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What is Supers ?
N/

« SuperB is
- A Super Flavour Factory with L > 10°¢/cm?/s

- An asymmetric energy e*e collider
« Nominal 7 GeV e on 4 GeV e" at Y(4S)

* Flexible running energy & beam polarization options

- Based on a new approach to collider design
Avoid limitations due to high beam currents
(high backgrounds, costly power bill, etc.)

- The machine to measure new physics flavour
couplings in the LHC era



SuperB conceptual design report

INFN/AE-07/02, SLAC-R-856, LAL 07-15
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Available online:
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. J.L.Hewett, D.Hitlin (ed.), SLAC-R-709,
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Motivation

« Major challenge for particle physics in the next
decade is to go beyond the Standard Model

« Two paths to new physics

1) “relativistic”

New heavy particles
produced on mass shell /\
Sensitivity depends on:
avallable centre-of-mass energy
knowledge of Standard Model backgrounds



Motivation

« Major challenge for particle physics in the next
decade is to go beyond the Standard Model

« Two paths to new physics P
2) “quantum” "

»
- -
--------

New heavy particles
produced off mass shell (“virtual”)

Sensitivity depends on:
luminosity
knowledge of Standard Model backgrounds




A Tale of Two Frontiers
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LHC-SuperB Interplay

1) LHC discovers new physics

- Can it be flavour blind? (ie. no signals in flavour)
* No, it must couple to SM, which violates flavour
« Any TeV scale NP model includes new flavoured particles
- What is the minimal flavour violation? (ie. worst case)
« NP follows SM pattern of flavour and CP violation
« SuperB detects NP effects for particle masses up to >600 GeV

- What if NP flavour couplings are not suppressed?
« SuperB measures NP flavour couplings and distinguishes models

2) LHC does not discover new physics

- Problem for naturalness?
* Not really — just an order of magnitude argument

- How to probe higher mass scales?

« NP models with unsuppressed flavour couplings can reach scales of
10s, 100s or even 1000s of TeV



LHC-SuperB Interplay

 Flavour observables are complementary to
those at the energy frontier

- measure different new physics parameters
- powerful to distinguish models

; LHC new physics discovery?

Need to measure Need alternative way to
flavour parameters that search for new physics
cannot be studied at LHC beyond the LHC scale

| ) G



Hints of New Physics in Flavour

« Several exciting recent measurements
- Discrepancy in (g-2)“

theory >

experiment >
PRD 73 (2006) 072003
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Hints of New Physics in Flavour

« Several exciting recent measurements
Time-dependent CP violation in hadronic b—s

penguin dominated decays sin@2p) =s

(2¢
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Hints of New Physics in Flavour

« Several exciting recent measurements

- Anomalous CP violating phase in B, — J/y ¢
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Hints of New Physics in Flavour

« Several exciting recent measurements
- Opposite sign CP asymmetries in B*° — K'n%~

Belle: Nature 452 (2008) 332
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Hints of New Physics in Flavour

« Several exciting recent measurements
- Rates of D_leptonic decays

arXiv:0803.0512 [hep-ph]
CLEOCc results updated at FPCP 2008
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Hints of New Physics in Flavour

« Several exciting recent measurements
- ... and many more

e “tension” in UTfit, rate for b—sy, etc.

 Rather than discuss details of each
measurement, draw general conclusions
from the overall picture

- Flavour is highly sensitive to NP
- MFV hypothesis may be disproved
- Need to focus on theoretically clean channels

15



Flavour Observables Sensitive to New Physics

Am, €, ele, B(K,»m’vv) B(K > vv) B(KT=1v)
Am, Ag(By) S(B,—JIwKs) S(By—¢Ks)
x(B—-m1m,pmt,pp) y (B—DK) CKM fits
Am, Aq(B,) S(B,Jlyd) S(B,—dbd)
B(b—sy) Aqb—sy) S(B°—K.m'y) S(B;—¢y)
B(b—dy) Ag,(b—dy) Ag,(b—(d+s)y) S(B —p°y)
B(b—sl'l") B(b—-dl'l") Amg(b—sl'I) B(b—svv)
B(B.—~I1"1") B(B,—I1"I") B(B"=I"v)

B(u—ey) B(u—e‘e e') (9-2), u EDM
B(t—uy) B(r—ey) B(t'—=I1"1"1") = CPV 1t EDM
B(D; —1"v) Xy Vo charm CPV

... add your favourite here ... °



Good News and Bad News

 Bad news
- no single “golden mode”
- (of course, some channels preferred in certain models)
 Good news
- multitude of new physics sensitive observables
- maximize sensitivity by combining information
- correlations between results distinguish models

SuperB
“treasure chest”
of new physics sensitive
flavour observables

17



Will be Studied at SuperB

Am, €, ele, B(K,»m’vv) B(K > vv) B(KT=1v)
Am, S(B,~ Jlw$) S(B,—~do)
B(b—sy)||Apb—sy)] |S(B°-K.m°y)| S(B,—¢y)

»(b—=dy)|[Ag(b—(d+5S)y)

w
S
!
Q
=
>

B(u—ey) B(u—e e e") (g—2), u EDM

Blr—uy)||B(r—ey) B(T+—>/+/_/+>
TRy
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ALNIVLHYIDONN TVOILIHOIHL ONISVIHdO3d

Focus on theoretically clean channels

no theory
improvements
needed

B(J/y K), v(DK), afrm)*,
lepton FV and UV, S(p%)
CPV in B->Xy, D and t decays
zero of FB asymmetry B->X.I'I

NP insensitive or
null tests of the SM

or SM already known
with the required accuracy

improved
lattice QCD

meson mixing , B->D(*)lv,B->n(p)lv,

B->K*y, B->py, B->lv, B.->up

target error: ~1-2%
Feasible

improved
OPE+HQE

B->X, v, B->Xy

target error: ~1-2%
Possibly feasible with
SuperB data getting rid
of the shape function.
Detailed studies required

improved
QCDF or
SCET
or flavour
symmetries

S's from TD A
in b ->s transitions

target error: ~2-3%
large and hard to improve
uncertainties on small
corrections. In addition,
F S+data can bound
the theoretical error

table by M.Ciuchini



Super Flavour Factory

« Data taken at Y(4S) allows studies of B, tau,
charm, charmonia, ISR, yy physics (and more)

« SuperB is designed with flexible running energy

- charm-tau threshold region

- other Upsilon resonances - including Y(5S)
= can study B_sector, including Al'_and ¢_(but not Am )

« Considering beam polarization option
- study chiral structure of various processes

- significant improvement in sensitivity for T EDM
see arXiv:0707.1658 and arXiv:0707.2496 20



Lepton Flavour Violation

« Observable LFV signals predicted in a wide range of
models, including those inspired by Majorana neutrinos

B(t—uy)x107 |

0.1 ¢

SUSY GUT based
~ - model

MNS
CKM

Present bound

X

Process Sensitivity
B(r— pny) 2x107° <
B(tr —e7) 25107
Bir— ppp) 2x107%°
B(r — eee) 2x 10719
B(t — un) 4310
B(t — en) 6 x 10710
B(r — (KY) 2x1071°

107 B(z->uk)

0.01 |
0.001 ¢
1e-04

1e-05

1e-06

G600 800 1000 1200
Mz

1
1400

1600
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Lepton Flavour & Neutrino Physics

In many scenarios, LFV rates are linked to (both
low and high energy) neutrino parameters

Antusch Arganda, Herrero & Telxelra, jHEP 061|1 (2006) 090

10™ ¢
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Charm at SuperB

 SuperB can study the full range of charm
phenomena - including CP violation

>0.04 Recent evidence for charm

HFAG-cham

CP violation in charm highly oo Feraer | MIXING opens the door for CP
sensitive new physics probe - violation studies at SuperB
0.02— —
TR ET um:— ; — .M‘“‘x E
sensitivity: ¢_ ~ 1 : ( O | E
= M J ]
U:— -H”‘u_ - - ’,x"r _:
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Leptonic B Decays

Crucial for MFV models with large tan B (and MSSM)

Events /0.1 GeV

W.-S.Hou, PRD 48, 2342 (1993)
G.Isidori, P.Paradisi, PLB 639, 499 (20006)

excl. by B, — up

B(B, — uu) < 108

r
"
’ ‘
/.-' o '
N B | E
- % ! -
W - I
T -
! -

=

'”:—"":,__ C expectation . g
-.,‘_______._(“background)
Eextra (GeV)
17.2 ii% events ) excluded by
i B - X_y
Observable B Factories (2 ab_l) SuperB (75 El,b 0rr—TT T T T T T T T T T T T T T T T T T
200 400 600 s800 1000
B(B — 1v) 20% 1% (1) M M2 2
B(B 1sibl 5% — _ 2 B
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Forward-Backward Asymmetry

Exclusive: B—KX*l Inclusive: b—sll
NNLO + QED
02 | dApg /dq® o mé_ ;”f i
“ o i s}
. ot Hf'i-. ;’”H
oip | s H
-02 | - NLO) _ L'I]:- ‘xﬁ Jf!,"
l 2 3 4 5 9 7 0 ] 2 3 4 5 6
qz (GeV?)
Beneke, Feldmann, Seidel Huber, Hurth, Lunghi
EP) C41 (2005) 173 arXiv:0712.3009 [hep-phl

Inclusive is much cleaner & need SuperB statistics
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SuperB UT fit scenarios

“the nightmare” “the dream”
= 0.6 = 0.6]
B am, -
0.5 A 0.5F
0.4 § BR(B—1v) 0.4 -
A 7 -
0.3F & ' 0.3}
0.2 0.2F
0.1 0.1f :
of of
- - A\ BR(B—1v) / / UTji¢
L1 _III“IIIIIIIIIIlIIIIIIIIIIIIIIIII
051 o 0510 01 02 03 04 05 06

p
* Possible NP discovery from precise CKM metrology
» Precise knowledge of SM parameters essential in any scenario .



Mass Insertions
(8%)as = (A%) A/ myf*

abs(d23).r

1) sensit. to
A<20 TeV
Ii) sensit. to
|(8%23)r[>1072
for A<l TeV

Wiy —ptan3) (A% (AfS) LR

(Af5)

-abs(d23)Lr =
BR(B->X.y) | 002620005
“arg(dz3)Lr =
t (44.5+2.6)
(AYalLm “E
RL (Afs)RR (Afs )RR ACP(B->X5’}’)
;j;:;;z all together Lo i -

‘reconstucted

Reconstruction of
(8d23)LR=0.028 ei“'m for‘
A=mz=myz=1 TeV

By M.Ciuchini




. . Mode Observable B Factories (2 ab™!) Supert (75 ab~!)
SuperB physics in tables 77— T
D" — K*g= o 2-3 x 10~ T x 10~
1 , x5 1-2 » 10~ 3 x 10
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Sy’ K" 0,05 0.01 (+) D" — xgete=, DY = qa"phpu- 2 x10°
S(KZKSKS) s NRE- 595 D" — getre=, DV — qutu~ Ix10~®
S(Kyx") 0.1% 0.02 (=) . _ : _ _
S(wKy) 0.17 003 (+) lmprlo vemen* D" = Klete~, DV — K)utu~ 3 x10°*
S(foK3) 0.13 004 (=) D¥ = gtete™, DY s gvutu” 1 %108
(8 = DK. D = CFP cigcnstates) 15 L e
¥ (B = DK, D — muppressed states) me | 2% 10" Process St‘llh‘]“‘b’ll}'
y (B — DK, D — multibody states) ~ 0o no = = " 9 i 1 x10-%
y (B DK . combined) G ; By — F 'I} - A bt — -"‘r‘*ft:': 1x10-9
(B — aw) n 16 B(r — f"'_-f] 2 x 10~ -.. -|. & = L]
a (&8 2 e 3 = ]} D" — =" " 2 x 107
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oA(D = o) o + T FC physics (CPV, ...
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BR(B = wv) 0% 5% SUPEF FlﬂVOUI"‘ FﬂCfO AT 0.16 pe~!
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h SiCS' Acn 0,004
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3, from Jifvo 102

M.Ciuchini at SuperB Review, LNF, 12 November



SuperB: How?

* Physics case for Super Flavour Factory is
compelling

« Luminosity should be above 10°°/cm?/s

- Enables integration of over 10/ab/year

- Backgrounds and running efficiency should
be comparable to current B factories

- Power consumption should be affordable

« Attempts to upgrade PEP-Il and KEKB with
high current hit limitations due to beam
instabilities, backgrounds and power

29



How Can it be Achieved?

Luminosity must be ~10°°/cm?/s or higher

- Enables integration of over 10/ab/year
- Two orders of magnitude higher than now

= Push current B factories to the limit (SuperKEKB)

Stored current:
1.36/1.75 A (KEKB)
= 4.1/9.4 A (SuperKEKB)

high currents \ /
(power Consumpt|on ~85 MW) Lorentz factor

0.059 (KEKB)

Beam-beam parameter:

— >0.24 (SuperKEKB)

Luminosity:

0.16 x1035 cm~2s™1 (KEKB)

8x10°° em~2s~! (SuperKEKB)

Y+ o y 1.5, y Ry
L= 1+ o' | gt R
y y Geometrical reduction factors due to

2er,
Classical electron radius Beam size ratio \

crab cavities
(being tested now at KEKB)

crossing angle and hour-glass effect

Vertical 3 at the IP:
6.5/5.9 mm (KEKB)

— 3.0/3.0 mm (SuperKEKB)

sgueezed bunches
(possible instabilities)

30




Alternative approach

« Machine is based on ILC damping ring lattice

- High luminosity through small emittance
- Collide with large Piwinski angle & crab waist

IP beam distributions for KEKB

IP beam distributions for SuperB



Collision Scheme

Large Piwinski angle (¢ =6 0 /o) & “crab waist”

- High luminosity, Low currents, Small backgrounds

- Stable dynamic aperture
- Wall plug power ~ 20 MW 32



Collision scheme

Without crab

With crab

=3 e =
=SV SR
\ \ N,

| |
= °
= &

Now tested at LNF Da¢pNe accelerator

Expected luminosity enhancement seen
Very promising indeed! 33




SuperB Parameters

L (cm-2s-1)

Circumference (m) 1800.
Energy (GeV) (LER/HER) 4/7
Current (A)/beam 2.
No. bunches 1342
No. part/bunches 5.5x10%°
0 (rad) 2x24
¢ . (nm-rad) (LER/HER) 2.8/1.6
¢ , (pm-rad) (LER/HER) 7/4
B ,* (mm) (LER/HER) 0.22/0.39
B ,* (mm) (LER/HER) 35/20
o ,* (4 m) (LER/HER) 0.039
o . * (L m) (LER/HER) 10/6
o ,(mm) 5
Power (MW) 17

1.x103¢

Future upgrades
can reach even

higher luminosities!




« Also planned as part of Da®Ne upgrade

« Results promising so far ...

Crab Waist Beam Tests

 Tests ongoing at Da®Ne accelerator (LNF)

- Will reach peak luminosity of 10°3*/cm?/s

4 L
*f‘w 14000 HEl KLOE?2002
£ Bl KLOE 2004
=2 12000 I SIDDHARTA 2008 { 'W .
> i o bt }
+ i ol A "'||'|*}
- — 10000 |- I ,U} 1 I .| .‘
A i | HHN‘ “ |
I ﬁ..
o) y
3000 e
C i "|{
- — I{I. k|
E 6000
4000
2000
Aoty by by by by e g by s b Ly g by

specific luminosity

2
mpere”

uminesity/1e28/N bunch/A

Hl KLOE 2002
Bl KLOE 2004

Il SIDDHARTA 2008
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-Half IR1 Magnetic Layout

Old layout

Splitter magnet

~10 m

New layout

8o = 0.0251
_ 1'_' m—
Caf

Qd

e = - T = =«  Corrector dipoles (o, ~ 0.0095 rd)

E+
CDH"IF'EFIS-EItDr solenoids not ‘ . ..
installed for the SIDDHARTA run M.Biagini




Good News

« Although collider scheme is completely new, it

can be constructed largely by recycling existing
hardware (eg. PEP-Il magnets)

« Some new hardware required (eg. sextupole
magnets for crab waist)

« Backgrounds comparable to current B factories,

so SuperB detector can be based on BaBar (or
Belle)

Significant cost savings!

37



Backgrounds

« Dominated by QED cross section

- Low currents / high luminosity

« Beam-gas are not a problem
* SR fan can be shielded

Cross section | Evt/bunch xing| Rate

Radiative ~340 mbarn —
Bhabha |( Ey/Ebeam > 1%) 680 a0 Lk
€€ Pl 1 73 mbarn ~15 7GHz - -
production \ —
-
Elastic O(10) mbarn | _ . .
Bhabha | (Det.acceptance) b liong LUR e e

Y (4S) O(10%) mbarn | ~2/million | | KHz .



Backgrounds and Detectors

« Backgrounds depend on various factors
- luminosity

« radiative BhaBha scattering

luminosity lifetime ~ 5 minutes

« e*e” pair production
- currents

« synchrotron radiation .
_ _ main problem for SuperKEKB:
« beam-gas interaction<€——— peam backgrounds ~ 20 x today

- beam size .
_ possible problem for SuperB:
* Touschek scattering- motivates smaller beam asymmetry

. . (7 GeV on 4 GeV
e beam-beam interactions )

* Interaction point design & shielding requires care
« Detector can be based on existing BaBar / Belle
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Interaction Region Design
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Detector R&D

 Detector R&D required for most subsystems

- vertex detector
« first layer close (~1cm) to beam spot
« use pixels or striplets to cope with occupancy

- particle identification improvements in
hermeticity important

« improved readout for barrel (DIRC) | for many measurements

« forward PID device under consideration
- calorimeter

* LYSO based forward endcap

« backward endcap (veto counter?) under consideration
- electronics, trigger, DAQ & offline computing

* need to deal with high physics trigger rate 11
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SuperB: Where and When?

* Physics case for Super Flavour Factory is
compelling

« Machine and detector can be realised at
reasonable cost

« How can this project fit into global and
regional roadmaps?

- Well established priorities: LHC, ILC, neutrinos




SuperB cost and governance

« SuperB will proceed as a “regional
initiative”, in line with the CERN Council
Strategy group recommendation

« Total cost under 500 M€
- Approx. 350 M€ needed as nhew money

« Governance similar to XFEL & FAIR

- International committee formed by the
Interested funding agencies
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CDR includes a cost estimate

Costs are presented “ILC-style”, with replacement value
for reusable PEP-1|/BABAR components

Accelerator
Site

Detector

A
452 291 1917,
119 138 1015,
283 156 44,
\J

Engineering, Design, Inspection, Acceptance

Materials & Services

Costs are in 2007 € inflation adjusted

Gt

166 126,330
700 0
747 46,471

/;EHI..IE of reu saﬁn}

from PEP-11 and BABAR

Disassem bly, crating,
refurbishment and
shipping costs are
included in columns

\ to the left ]

45

Possible savings from reusing other hardware not yet considered in detail



Potential SuperB site on the University of Rome Tor Vergata campus
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Potential SuperB site on the University of Rome Tor Vergata campus
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International Review Committee

 R. Petronzio, President of INFN, formed an
International Review Committee to
evaluate the SuperB CDR

« The committee members are:
J. Dainton (chair) [UK] J. LeFrancois [France]

H. Aihara [Japan] R. Heuer [Germany] Y.-K. Kim [US]
A. Masiero [Italy] A. Seiden [US] D. Shulte [CERN]

* Project has been presented to ECFA
- subcommittee set up (chair: T.Nakada)

* 1% report (May 2008) highly encouraging®



Report of the IRC

First Report
of the International Review Committee' (IRC)
for the SuperB Project

Hiroaki Aihara, John Dainton, Young Kee Kim, Jacques Lefrancois, Antonio
Masiero, Steve Myers, Tatsuya Nakada®, Daniel Schulte, Abe Seiden

Roma, May 21st 2008

Introduction and Context

The quest for a deeper understanding of the physics of the Universe, and therefore for
the physics which underpins the Standard Model (SM), is at the heart of contemporary
particle physics. The role of quark and lepton tlavour in this new physics will be a
cornerstone in our understanding.

The prese: 1 .

(1] (CDR) 5. Conclusion

MEeasuremn

physics. It We recommend strongly that work towards the realisation of a SuperB, taken to be an
manifestat

1 - - " " H ¥ .:!'r '2 'I ¥
asymmetric ¢ ¢ collider with luminosity at least 107 cm™ 8™, continues.

The SuperB project addresses this challenge by means of an electron-positron (¢'¢’)

collider, with asymmetric beam energies, and with two orders of magnitude more

luminosity, 10 em™ 57", than hitherto. It is thus a very ambitious project which

makes possible a new level, both in sensitivity and in precision, of inclusive ¢'e”

annihilation measurements of flavour production. It anticipates by the latter halt of the 50

navt dacada tha avhanctinn Aaf nracant and nracantle tharacaan .r:l+.|7-l- avmarimantal



SuperB — Next Steps

 First stage (establish physics case) is
completed

« Second stage (demonstrate machine
feasibility) beginning

- Mini-MAC formed (chair J.Dorfan)
- Work towards TDR beginning

« Strong encouragement from INFN
» Positive statements also, eg., in P5 report
« CERN / ECFA approval will be sought
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Summary

 The case for flavour physics in the LHC era is
compelling

- strong complementarity with energy frontier
- requires peak luminosity L >10*/cm?/s

« SuperB is the ideal tool to explore the new
phenomenology

- based on a radically new accelerator concept

e Strong European initiative to probe this window
on new physics

- explore the flavour treasure chest by mid-2010s
- expect further developments within 6-9 months



Effect of crab sextupoles on luminosity

P.Raimondi LUMINOMETERS

1153E+5

A huge work on machine optimization has been
done and is still in progress in term of feedbacks
systems tuning, background minimization and
tuning of the machine luminosity

Crab OFF

Transverse beam dimensions
at the Synchrotron Light
Monitor

Crab ON

Blow-up in beam sizes and decrease
in Bhab ha rates observed when crab
sexts for one ring OFF (other ring ON)




CDR includes a cost estimate

EDIA Labor M&S Rep.Val.
wBS Item mm mm kEuro kEuro
1 Accelerator 5429 3497 191166 126330
1.1 Project management 2112 96 1800 0
1.2 Magnet and support system 666 1199 28965 25380
1.3 Vacuum system 620 520 27600 14200
14 RF system 272 304 22300 60000
1.5 Interaction region 370 478 10950 0
1.6 Controls, Diagnostics, Feedback 963 648 12951 8750
1.7 Injection and transport systems 426 252 86600 18000

EDIA Labor M&S Rep.Val.
wWBS Iltem mm mm kEuro kEuro
2.0 Site 1424 1660 105700 0
2.1 Site Utilities 820 1040 31700 0
2.2 Tunnel and Support Buildings 604 620 74000 0
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CDR includes a cost estimate

EDIA Labor M\&S Rep.Val.

WBS Item mm mm kEuro  kEuro
1 SuperB detector 3391 1873 40747 46471
1.0 Interaction region 10 4 210 0
1.1 Tracker (SVT + LO MAPS) 248 348 5615 0
1.1.1 SVT 142 317 4380 0
1.1.2 LO Striplet option 23 33 324 0
1.1.3 LO MAPS option 106 32 1235 0
1.2 DCH 113 104 2862 0
1.3 PID (DIRC Pixilated PMTs + TOF) 110 222 7953 6728
1.3.1 DIRC barrel - Pixilated PMTs 78 152 4527 6728
1.3.1 DIRC barrel - Focusing DIRC 92 179 6959 6728
1.3.2 Forward TOF 32 70 3426 0
1.4 EMC 136 222 10095 30120
1.4.1 Barrel EMC 20 5 171 30120
1.4.2 Forward EMC 73 152 6828 0
143 Backward EMC 42 65 3096 0
1.5 IFR (scintillator) 56 54 1268 0
1.6 Magnet 87 47 1545 9623
1.7 Electronics 286 213 5565 0
1.8 Online computing 1272 34 1624 0
1.9 Installation and integration 353 624 3830 0
1.A Project Management 720 0 180 0

NB. Items in italics (LO striplet, focusing DIRC) are not
included in the baseline




CDR includes a schedule

* Impossible to read here,
check the CDR

* Includes site construction,
PEP-Il & BaBar
disassembly, shipping,
reassembly, etc.

* Five years from TO to
commissioning

[5] Task Name Duration | Year-1 |rear 1 | Year 2 [ Yeard [ Year 4 [¥ear & |ea
o | qlorloilagsloilgaloilas Qi (Qeloslas (Qilgzloslge[Qilalas ool lozlaifad o)
Jo| Envronmental studies BT wks 1
I W Engineering design report B2 wis
3 5| Agency approva's B2 wis [
4 Conventional facilities 143 wks '
) Design & bid conventional facities B2 wiks f ]
5 Consiruct Arc 1 & Support Bldg 1 30 wis TR R
7 Construct Arc 7 & Support Bidg 2 3 whs i B
3 Construct Arc 3 & Support Bldg 3 30 wis T
a Construct Arc £ & Support Bldg 4 30 wiks ;
T Consinuct Arc 5 & Support Bidg 5 30 wks e e sy }
1 Construct Arc & Support Bldg 8 30 wiks —L“ ]
12 Construct c, DR, & BTL 5 wiks. h
13 Constru ower & coolng 104 wis | ]
14 Construct IR Hall 65 wis, I
15 Accelerator Design & Construction 136 wiks '
19 Detailed accelerator design B2 wiks f h
17 Construct magnets 104 wis H—
12 Construct vacuum 104 wis H—
14 Construct supports 104 wiks. H—
0 Construet utilities. 104 wis [ |
il Construct confrls 104 wis [ !
el Construct RF 104 wis [ I
23 Construct power su 104 wis [ I
7 i p 108 wks [ Yy
] Refurbish PEF-Il hardwars 21 wis i
28 Movwe refurbished equipment to ste B1 wis |
& Accel i 107 wis '
23 Install Arc 1 & Support Bldg 1 30 wiks
i Install Arz 7 & Support Bldg 7 30 wiks
30 Install Az 3 & Support Bldg 3 Bwks) o1 1| o7
3 Install Arc £ & Support Bldg £ 30 wis |
32 Install Arc 5 & Support Bldg 5 30 wiks, N |
33 Install Arc @ & Support Bldg 8 30 wis L
34 Instal Interaction Region B2 wiks
3 Install Linaz, DR, & BTL 85 wis,
30 Accelerat: issioni 69 wks '
Y Linac cormmissionng 30 wiks
33 Colider commssioning 26 wiks.
34 First collisions. Owiks B & M3
20 Detector Design & Construction 192 wis
1 Design SVT B2 wiks [
2 Construct SVT 140 wis
43 Deesign DCH 52 wis, [
Construct DCH 140 wes
45 Design DIRC readout 52 wks [
48 Construct DIRC readout 140 wis
i Design forward EMC B2 wks [
£:) Construct forward EMC 140 wis
Design IFR. B2 wks [
Construct IFR TB wis
Design DAC & online system 104 wiks [
Construct DAQ & on ne system 6B wis
Design Trgger system 104 wiks [
Construct Trigger system BB wis :
Dismantie & Move BABAR 91 wiks
Design toofng 26 whs
Cismante BABAR 52 wis
Mowe components to site 26 wks
Install detector 81 wks
Install stz=! & FR 52 wis
:il Install coil 13 wis
& Install EMC 4 wis
LE] Install DIRC 4 wis
L Install DEH 4 wis
& | Install SVT 4 whs
[ &e | Install DAQ & onfne system 16 whs
T Install Trigger system 16 whs

Task [ Miestone *
Project SBF_schedule_v1.3 -
Oate: Fil 4n307 - Split i e, Summary PN ccemal Milesione
Progress I Froect Summary (PEEEEEENNY Desdine 4
Page 1

Figure 5-1. Overall schedule for the construction of the SuperB project.




Table 3-2. Comparison between parameters for the SuperB storage rings and
the ILC damping rings.

Unit Superb SuperB [LC
LER HER DRs
Beam energy (GeV) 4 7 5
Circumference (m) 2249 2249 6695
Particles per bunch 6.16 x 1019 352 x 101Y 2 x 101°
Number of bunches 1733 1733 2767
Average current (A ) 2.28 1.30 (.40
Horizontal emittance (nm) 1.6 1.6 (1.5
Vertical emittance (pm) 1 1 2
Bunch length {mm) 6 6 9
Energy spread (%) 0.084 0.09 0.13
Momentum compaction 1.8x 107 31x10™% 42x10
Transverse damping time (ms) 32 32 25
RF wvoltage (MV) § 15 24

RF frequency (MHz) 476 476 650




320 Signatures
About 85 institutions
174 Babar members

65 non Babar
experimentalists.

Theorists
13%

Experimentalists
75%

Accelerator
physicists
12%

Signatures breakdown by type

Australia, 1
Canada, 7

Signatures

USA, 70

France, 21
Germany, 11

Israel, 2

UK, 24

Switzerland, 4
Spain, 12

Slovenia, 5 Italy, 137

Norway, 1

Japan, 4

Signatures breakdown by country
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Couplings and Scales
L=Loy+2, (2, €i QF ™)IA"

 New physics effects are governed by:
- hew physics scale A
- effective flavour-violating couplings c,

e couplings may have a particular pattern
(symmetries)

e coupling strengths can vary (different interactions)

o If A known from LHC, measure C

 If /A not known, measure c/,//\
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The Worst Case Scenario

« Can new physics be flavour blind?

- No, it must couple to Standard Model, which
violates flavour

« What is the minimal flavour violation?

- new physics follows Standard Model pattern
of flavour and CP violation
G. D'Ambrosio, G.F. Giudice, G. Isidori, A. Strumia, NPB 645, 155 (2002)

- even Iin this unfavourable scenario SuperB is
still sensitive, up to new physics particle
masses of 600-1000 GeV

(analysis relies on CKM fits and improvements in lattice calculations)

« MFV is a long way from being verified!



http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"D'Ambrosio, G."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Giudice, G.F."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Isidori, G."
http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+"Strumia, A."

MFV Confronts the Data

* Current experimental situation
- some new physics flavour couplings are small

 Minimal flavour violation
- all new physics flavour couplings are zero

MFV is a long way from being verified!

Need to establish correlations between different
flavour sectors (Bd,BS,K)
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New Physics Sensitivity in MFV

AF—9 C a2 [ Solx ANP i
Hj:f" = Hsn + Hyp = (I-"'rq ""r.f,u) ( olz) + ) (

S S oS 6S5,,=0|4 A \g = T 2.4TeV
o(xr)é" o(x;)+ 0 | o|— ? , 1\ = NoTem ATeVl
Today SuperB
A (MFV) > 2.3N , @95C.L. N\ (MFV) >~6A ;, @95C.L.
NP masses >200GeV NP masses >600GeV

« analysis relies on CKM fits and improvements in lattice calculations
« only AF=2 (mixing) operators considered
« further improvements possible including also AF=1 (especially b—sy)
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Better Scenarios

 Move slightly away from the worst case
scenario

- minimal flavour violation with large tan 3
e SuperB sensitive to scales of few TeV

- next-to-minimal flavour violation
« SuperB sensitive to scales above 10 TeV

- generic flavour violation
e SuperB sensitive to scales up to ~1000 TeV

 Look now at a few specific channels
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MSSM + Generic Squark Mass Matrices

Today's central values with SuperB precision
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Lepton Flavour Violation

e SuperB is much more sensitive to LFV
than LHC experiments, even for T—ppp
M.Roney @ Flavour in the LHC Era Workshop, CERN, March 2007

p— BUD_
0
= 550
Monte Carlo simulation g [
of 50 observation of N S0
T—uy at SuperB S . +
p % H+ } f‘ |
'E 400 A
(]
>
Ll 350 +
AT I AT A A

M., (GeV/c?)



Current B factory hot topic
(24»1 ") Ee

Hadronic b—s Penguins

sin(2p”") = si

PRELIMINARY
boccs WorldAverage I H j 0.68+0.03
., BaBar . : 0.21+0.26+0.11
~ Belle 0.50+0.21 £0.06
= Average'’ 0.39+0.17
o BaBar v e 0.58+0.10+0.03
= Belle b 0.64 +0.10 + 0.04
= Average .t 0.61 + 0.07
S ~ BaBar ¢ TTETTT —_—— 0.71+0.24 +0.04
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..... LoAverage! i L 0582020
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= Belle ! : 5 0.33 +0.35+ 0.08
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Average: - 0.21 +£0.19
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% Belle -0.43+0.49 +0.09
S Average : 0.52 + 0.41
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SuperkEX®

New Physics
(SUSY GUT, Warped Extra Dimension,
String-inspired MSSM, ...)

AS Uncertainty

0.01 P | PR | P |
: 2
10 1 10 10

Integrated luminosity (@b™)

Many channels can be measured with A S~(0.01-0.04)

Observable B Factories (2 ab™) SuperB
S($KO) 0.13 002 (+) [0.030]
S(HK°) 0.05 0.01 (x) [0.020]
S(KSKIKY) 0.15 0.02 (x) [0.037]
S(K ") 0.15 0.02 (x) [0.042]
S(wK§) 0.17 0.03 (x)

S(foKY) 0.12 0.02 (x)
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(*) theoretical limited

1 2
results on fOKS from BaBar time-dependent Dalitz plot analysis of Ksm+m— (arXiv:0708.2097)


http://arxiv.org/abs/0708.2097

Correlations Distinguish Models

T.Goto, Y.Okada, Y.Shimizu, TSh ndo u, M.Tanaka, PRD 70, 035012 (2004)
w0 ... Toet aa Y:Shimizy, T:5AIRdey; M:Tanaka;

- A T o SR it 107

e
(-a} ] I SO0 Ij:(ﬂéﬂ]ﬁl:i:flll‘éj éDU;Jl II}I IEGIJ l:&n?;(:jﬂ:@ lEDﬂ&b léEOD (b} o I.’}DII; l:rD;?lc':fTOEUGD o Swl ":r?ﬂlc':f"i-ﬂ IéDC-E!-”éEDU
0 0
Ar(b—sy) 5(B"=Ksm y)
SuperB can reach ~0.4% precision SuperB can reach 2% precision

Plots show parameter scans in four different SUSY breaking schemes:
- mMSUGRA - U(2) flavour symmetry

- SU(5) + v, degenerate -SU(5) + v, non-degenerate o



Running at the Y(55)

 Belle & CLEO have demonstrated potential for
ete” — Y(5S) — BS(*>BS(*)

» Some important channels, such as B —vy,
A, (B) are unique to SuperB

« Problem: cannot resolve fast AmS oscillations
- retain some sensitivity to ¢, since Al'_# O

Atlr(Ba) { : AU A, 2Hel(Ar) AU AL,
AL | 1

= AN+ T el AT ,"-.r: zinh( :
B 27(B.) '

2 | +|Ag|* 2

cf. DO untagged measurement of ¢_ 4



Why 10/ab Is Not Enough!

- Need a big push into the unexplored region
Forward-backward asymmetry in b—sl|

- Must improve beyond 10% theory error of
exclusive modes

Rare B decays (B—K"vv, B—pu*y)

- Prospects for observation marginal at 10/ab
Null tests, such as CP violation in charm
- Limited only by statistics
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