PROGRESS OF SuperKEKB
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Abstract

SuperKEKB is designed based on the ‘nano-beam
scheme’ with the target luminosity of 8x10*> cm™s™. The
design of the interaction region (IR) with a very low *
at the interaction point (IP) is discussed. The status of the

installation and the injector commissioning of
SuperKEKB is reported.
INTRODUCTION

The previous project KEKB was an e—/e+ collider that
is used for physics experiments mainly conducted at the
Y(4S) resonance. KEKB has the highest peak luminosity
in the world, 2x10* cm™?s™". KEKB has been in operation
until 2010. Afterward, upgrading of KEKB has been
initiated toward SuperKEKB. The target luminosity is
8x10* cm?s”, which is 40times higher than that of
KEKB. The required integral luminosity is 50 ab™. For
the upgrade, the KEKB tunnel is being reused, and the
KEKB components are being reused as much as possible
in SuperKEKB.

Luminosity mainly depends on three parameters: the
beam currents (), the beam-beam parameter (§,), and the
vertical beta function (/J)*y) at the interaction point (IP).
For achieving 40 times higher luminosity than that of
KEKB, the current / is doubled, the beam-beam parameter
E, is kept almost at the same level, and /J)*y is reduced to
1/20 of the KEKB value, based on the ‘nano-beam
scheme’. Table 1 shows the SuperKEKB machine
parameters. As the nano-beam collision scheme, beams
collide at a large crossing angle, 83 mrad. Thus, the
length of the overlap region of the two beams at the IP is
expressed as o,*/¢. For realization of the small ﬁ*y, low
horizontal emittance €, and small ', are necessary. The
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value of ﬁ*y at the SuperKEKB is 0.3 mm.

As part of an additional design concept, beam energies
are changed. The LER energy is increased for longer
Touschek lifetime and mitigation of emittance growth
owing to the intra-beam scattering. In HER, as the energy
is decreased, emittance becomes lower and synchrotron
radiation (SR) power decreases. For the low SR power,
the KEKB beam chamber can be reused.

Table 1: SuperKEKB Machine Parameters

Parameters units LER HER
Beam energy GeV 4 7.007
Half crossing angle ¢ mrad 415

Num. of bunches 2500

H emittance €, nm 32 4.6
Emittance ratio % 0.27 0.25
Beta functions /8, mm 32/0.27 25/0.30
Beam currents | A 3.6 2.6
Beam-beam param.§, 0.088 0.081
Bunch length mm 6.0 5.0
H beam size o,* um 10 11
V beam size o,* nm 48 62
Luminosity cm?s? 8 x 10*

The estimated beam lifetimes forboth rings are 6 min,
obtained without the considerationwithout beambeam
effect. An effect of the beambeam interetion to the

beam lifetime and other beabeam related issue are

discussed elsewhere [1T.herefore high bunch charge



injection beams with low emittance are requirddhe
LINAC has beempgraded, anthe positron damping ring
(DR) has beerconstructecanewfor SuperKEKB.

UPGRADE STATUS OF MAIN RINGS

Final Focus Superconducting Magnets
SuperKEKB is based othe nanebeamscheme Final

focus (FF)quadrupoles have to be located as close to tt

IP as possiblebecause beamze is strongly reducetb
the nm scale The quadrupole magnetsire therefore,
located insidehe Belle Il solenoid fieldsf 1.5T.

Figure 1 show the layout of the FF superconducting
magnet.Pairs of QC1 and QC2 arfeF doublet. The QC
magnets are equipped with theorector coils for
multipoles  (nomal/skew  dipols, skew quad,
normal/skew sextupode octupole) ES solenoids are
compensation solendd for canceing the Belle 1I
solenoid field. QC1LP and QC1RP ithe LER arelocated
in a strong solenoid fieldand space iBmited. Thusthey
do nothavethe magneticyokes. The corector coils are
installed inthe HER line forcancelingthe leakage fielsl

Thelnteraction Region

The ratural chromaticity oSuperKEKBIs higher than
that of KEKB. Especially, lhe vertical chromaticityis
high significantly. 80% of the chromaticityis induced by
the FF.  Horizontal and verticallocal chromaticity
correctiors (LCC) are adopted forcorrectng large
chromaticity neathe FFin both ringsas shown in Fig3.
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Figure 3 FF optics with local chromaticity correctian

from QC1LP and QC1RPThe FF magnets have been
very carefully designed and fabricated to minimize the

higher multipole fields which are crucially important for

the wide dynamic aperture.
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Figure 1 Layout ofthe FF superconducting magnets
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Figure2: Picture of &ft side superconducting magnets

Since hrge crossing angle and LCC are adoptedin
SuperKEKRB the beam line of 320 m around IR has been
reconstructed completely. All  components were
dismantled in 2013. At preserdlmost all magnets have
been instlledas shown in Fig. 4
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Figure 4: The beam line of ~320 maround IR hadeen
reconstructed¢ompletely.

TheMagnet System

For low horizontal emittancee,, the lattice was
redesignedThe LER dipole magnetsf 0.89 min the arc
were replaced with ones of 4, as shown in Fig5. In the
case of HER, HWa functions anddispersions were

Figure 2 shows a picture of left side superconductingpodified for mqkingthe emittance asmall as possible
magnets. Assemblies of all quadruple magnets wekecause the dipole magnets the KEKB HER are
completed. A cold test at the temperature of 4 K wasufficiently long

performed for left side magnets. Satisfactoryfgmnance
for beam operation was confirmed.
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Figure 5:The LER dipole magnets of 0.89 m in the a
were replaced with ones of 4far low «,.

Figure 6 shows the wiggler magnets. \iggler magnets
have been installed inboth ring for shortening of
radiation damping time andeducting theemittance In
LER, wiggler cycles were shortenedfor small dispersin.
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Figure 8 Wiggler magnet have been installed in tF
both rings Wiggler cycle was shortened in LER.

Most of the magnets havealready beeninstalled.
Integrated testing with power supply is in underwahe

precise alignment work of magnets will be initiated soon.Figure

TheVacuum System
Effects of the electron cloud ithe LER positron ring

are more serious thaat KEKB. Various countermeasures

for prevening emittance growth owingto headtail
instability are necessaryTable 2 shows the vacuum
chambers installed in each sectionas the
countermeasures.

In LER, almost all chambers wereeplaced with
aluminium antechambers with TiN coatimg shown in
Fig. 7. Specfically, in the dipole magnet sectiona

this date almost all beam pipes in LER have bedneady
replaced with new ones.

Table 2: Vacuum Chambers in LER

Section Vacuum chambers

Drift Antechanter(Al) + TiN coating + Solenoid
Q, Sx mag Antechanber(Al) + TiN coating

Bend Antechanter(Al) + Groove + TiN coating
Wiggler Antechanber(Cu) +Clearing electrode

Arc Section

Groove
(SuperKEKB:

Clearing
| Electrode

8 Groovetype antechamber (left) and
antechamber with clearing electrodéright).
UPGRADE OF THE LINAC

Table 3 shows the LINAC parameters. The

requirements on the injection beam are: electrons of 5
nC/bunch and positrons of 4 nC/bunch, with low
emittance (yBe, below 20 mm-mrad). Positron capture
section has been upgraded for four times higher positron
yields compared with KEKB, and low emittance is
realized by DR. The photo-cathode RF gun, which yields

grooved type antechamber with TiN coating is employediigh bunch charge and low emittance, is being developed.
In the wiggler section,an antechamber of copper with This is a challenging work. The thermionic electron gun is

clearing electrode is employeés shown in Fig.8.
Suppression rate of electron cloud ard/5 with the
antechambers1/50 with the solenoids 1/4 with the
grooves, and 1/100 witrelectrods. TiN coatingis 3/5 for
Cu and1/50 for Al. The TiN coating is indispensablerf
Al chamber because Al hakigh emission rate of
secondary electrong\fter TiN coating, theemission rate
of secondary electraris the samédor Al and Cu.As of

also employed for producing a 10 nC beam of primary
electrons for positron production, and it is located above
the RF-gun. Two-bunch injection is performed for one
pulse at the 50 Hz repetition rate. Figure 9 shows the
layout and beam energypatterrs of the LINAC. The
LINAC serves as an injector for four rings (LER, HER,
PF and PF-AR of light sources). Beam modes are
switched in pulse-to-pulse for 5 rings including the DR.



Downstream othe DR, the acceleration energy depends R 2 &
on the beam mode.hErefore, pulsed quads and pulsed | | ‘.//f‘ o 1 o
steering magnets will be indted for optimizing the e iy '90d AR
optics for differentbeam energieand forsimplifying the ; e 28 Hybrig
beam handlingFor low emittance preservatiolocal and AR e
Ly >
a\

global alignment error tolerance values of 0.1 mm rms
and 0.3 mm rms, respectively, are required [2].

Beam commissioning [3] has been performed during
the upgrading. The status of the commissioning is 3
reported as well. " « / J :

-

Table 3 KEKB/SuperKEKB LINAC Parameters Figure D: Photecathode Quasiaveling waveRF gun.
Parameters Positron Electron
6 T T
Beam Energy [GeV] 3.5/4.0 8.0/7.0 1 week
5 - P S
Bunchcharge [nC] 1* [ 4* 1/5 (5}
E 4nC/bunch
EmittanceyBe,[mm-mrad]  2100/20 100/ 20 g -
£33 £ Sortforsh |
Energy spread [%)] 0.125/01 0.125/0.1 = ] |
5 2f
Number of bunch 2/2 2172 M : ; i !
1F HE—— I
* : — :
(*) bunch charge of primary electron =10 nC il 3 A o AL ("c;
Ligever 2014/12/01 2014/12/15 (YM,D)  Archived 1/10s
Q” szaev ’-‘°"°"”“'?éé*s"._ i Figure 11 The bunch chargat theRF gun exit
| W{w{ggsnzxx“‘"mﬂ 1 5’;.‘ } ) (e i g s
o e qunds & Pabed ewrng s "ER LER Emittance measurement was performed wihads
scan. The éam airrent was 3 nC at the screen. Tleaim
Figure 9 Layoutof injector LINAC. size was meased shotby-shot by usinga camera.The
measurechormalized emittance wa#9 mmmrad in the
ThePhotocathode RF Gun System horizontal and26 mmmrad in the vertical directions

A photocathode quasiaveling wave side couple RF _Emittance@n thg hor_izontal .direction veahigher tharthat
gun [4] was installed as a lovemittance electrobeam N t.hevertlcald|rect|on, Wh|ch_wa$aused pyhe laseOs
sourcein Septemberof 2013 as shown in Fig10. This mmdenc_e angIgAs a result, hlgh acceleration voltage of
RF gun has atrong focusing forc@wing toaccelerating RF 9un is required for small emittance.
field. Thus, itcan generate electron besauwith up t010  ThePositron Capture Section
nC charge For 5nC/bunch, 5 mmmrad nomalized
emittance is expected fromsimulatiors. For a
photocathodean Ir;Ce cathodeis employed. Ithas a long
lifetime and its quantum efficiencyis 10*. The lksefs
incident angle is 60deges relativethe cathode surface.
An Yb:YAG laserhas beemmployedas a laser system

The msitron capture section has been reconstdct
completely for achieving the positron yieldfourfold.
Figure 12shows thenew psitron capture section. It was
installed inMay 2014.The capure section consists of a
flux concentrator (FC),a bridge coil, and six large
aperture Shand acceleration structsréLASs) covered
Commissioning ahe Photocathode RF Gun by a DC solenoid.The FC is employed for large energy
accepance, and_ASs areemployed forlarge transverse

cceptanceA hole (=2 mm) for low emitance electron

eam is oraxis. The positron targes off axis. Theorbits
of the electron beam and of the primary electron beam for
positron production are switcheby using two pulse
steeringmagnetsipstream of the target.

The laser condition was Bunch25 Hz. The RF gun
acceleration voltage was limited to 6.5 MV by breakdow
(design: 13.5 MV). Figure 11lhsws the bunch charge
immediately at the exitfrom the RF gun. At the
beginning,the bunch charge was limited ke thermal
effect. After the Yb:YAG thin-disk cooling was
improved[5], the bunch charge of 4 nC has been
maintainedfor aweek.The laser power increased atite
stability also improved
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Figure 12 Photo of positron capture section (left) a
schematic drawing around the positrianget(right).

Commissioning dPositron Capture Section

First positron commaioning was performed one month
after the installation. Operation conditios of the FC
current, the DC solenoidcurrent, andthe acceleration
field of the LAS werenot fuffilled at that time. The
charge of primary electreanwas 0.6 nC. The positron
yield was30% at the end ofhe capture sectiorand20%
at the end of Sectd?, as shown in Figl3. At the DR
ertrance, positron yield abovel0% is necessary.
Commissioningunder conditionof design parameters will
start during October 0f2015. From the simulations
results we expect a twofolthigherpositron yield
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Figure 13 First result of positron beam commissioning

THE POSITRON DAMPING RIN G

Construction of thdR tunnel was completed in March
2013. Figure 14 shows the 1.1 GeV positon DR.
OReversbend FODO latticeO is employed as DR
normal cell. The featurs are

* Shorter damping time (10.8 ms).
* Large momentum aperture (1.5%)
* Low momentum compactiqi®.0144).

Emittance is damped from 1400 nm to 43 nm in 40 ms

As a currenstatusthe installation ofagnetsn transport
lines between LINAC and DR has almost been
completed.The installation ofmagnetsin ring will start
duringJune of 2015.
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Figure 14 The 1.1 GeV positron @mping ring.

SCHEDULE

The SuperKEKB commissioningvill be performedin
three stages: Phase 1, Fhase2, and Phase.3

The first beam commissioning Phase 1 will start early
next year. Vacuum scrubbing and basic machine tuning
will be performed at thatime. A 1 nC/bunchinjection
beam is required. Low emittandejection beam is not
necessary.

Phase? is scheduledo startin the middle o2017.The
FF magnés and Belle Il detectorexcept fora vertex
detector will be installed before Phas@. Collision
experiment is planme and luminosity is expected to be
the same as that of KEKBOslesign.Low emittance and 2
nC/bunch injection beam is required. DR beam
commissioning, therefore, will start before Phase 2. Top-
up injection with pulse-to-pulse mode switching is also
necessary during this phase.

Phase3 will start during OctobeR018. This ighe start
of the full current and full Belle Ibperation At this time,
low emittance and 4 nC/bunch injectionbeam will be
required. We aim at a target luminosity of 8x10*cm™s™.
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