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SUPERB: NEX I-GENERATION
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APPROVED!

The ltalian Government Funds the Super-B Accelerator

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

2] Friday, 24 December 2010 10:02

The Ministry for Educatron Unlversn and Research has declded to select the SuperB proj ect conducted b the Italian
Natlonal Instltute of Nuc|ear Ph srcs (INFN as one of rts ﬂashr ro ects tn ItaI over the next few ears and has dellvered
an ||t|al fundrn for 2010 as a rparto ultrannual fundln rora Reconstructlng the hlstory ‘of the Universe by
eerhlng'tt nnt'e'elt|g'hh“rrntnolgvThrs is the INFN idea underlying the construction of
SuperB, the particle accelerator based in Italy and with international involvement, which the Ministry for Education, University
and Research has decided to sponsor and finance. A large interest has been expressed in many countries, meanwhile
IS|st”fe‘|t'tateGeay’rce'Ru33|a the United Kingdom, Israel, Canada, Norway, Spain, Poland are
taking part to the design effort. The purpose of the project is to conduct top-level basic research, developing innovative

http://web.nin.it/superb/en/media-and-press-release
|9M € committed for current fiscal year.
* Engineering Design Report.

» Construction plans.
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2007: SuperB: A High-Luminosity Asymmetric e+ e- Super Flavor Factory. Conceptual
Design Report http://arxiv.org/abs/0/709.045 |

201 1 SuperB Progress Reports -- Accelerator
http://arxiv.org/abs/1009.6 | /8v2
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FROM B-FACTORY TO SUPERB
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* Small beams
e Crab waist
e Crossing angle




DESIGN PARAME TERS

|(Bold: computed values)

Parameter
LUMINOSITY
Energy

|Circumference

X-Angle (ull)

[B.@IP

. @ IP

Coupling (high current)

[Emittance x (without IBS)

[Emittance x (with IBS)

|[Emittance y

[Bunch length (zero current)

[Bunch length (full current)

[Beam current

[Buckets distance

[lon gap

[RF frequency

|[Revolution frequency

|[Harmonic number

[Number of bunches

IN. Particle/bunch

o, @ IP

oy @IP

o @IP

o, @ 1P

[Piwinski angle

lo, ettective

I

T

L, effective

[Hourglass reduction factor

Tune shift x

Tune shifty

|Longitudinal damping time

[Energy Loss/tumn

[Momentum compaction

[Energy spread (zero current)

[Energy spread (full current)

[cm energy spread

[Energy acceptance

SR power loss

Touschek lifetime

[Luminosity lifetime

Total lifetime

|RF Wall Plug Power (SR only)

Total RF Wall Plug Power

Units
emis?
GeV

m

mrad
cm

cm
%
nm

nm
Pm
mm
mm
mA
#
%
Hz
Hz
#
#
“

microns
microns
microrad
microrad

microns
microns
microns
microns

MeV

dE/E
dE/E
dE/E
dE/E

min
min
min

Base Line Low Emittance High Current [ TauCharm (prelim.)
HER (e+) | LER (e HER (e+) | LER (e-) HER (e+) | LER (e-) || HER (e#) | LER (e)
1.00E+36 1.00E+36 1.00E+36 1.00E+35
6.7| 4.18 6.7 4.18 6.7| 4.18 2.58| 1.61
1258 .4 1258 4 1258.4 1258 4
66 66 66 66
26 32 26 32 5.06 6.22 6.76 8.32
0.0253 0.0205 0.0179 0.0145 0.0292 0.0237 0.0658 0.0533
0.25 0.25 0.25 0.25 05 0.5 0.25 0.25
1.97 182 1.97 182 1.97 1.82 1.97 1.82
2.00 2 46 1.00 1.23 2.00 2.46 520 6.4
5 6.15 2.5 3.075 10 12.3 13 16
469 429l 473 4.34 403 365 475 4.36
5 5 5 5 44 44 5 5
1892 2447 1460 1888 3094 4000 1365 1766
2 2 1 1
2 2 2 2
4 76E+08 4 76E+08 4 76E+08 4 76E+08
2.38E+05 2.38E+05 2.38E+05 2.38E+05
1998 1998 1998 1998
978 978 1956 1956
5.08E+10 6.56E+10|| 3.92E+10 5.06E+10 4.15E+10| 5.36E+10|| 1.83E+10| 2.37E+10
7.21 8.872 5.099 6.274 10.060 12.370 18.749 23.076
0.036 0.036; 0.021 0.021 0.054 0.054 0.092 0.092
277.4 277.3 196.1 196.1 198.8 198.9 277.4 2774
140.6 173.2 118.2 145.6 1851 227.8 140.6 1733
22.88 18.60|| 32.36 26.30 14.43 11.74 8.80 715
165.22 165.30|| 165.14 165.18 145.60 145.78 166.12 166.67
11.433 8.085 15.944 29.732
0.050 0.030 0.076 0.131
233.35 233.35 205.34 233.35
0.950 0.950 0.950 0.950
0.0021 0.0033 0.0017 0.0025 0.0044 0.0067 0.0052 0.0080
0.0970 0.0971 0.0891 0.0892 0.0684 0.0687 0.0909 0.0910
13.4 20.3] 13.4 20.3 13.4 203 268 406
211 0.865) 211 0.865 211 0.865 04 0.166
4.36E-04 4.05E-04 4.36E-04 4.05E-04 4 36E-04| 4.05E-04] 4.36E-04| 405E-04
6.31E-04 6.68E-04 6.31E-04 6.68E-04 6.31E-04| 668E-04| 631E-0¢4| 6.68E-04
6.43E-04 7.34E-04 6.43E-04 7.34E-04 6.43E-04| 7.34E-04| 6.94E-04| 7.34E-04
5.00E-04 5.00E-04 5.00E-04 5.26E-04
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
3.99 2.12 3.08 1.63 6.53 3.46 0.55 0.29
35 16 17 8 70 32 17 8
4.81 6.23 3.71 4.80 7.88 10.18 34.69 44.88
4.23 4.48 3.05 3.00 7.08 7.73 11.41 6.79
12.22 9.43 19.98 1.68
17.08 12.72 30.48 3.11




DESIGN PARAMETERS

Parameter Unit HER LER
Luminosity cm-2 s-1 1.00E+36
Energy GeV 6.7 4.18
X-angle mrad 66

IP Bx cm 2.6 3.2
IP By cm 0.0253 0.0205
Ex nm 2.00 2.46
Ey pm 5.00 6.15
Bunch length mm 5.00 5.00
Beam current mA 1892 2447
Horiz. tune shift 0.0021 0.0033
Vert. tune shift 0.0970 0.0971
O @ Imax dE/E 6.43E-04 7.34E-04
Lifetime min 4.23 4.48




INTERACTION REGION

M. Sullivan, M. Boscolo, K. Bertsche, E. Paoloni, S. Bettoni,
P Raimondi, M. Biagini, RVobly, |. Okuney,
A. Novokhatski, S. Weathersby, R. Centi, A. Perez, et al.
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QDO DESIGN OPTIONS

“Ttalian™ Design "Russian™ Design

. Okunev, V. Syrovatin, A. Bragin, PVobly

ERRdelon
P Fabbricatore,
R. Musenich,
ERE nen
S. Bettoni

f)esign concept: the linear sujoézqaosition of the fields genemwcf Ey the
left coil (in red) and by the right one (in blue) produces the needed
quacfmyofar ﬁefc[ (in black).




ITALIANT PROTOTYPE IN CONSTRUCTION

soon completed 2

LUNGHEZZA NETTA STRATO ESTERND
(SENIA TERMINAZIONT)
8 (60 spire complete)

Qoo
) NS NS

) Vista in sezione C-C
A'QQQQQQQQQ:Q-’ Scala: 5:1

Nella sez. C-C NON & rappresentato
1'isolamento di massa sul cilisdro esterno

Cross section

Luvata strand
cross section |



SYNCHROTRON RADIATION

M. Sullivan, M. Boscolo, K. Bertsche, E. Paoloni, S. Bettoni,
P Raimondi, M. Biagini, RVobly, |. Okuney,
A. Novokhatski, S. Weathersby, R. Centi, A. Perez, et al.

VP SR photon hits/bunch (>4 keV)
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Setup to rapidly model various designs and find the best design
parameters that minimize the backgrounds from SR



FRASCATI SITE GROUND MOTION

* 15t campaign
« 2% campaign

B. Bolzon,
L. Brunetti,
A. Jeremie

Point 3

\gt | e - /' . Analysis in progress but
ts e i preliminary results show
== that LNF seems to be a
ST eSS good site for vibrations

2

 Integrated RMS of ground motion in the basement of the new guest house
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VIBRATION REQUIREMENTS AND
EXPECTATIONS FOR SUPERB

Proposed Vibration Budget Transfer Functions of IR Components
- 200 T T T T T T T T T T T T T T T T
Element RMS Xfer Fn IP displacement .
motion total both - Solenoids

ﬁings) no fdbk | with fdbk - N ‘
Cryostat linear <1um <0.03 <30nm [<3nm 100
Cryostat rotation |<1 urad 0.02 <20nm |<2nm

m/rad
Remaining final <100 nm |<0.6RrRMs |<60nm |<6nm 0
focus quads
Arc quads <500 nm |<0.076RMS |<38 nm |<3.8nm |,
Total (two rings) <80 nNm <8 nm »

-100

+ Assumes beam feedback achieves > 10x reduction of motion at IP
— If motion is kept 10x smaller, may not need beam feedback
Budget applies to integrated RMS motion > 1 Hz
» This budget will keep relative motion < 8 nm, and lumi loss < 1%

PEP-Il Support tube
2000 — Ll e

-3 -2 -1 0 m 1 2 e 3

First Preliminary Results

we K. Bertsch
@ Frascat Site -



IR HOM STUDIES

First model of IR with
square chambers

New round chamber
introduced In this study

S. Weathersby

First results: Loss factor
for round tubes is small

compared to model of
the Super B IR

Beams Eye View
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LOW EMITTANCE TUNING

New correction scheme:
Orbit and Dispersion Free Steering +

Coupling and Beta-Beating Free Steering HER | LER
[ of (T ==y} 4] \
(f ran) o ) .‘ &x[nm] | 2.07 | 2.37
Q- Ty 0, SO
w-ORMycz | — 73
m < vea ‘\lmxn 2 ' > N i 1
w-ORMpyci 7};,:' & P SR i

it F Ny

Measured at BPM SOLENOID OFF
LER without Final Focus ..
. Misalignment Tolerated value  Corrector & Monitors 109 HandV L>1.2 m
S ' I\/l ' |_| UZZO Quadrupole Hand V 200 pm

Quadrupole Tilt 200 prad
Sextupole Hand V 100 pm

BPM resolution 1 um
BPM Offset 200 pm

iyt

Method SUCC@SS]CU” __ DOPMOfsst  200pm l | | |
>/ SAME MISALIGNMENTS o

evaluated In lattice n R

model for LER
ARCs and FF

AFTER CORRECTION , event=30 mean= 1.80620-13 [m rad]

B occurences
— 2V OTAGE

-—-5°o

=

occurencet

N

-]

| | | J
1.5 2 25 3 3.5 4 45

i m rad 1
emittance y | ) x 10

Average emittance increased of 50% respect to 167 correctors

any way 10 $ naller than design € ANCe



LOW EMITTANCE TUNING AT THE
DIAMOND LIGHT SOURCE
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SITE & LAYOUT
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SYNCHROTRON LIGHT OPTIONS AT
SUPER-B

Paran:eters S:lréeF:B StIJ_ET:;'B NSLS I
E [GeV] 6.7 418 3
| [mA] 1892 2447 500
o [m] 69.64 26.8 24.975
ex[mrad] | 2.0E-9 | 246 E-9 | 0.55 E-9
ey[mrad] |5.0E-12(6.15E-12| 8.0 E-12
yy [mA-1] | 0.334 | 0.537 0.05
ox [mm] [82.1 E-3| 92.1 E-3 | 125.0 E-3
oy [nm] |8.66 E-3| 9.11 E-3 | 13.4 E-3
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STANDARD UNDULATOR SPECTRAL
BRIGHTNESS

Parameters | SuperB | SuperB
. HER LER NSLS Il

IVU20 | 1VU20 IVU20

E [GeV] 6.7 4.18 3

n
—

—
o

| [MA] 1892 | 2447 500

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

oX [mm] 60.0 E-3 | 66.5 E-3 | 33.3 E-3

na
o

—
o
I

Solell ‘ ‘ e ; : L :

oy [mm] 24E-3 | 26 E-3 | 29 E-3

—_—
o
—
w0
T

ox’ [mrad] 33.3E-3|37.0E-3| 16.5E-3

Brightness [photons/sec/0.1%BW/mm % Imrad 2]

O'y’ [mrad] 2.1 E-3 2.7 E-3 2.7 E-3 8 ' i\ISLSH
107 g SuperB LER

N [1] 148 148 148 ; SuperB HER

| APS

17

AU [mm] 20 20 20 - I

g Spring8 : O A : : o
Kmax [1] 183 183 183 e — F’ETRA " ............ I ......... ....... ..... II ............................. ............ I

_ 10° 10"

Kmin [1] 0.1 0.1 0.1 photon energy [eV]

20



SUPERB AS LIGHTSOURCE

HER
LER

50m

75m
100m
125m —
150m

| Klystron PS -
524 Collider hall

— LINAC

specific applications concerning particle detection, advanced simulation techniques, nanometre metrology, and others." Istituto
Iltaliano di Tecnologia (lIT) is cooperating to the project with INFN. It will be in fact possible the the accelerator as a high
brilliancy light source, The machine will be equipped with several photon channels, allowing the extension of scientific program

http://web.infn.it/superb/en/media-and-press-release 2!
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EFFECT OF SECOND ORDER
MOMENTUM COMPACTION

X=X+ &0

|

+ o0

[Feedback is ON

Zem [mm)
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Number of turns

Sem [MeV]

S. Novokhatsk

0 2000 4000

6000 8000 10000 12000 14000

Number of turns

f the energy loss decreases with bunch length we havaan
instability without any threshold for a positive sign of
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FURTHER AREAS OF PROGRESS

» e-cloud Instability in the HER.

* Intra-beam scattering.
* Bunch-by-bunch feedback.

* Iracking studies for invariant spin field with Zgoubi.

* Site committee work.

Pich



