) ¥y .

Bunch numbers: 1500 - 1576
[ Repeller voltage: -30 V
£ Location: Arc section _

”a ) | | 5
—  2x10° [ (Photon density [photons s™ m™ mA™]) (KEKB]
% ‘Tlﬁi_v;
5 Secondary Electrons
8 KEKB]
e -6 Cu_Ante . _ o _
g »0 <07 TiN coating suppress multiplications
L
1 of electrons.
Al+TIN_Ante 7
gl (1x10™%)
Co 200 a0 e0 | 8oo. 1068

1200
Beam current [mA]

24



Super
KEKB
—

200 ——

. - Total 600 bunches

Beam-Size Blowup

Additional mitigation of EC is
permanent solenoid-like magnet.

150

. 3 spacing

. 4
2 spacing
100} ) 3 S

#+ & 4spacing

50 °

Vertical Beam Size [a.u.]

T 6 spacing

0 iOO 200 300 400 Sdb 600 700

Total Beam Current [mA]

Shorter bucket spacing becomes lower threshold of the beam-size blowup.

Pth = T 0.17 [mA]  Noblowupupto1[A]with 4

NpNgp spacing and 1578 bunches.

We will install more permanent solenoid-like magnets to store design beam current without beam-size blowup.
25
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A—

Injector Linac
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Injector Linac

Thermionic gun , ;
+ RF bunching__j} ? ! S -

* IrsCe cathode g+1 [?aer:llping Ring
" Yb doped laser ey o) / . lcirc.136 m PF
* fiber-based amp. ft /(under construction) 22 GeVe- | ER
+Yb:YAG multi- 0.1nC x 1
3.3 GeV , b o enread 4.0 GeV e+
pass amp. 10nC x 2 (prim. e-) ", g Combression System
* Quasi-traveling 5nC x 2 (in]. &)--------F:DA0C .51 7 3T 4nC x 2
side-coupled cavity  |zzzzzzzzz{@a@mx : V) =======) fo—mmmm) fommms Ve
__________________________ ’ AR
HEIAE e s
capture section -
Flux Concentrator P HER
\* — ‘ — 7.0 GeV e-
Phase-1 | Thermionic | RF gun e+ 5nC x 2
Charge 0.8 nC 0.7 nC 0.6 nC
@linac end
YEx /! Yey 160/300 um 20/18 um 1000/1200 um
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Final Focus System

for Phase-2 and later
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Final Focus Magnets in the Beam-line

August 1st, 2016
Superconducting Magnets

4 quadrupoles (QC1s, QC2s)

+ 16 corrector coils
+ 4 cancel coils (for leakage field)

+ anti-solenoid

The left side is completed !

BROOKHIVEN ﬁ

NATIONAL LABORATORY
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Super

=l 3¢ Fermilab Single Stretched Wire

Y e—

Fermilab contributes the calibration of
the final focus system.

Measurement of the magnetic field and center position of the field
by using the single stretched wire(SSW).

"
a5 B ¥ -
L .’(' i 1 w e ok

i A ~‘ .", b ,l

| | | =% Cold mass (Right-side):
oM ' b B QC1RP
i 5 VU =T QC2RP
QC1RE
23 corrector coils
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Super

KEKS How to squeeze Beta Functions at IP ?

A—

Top-view

. positron, 4 GeV

Beam pipe
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Super
KEKB

@ Vacuum scrubbing was finished with 1 [A] and more than
720 [Ah] in LER.

@ Apparatus such as RF system, beam instrumentations, etc.
were operated 1n good shape.

® Low emittance tuning has been performed.

® We are ready to Phase-2; Machine commissioning for
collision. Next milestone 1s a proof of "Nano-Beam" scheme.

@ First physics runs in late 2017 or early 2018

® Countdown to the next generation B-factory toward more
than 10°° cm2s-!
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