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Basic concepts

« B-factories reachs already very high luminosity (~1034stcm=2). To
increase of ~ two orders of magnitude (KeKB-SuperKeKB) it is possible
to extrapolate the requirements from the current machines:

Three factors to determine luminosity:

Parar.neters : Stored current: Beam-beam parameter:
* ngher Currents ] 1.36/1.75 A (KEKB) 0.059 (KEKB)
* Sma“er dampmg time (f(exp1/3)) — 4.1/9.4 A (SuperKEKB) —+ >0.24 (SuperKEKB)
e Shorter bunches \
 Crab collision [ \
« Higher Disruption 7, (1+Oi’]]i%y o
« Higher power 2er,\ Oox) By \BRy)
e SuperKeKB Proposal is based / \
e on these concepts Luminosity: Vertical f at the IP:
0.16 x1035 cm=2s-1 (KEKB) 6.5/5.9 mm (KEKB)
85107 cm 251 (SuperKEKE) — 3.0/3.0 mm (SuperKEKB)

Increase of plug power ($$$$%..) and hard to operate
(high current, short bunches)
look for alternatives keeping constant the luminosity
=> new IP scheme: Small beams, ILC-like
Large Piwinsky Angle and CRAB WAIST



Summary from Oide’s talk at
2005 2" Hawaii SuperBF Workshop

 Present design of SuperKEKB hits fundamental limits in the
beam-beam effect and the bunch length (HOM & CSR).

« Higher current is the only way to increase the luminosity.

« Many technical and cost issues are expected with a new RF
system.

« We need acompletely different collider scheme.....




e Basic Idea comes from the ATF2-FF
experiment

In the proposed experiment it seems
possible to acheive spot sizes at the focal
point of about 2um*20nm at very low
energy (1 GeV), out from the damping ring

e Rescaling at about 10GeV/CM we should get
sizes of about 1um*10nm =>

e Is it worth to explore the potential of a
Collider based on a scheme similar to the
Linear Collider one

ldea presented at the Hawaii workshop on
Super-B factory on March-2005 (P.Raimondi)
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Horizontal Collision Vertical collision

Effective horizontal size during collision about 10
times smaller, vertical size 10 times larger

First attempt to collide small beams

Simulation by D.Schulte




Linear Super B schemes with acceleration
and energy recovery, to reduce power

2 GeV e+ injection

5GeV 4 GeV e-
e+ DR (r X e- Gur
5GeV e+ SC Linac ‘ 4GeV e- SC LinaciAjl:|

71GeV e+ e )
Overall rings lenght about 6K s@“em i

rThd iiCs (0 recover energy
Collision frequencv b

Use lower energy damping rings to

120Hz™1 OOO‘FIJr tr reduce synchrotron radiation
O0OMHz No electron damping ring

Bunch train stays inthe rings . Make electrons fresh every cycle
for 8.3msec, then is extracted, — Damping time means time to
compressed and focused. After radiate all energy

the collision is reinjected in its — Why not make a fresh beam if
ring storage time is greater than 1

damping time



Crossing angle concepts

overlapping  All colliders do need short bunches

region to decrease the hourglass effect and
T the beams disruption
Sx | Both cases have the same luminosity,
l (2) has longer bunch and smaller o,
Sz With large crossing angle X and Z
1) Standard guantities are swapped: Very important!!!
short bunches x |
Overlapping - [ ) Sx/0 h -
N
Sz*0 0 /.=
Sz z
SXx
2) Crossing angle




High luminosity requires:
- short bunches
- small vertical emittance

- large horizontal size and emittance to mimimize
beam-beam

For aring:

- easy to achieve small horizontal emittance and
horizontal size

- Vertical emittance goes down with the horizontal
- Hard to make short bunches

Crossing angle swaps X with Z, so the high
luminosity requirements are naturally met:

Luminosity goes with 1/g, and Is weakly dependent
by o,



Crab Waist Advantages

a) Geometric luminosity gain

1. Large Piwinski's angle b) Very low horizontal tune shift

@ =1t9(8)o,/ o, —

_ a) Geometric luminosity gain
2. Vertical beta comparable

with overlap area

b) Lower vertical tune shift

c) Vertical tune shift decreases
~ > with oscillation amplitude
B, =o,l0 P

d) Suppression of vertical
synchro-betatron resonances

3. Crabbed waist transformation

y = xy’/(ZQ)\ a) Geometric luminosity gain
b) Suppression of X-Y betatron and
synchro-betatron resonances




mves bb betratron coupling

Introduced by the|crossing angle

Vertical waist has to be a function of x:

Z=0 for particles at —c, (- 0,/20 at low current)
/= c,/0 for particles at + o, (c,/20 at low current)

Crab waist realized with 2 sextupoles in phase with the IP in X
and at t/2inY
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SuperB Design Based on a “Standard”

2 Rings Colliderw
very similar t6 the

RiNg and IP para
C ones

ILC ring &
ILC FF

FF 1= FF

IS



Where is the real gain?

PEPII KEKB SuperB
current 2.5 A 1.7 A 2.3 A
betay 10 mm 6 mm 0.3 mm
betax 400 mm 300 mm 20 mm
Emitx (sigmax) |23 nm ~ the same 1,6 nm
(~100um) (~80um) (~6um)
y/x coupling 0,5-1% 0.1 % 0,25 %
(sigmay) (~6um) (~3um) (0,035um)
Bunch length 10 mm 6 mm 6 mm
Tau I/t 16/32 msec ~ the same 16/32 msec
Ly 0.07 0.1 0.16
L 1.2 1034 1.7 1034 11036




KEKB Beams dis

SuperB Beams dist
at the IP

Beams are focused in the
vertical plane 100 times more
than in the present factories,

thanks to:

- small emittances

- small beta functions
— large crossing angle

— Crab waist
Tune shifts and longitudinal
overlap greatly reduced

KEKB SuperB
current 1.7 A 2.3 A
betay 6 mm 0.3 mm
betax 300 mm |20 mm
sigmax ~80um ~6um
sigma y ~3um 0,035um
Sigmaz |6 mm 6 mm
| L 1.7 1034 11036



Relaxed damping time, now chosen like the PEP one:
10msec=>16msec

Relaxed y/x IP Bs: 80pum/9mm => 300um/20mm
Relaxed y/x IP os: 12.6nm/2.67um => 20nm/4um
Possible to increase bunch length: 6mm => 7mm
Possible increase in L by further ’s squeeze

Possible to operate with half of the bunches and twice the bunch
charge (same current), with relaxed requirements on g,: 2pm => 8pm
(1% coupling)

Possible to operate with half of the bunches and twice the bunch
charge (same current), with twice the emittances

Possible to have two interaction points



Luminosity x 10°

Circumference (m)
Revolution frequency {(MHz)

Eff. long. polarization (%)
RF frequency (MHz)
Harmonic number
Momentum spread
Momentum compaction
Rf Voltage (MY)

Energy loss/turn {Mel/)
Number of bunches
Particles per bunch x10""
Beam current (A)

Beta y* (mm)}

Beta x™ (mm)

Emit y (pmr)

Emit = {nmr)

Sigma y* (microns)
Sigma x* (microns)
Bunch length {mm)

Full Crossing angle (mrad)
Wigglers (#)

Damping time (trans/long){ms)

Luminosity lifetime {min)
Touschek lifetime (min})
Effective heam lifetime {min)
Injection rate pps (100%)

Tune shifts (x/y) (from formula)

RF Power (MW
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Possible site in the Tor Vergata University

close to the Frascati Lab
e s o 1 gl T 4 :
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Ring optimization
e Shorten the arcs by using less cells with smaller intrinsic emittance:
TME: mux=0.375, muy=0.14 =>
pi/pi2: mux=0.5, muy=0.2
o Other benefits:
- smaller natural chromaticity: gx’ from -80 to -55
gy’ unchanged
- better dynamic aperture?
- fewer elements: 6 arcs with 12 cells =>
120 5.4m long bends + 16 5.4m long bends for the FF
- arcs 250m long
- overall ring lenght 2.2Km

- optimized phase advance between arcs (pi/3) to get best
performances

emix_x =1nm (from 0.8nm) sigma_z = 6mm (from 7mm)
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e SuperB requirements different from the ILC:

- Needs geometric aberrations small, sextupoles should be
uninterleaved.

- Bends not needed to be weak (smaller synchrotron radiation)
- Bends should all have the same sign, to avoid chicanes

e Studied an FFTB-OLD_NLC stile solution: two sextupoles pairs
(x and y) at -I

Non local chromatic correction limits the bandwidth:

strong 3rd order chromaticity (V12666 and V34666 in transport
notation, T126 and T346 is the “natural” chromaticity)

Two additional sextupoles at the IP phase cancel these
aberration providing an excellent bandwidth, since they are
placed at a minimum betas location, they do not reduce the
dynamic aperture
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Dynamic aperture of ideal lattice with final
focus and octupoles

Crynmamic Aperture of Super B, ¥C, 10/20/06
T T T
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SuperB Interaction Region

2O""""I I"/'I""I
‘HER radiative bhabhas‘ :
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SuperB Luminosity Tune Scan
(crab=0.8/0, o, = 7 mm; 3x10%° particles)

Z

0.5 0.52 0.54 0.596 0.5 0.& 0.8 0.e4

. = 2.2x10%° cm st

ma
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Crab On --> 0.6/
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L., = 2.78x103! cm?s1
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Double Phase Advance Scan

Ap,, Ay, are phase advances
between IP, and IP,

The total tune (0.155, 0.185)

A 4

0.5925

The best choice is symmetric
2 X (An,/2m) = 0.155 + integer
2 X (Ap,/2m) = 0.185 + integer

A 4

0.0925

0 0.2 0.4 0.6 0.8

A 4

0.5775 A, /2m




We have proven the feasiblility of small emittance
rings using all the PEP-II magnets, modifying the
ILC DR design

The rings have circumference flexibility

'he FF design complies all the requirements In
term of high order aberrations correction, needs
to be slightly modified for LER to take care of
energy asymmetry

All PEP-II magnets are used, dimensions and
flelds are in range

RF requirements are met by the present PEP-II
RF system




Dipoles Summary

L ag (M) 045 54 | 2 | 0.75
PEP HER - 192 | 8 =
PEP LER | 192 | - - -
SBF HER - 160 | 2 -
SBFLER | 144 | 16 | 2 144
SBF Total | 144 | 176 | 4 144

Needed

0

0

144

SuperB Magnets

Shopping list

«160 (144 in Arcs+16 In
FF) “PEP-Il HER” dipoles
are used in SuperB HER

16 dipoles are used in FF
for SuperB LER

*144 “PEP-Il LER” dipoles
are used in SuperB LER
- need to build 144 new
ones, 0.75 m long

We have excess of:

* 48 bends 0.45 m long
* 16 bends 5.4 m long
* 4 bends 2. m long



Quadrupoles Summary

Lmag(M) | 0.56 | 0.73 | 0.5 | 043 | 0.75 | 0.4 | 0.45 | 1.0
PEPHER | 94 | 82 : . . : 70 | 22
PEPLER | - . - | 282 . : 16
SBF HER | 248 138 36 - 2 2 - -
SBFLER | 44 - 36 302 2 2 70 -
SBF Total | 292 138 72 302 4 4 70 0)

We need 354 quads:

« 198 quads 0.56 m long
* 56 quads 0.73 m long
« 20 quads 0.43 m long
e 72 quads 0.5 m long

e 4 quads 0.75 m long

e 4 quads 0.4 m long

We have excess of:
e 38 quads 1. m long



All and just the Pep RF system

- fits the SuperB needs




Super-B Accelerator

3.1 Accelerator overview (SeemantEatmondi)

31.1 History of B-Factories

312 Eeyissues for a Super-B Factory (Eaimondi)

Eey items:

Luminosity
Crozsing anglefcrab waist/ip
EBeam lifetime and injection
Backgrounds
Beam grnuttances and stability
Polarization
Power
Costs

313 Site requirements

3.2 Parameters (Seeman)

321 Mominal parameters for 1 = 1036 at the 45
322 Tpgrade parameters at 2.4 x 1036 at the 43
323 Luminesity at the Psi’ (3.8 Gel cm)

324 Tearly integrated luminosity

3.2.5 Energy asymmetry (Raimondi)

3.3 Layout

331 HEE (Biagini)
332 LER (Biagini)
333 Interaction region (Sullivam)
334 TInjector (SeemantEaimondi)

3.4 Interaction region (Sullivan)

341 Geometry

342 Beam trajectory

34.2 Magnets

344 Vacuum chambers
345 Synchrotron radiation
346 Lostparticles (detector)
3477 Backgrounds (detector)
348 WVacuum profile

3.5 Magnet lattice and optics

3.5.1 LEE lattice (Biagini)
352 HEE lattice (Biagini)
353 Interaction region (Raimondi)

354 Detector solencid compenszation (Biagini+Raim

355 Dynamic aperture (Cal, Wolski)

3.6 Imperfections and errors

3.6.1 Tolerances and errors (Cat)
361 Wibrations and stability (Zeeman Seryi)
361 Low emittance tuning (Wolski)

3.6.1 Final Focus tuning (Ratmondi Servi)

3.7 Intensity dependent effects

371 EBeam-beam interaction (Zhatilov)

3772 Lifetimes (BoscolotWienandstPaoloni)
373 Intra Beam Scattering (Wienands+ W olski)
374 Electron cloud instability (Heifets, Pivi)
375 Fastion instability (Heifets, Wang)

376 Gpace charge (Heifets)

377 Higher order modes (Movolkhatski)

378 Gingle bunch impedance effects (Heifets)
375 CER(Agoh)

3.7 10Multi-bunch nstabilities (Wienands)

3.8 Magnet systems (Wienands+ T ocky+Biagini

38.1 LEE dipoles
382 LEE guadrupeles
383 LEE zextupecles
384 LEE gctupeles
3385 HEE dipoles
386 HEE guadrupoles
387 HEE sextupoles
388 HEER gctupoles

389 Correction magnets

389 Damping wigglers (Koop 2Levichew)
3.8.10 Interaction region magnets (Ecklund

3.6 BEF systems (Wienands+Seeman)

371 EF parameters
37.2 EF cawities
373 Elystrons
374 TPower supplies
375 EF controls
376 EF teedback
377 Highcurrent beam loading

3.7 Vacuum system (Wienands, )|

381 Arc vacuum system

3.8.2 DZtraight section vacuum system
383 Expansion bellows

384 Collimation

3.8 Instrumentation and controls (Fisher)
391 Beamposition monitors (Fisher)
392 Beam size monitors (Fisher)
3.4 Lengitudinal feedback (Drage)
3.85 Transverse feedback (Drago)
396 TP teedback (SullivantDecler)
3897 Beam abort system (Fisher)
398 Temperature monitor (Ecklund)
399 Temperature control (Ecklund)
3.510 Control system (Fisher, Stecchi)

311 Injection system (Waccarezzatseeman)
3111 Eequirements
3.11.2 Layout
3113 Components
2114 Timing

312 Polarization (K oop)
3121 Geometry
3122 Spin rotators
3.12.3 Spin transport
32124 Measurement

315 Site and Ttilities
3131 Tunnel (Seeman)
2132 AC Power (Seeman)
31332 Cooling system (Seeman)
3134 A conditioning (Feeman)

3.14 Eeferences

SuperB CDR ready



Preliminary cost estimate

* Rings rebuild by reusing about 90% of Pep
(220Meuro), 90 Meuro (130Me recycle value)

* Ring tunnel and collider hall 40Meuro
* Injector system 90Meuro

« Convetional facilities 50Meuro

e Total about 270Meuro



Working progress

e A lot of studies to understand the effects of the crab
sextupoles done (Ohnishi, KEK)

e A preliminary solution now exists

e Very long to do list to for the ring design
optimization:
Include the injection section, the tunes trombone and the
chicane in the ring
Optimize the ARC cell
Optimize the wigglers
Improve the Dynamic Aperture (Mostly FF and Crab
Waist Optics optimization)
Design the Injection System
Optimize Length, cost and minimize power



* Possible fall back on the existing factories

e The crab waist seems to be beneficial also
for the current factories

* Potential to simultaneously boost the
performances of the existing machines
and do SuperB R&D
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Conclusions

SuperB studies are already proving useful to the
accelerators and particle physics community

We have a preliminary “Conceptual Design Report”,
based on the reuse of all the Pep hardware, that might fit
In one of the existing facilities, or in a new (and
avalaible) site near Frascati

The INFN will push any solution but particularly the last
one, expecially if the Dafne upgrade (SuperB based)
proves successful. A decision to ask for fundings to the
Italian Government might happen already next year
(About 200MEuros, mostly for the injector and the
conventional facilities)

We hope to gather in the enterprise as many labs and
Institutions as possible (See the CDR for the ones
already involved)
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