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SuperB is

a very high luminosity
asymmetric e*e™ flavour factory

Conceptual design report
INFN/AE-07/02, SLAC-R-856, LAL 07-15
http://www.pi.infn.it/SuperB

See also

» SuperKEKB Letter of Intent, KEK
Report 04-4

« SuperKEKB Physics Working Group,
[arXiv:hep-ex/0406071], update in
preparation

» J.L.Hewett, D.Hitlin (ed.), SLAC-R-

A High-Luminosit i
il e el 709, [arXiv:hep-ph/0503261]

Super Flavour Factory

* Flavour in LHC Era workshops,
yellow book in preparation 5



http://www.pi.infn.it/SuperB

(GeV)

—_
oh
@
=
[HE|
73]
i
LM
=
—
1‘.;}
.
i
fFar]
D
O
bt
c
i
=
]
i
-
L
o

Exploration of Two Frontiers
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Motivation

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

“relativistic” “quantum” e

.......

New heavy particles produced on New heavy particles produced

mass shell off mass shell (“virtual”)
Sensitivity depends on: Sensitivity depends on:
available centre-of-mass energy  luminosity
knowledge of Standard Model knowledge of Standard Model

backgrounds backgrounds 4



Flavour Observables Sensitive to New Physics

Am, €, ele, B(K,»m’vv) B(K > vv) B(KT=1v)
Am, A (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) Aslb—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 1 EDM
B(D; —1"v) Xp Yp charm CPV

... add your favourite here ... 5



Good News and Bad News

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

Super Flavour Factory
“treasure chest”
of new physics observables




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)||Acpb—sy)] |S(B°-K.n°y)| S(B,—¢y)

»(b—=dy)|[Ag(b—(d+5S)y)
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B(u—ey) B(u—e e e") (g—2), u EDM

Blr—uy)||B(r—ey) B(T+—>/+/_/+>
TRy
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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
- provides luminosity enhancement

- significant improvement in sensitivity for T EDM
see arXiv:0707.1658 and arXiv:0707.2496 8



Lepton Flavour Violation

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

B(t—uy)x107,

Process Sensitivity

B(r— uy) 2x107°
B(t — e~) 2% 1079

(1— ppp) 2x10710
B(r — ece) 2x 10710

(T — un) dae ="
B(t — en) 6 x 10710
B(r — (K% 2x 10710

0

1k

0F

SUSY GUIT ba'sed Imoollel =

Present bound

SuperB is much more sensitive to LFV

Monte Carlo
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Charm at SuperB

SuperB uniquely can study the full range
of charm phenomena

>0.04 Recent evidence for charm

HFAG-cham

003 Frcrzoor | MIXing opens the door for CP
CP violation in charm highly ,F violation studies at SuperB
sensitive new physics probe - B . -
0.01— / o N\ ]
- ! S |
0 h AN __..f’j ]
Mode (Observable B Factaries (2 ab™") SuperB (Thabh™") E
o — KK Y 2-3 x 1079 hox 1074 —1c
DO Ktr— oy 23 % 10~ 7 % 104 " 3o
I 1-2 % 1074 3 1077 o
P Kt~ yp 23 = 107 hox 1070 :z” '-'u.ln-'|' o0 ll:l.lIJ‘Il | ml:lz | nll:lz 0.04
I 2-3 = 109 B ow 104 X
Average 1y 1-2 % 107 3% 1077 10
1 2-3 % 1077 5% 107




Two Scenarios

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
* SFF detects NP effects for particle masses up to >600 GeV

- What if NP flavour couplings are not suppressed?
 SFF 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 11



Interplay of Energy and
Luminosity Frontiers

« Important to note that 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

| 4_[ 12




Estimated Sensitivities

Ohservable B Factories (2 ab™')  Super8 (75 ab™') Observable B Factories (2 ab™')  SuperB (75 ab™!)

sin (2 (J /4 K9 0.018 0.005 (1) Vi (exclusive) 1% () 1.0% (#)

cos(24) (J/yp K*7) 0.30 0.05 | V| (inchusive) 1% (#) 0.5% (#)

sin(24) (DRY) 0.10 (.02 |Vow| (exclusive) R (#) 3.0% (%)

cos(23) (DRY) .20 .04 |Vl (inclusive) s (#) 2 (1% (%)

S(Jfpa") 0.10 0.02

S(DtD-) 0.20 0.03 BB — ) 0% % (1)

) o BB — Dt 10% 2%

S(RKMKYR™ 0.15 0.02 () ’ ’

S(KET) 0.15 0.02 (%)

S(wk?) 0.17 0.03 (%) BLE = ) 15% 3% (1)

S( k™) .12 0.02 (%) BB — wy) 0% %
Aep(B — K*4) 0.007 (§) 0.004 (f )

FOE = IO, I — U eigenstabes) ~ 157 2.5 AeplB — py) ~ 0.20 0.05

Y IB — DK, D — suppressed states ) ~1F 20 Aep(b — 57) 0.012 (f) 0.004 (F)

Y iB — DK, D — multibody states) ~ 1.5° Agplb — (s +d)y) 0.0 0.006 (1)

v (B — DK, combined) ~ " 12 S{RGTY) 0.15 0.02 (%)
S{phy) possible 0.10

a (B — ) ~ 16 37

o (B — pp) T 1-27 (%) Arp( B — K*H) T, 1%

o (B — pr) ~12 2 AFB(B — K*{)s, 5% o

@ (combined) ~ G 1-27 (%) ATE(B — X, 005 35% 5%
BB — Kuvp) visible 20%

23 + v (DT DERKY7F) 2 b

B(B — miv)

possible

Still only a few measurements systematics (1) or theoretically (*) limited



Leptonic B Decays

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

>
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5 Today's first _
2 - observation will o]
= - . 4
S | become a precise 1
measurement at ]
SuperB ]
449 M BB .
- ""-‘_.______‘gbackground) ; )
Eextra (GeV)
+5.3
17.2 7 events
Observable B TFactories (2 ab™') SuperB (75 ab
B(B — 1v) 20% 1% (1)
B(B — pv) visible 5%
B(B — D1v) 10% 2%

see talks in this session
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MSSM + Generic Squark Mass Matrices

Today's central values with SuperB precision

Am,  magenta A_.(B—Xy) magenta
A, green B(B—Xy)
All blue All

Real vs. imaginary parts of mass-insertion parameters: left (5 .) ; right (5,.) .

15
Red areas show 6 > 30 from zero with SuperB precision



Hadronic b—s Penguins

Current B factory hot topic

AS Uncertainty

gelle UuYY 2000

6,492 )

A
cup® (KEKB (50ab )

04

New Physics

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

1 10
Integrated luminosity (@b™)

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

. eff
n(ZB ) = (2(1)1 ) |I‘v1c:r|0nd 2007
PRELIMINARY
b-sccs _ World Averagel 1T 0.68%0.03_
. BaBar . L 0.12+0.31 +0.10
X Belle 5 0.50 +0.21 + 0.06
= Average ; [ 0.39+0.18
o BaBar T 47 058+010+0.03
< Belle i M+ @ 0641010+0.04
= Average : il 0.61 +0.07
"""" v BaBar T T =l 0711 024+0.04
' Belle Z il ©  0.30+032+0.08
_______ o Average 1 i = | 058%020
o BaBar ; - . 0.33+026+0.04
= Belle : e . 0.33+0.35+0.08
5 Average N 0.33 +0.21
"""" v BaBar ¢ ——— T 020+052+0.24
o, Average : » : 0.20 +0.57
. BaBar T T 06275 £0.02
x Belle —t—— 0.11 + 0.46 + 0.07
s Average : o — : 0.48 +0.24
. BaBar R 062+0.23
< Belle ' el 0.18+0.23+0.11
o Average : : — 042017
X BaBar b————4 [ 0.72+0.71 £0.08"
= Average — -0.72 +0.71
"q'ﬂ"fg""B'éBéf'OEB""I""""""";""" <l 041 +018+0.07+0.11
v Belle ' = '0.68 +0.15+0.03 7075,
& Average : : : 0.58 £0.13
-3 -2 -1 0 1 2 3

Observable B Factories (2 ab™) SuperB
S($KO) 0.13 0.02 () [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)

(*) theoretical limited

16



Summary

The case for flavour physics in the LHC era is
compelling

SuperB - a high-luminosity asymmetric e*e”
Super Flavour Factory is the ideal tool
- significant breakthrough in collider design

Conceptual Design Report exists

- clear road ahead to explore the flavour
treasure chest by mid-2010s

See talk by M.Giorgi in EPS-ECFA session for
more details of the project

17
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Estimated Sensitivities

Observable Super Flavour Factory sensitivity
sin(23) (J /1 KY) 0.005-0.012
v (B — DM K4 1-2°

o (B — mm, pp. pm) 1-2°
Vi | (exclusive) 3-5%

| V| (inclusive) 2-6%

5 1.7-3.4%
i 0.7-1.7%
S(pKY) 0.02-0.03
S(ny KV) 0.01-0.02
S(KUKUYKY) 0.02-0.04
B(B — Tv) 3-4%
B(B — pv) 5—6%%
B(B — Drv) 2-2.5%
B(B — pv)/B(B — K"~) 3-4%%
App(b — sv) 0.004-0.005
Applb — (84 d)7) (.01
S(KYr%) 0.02-0.03
S(p") 0.08-0.12
AYB(B — X 0107 s 4-6%%
B(B — Kuvi) 16-20%
B(t — p~y) 2-8 % 107"
BT — ptpup) 0.2-1 = 10"
B(r — un) 0.4=4 » 10~Y

Range of estimated sensitivities from SuperB CDR and SuperKEKB Lol



A Completely New Accelerator

Design

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

= Approach with small emittance bunches (SuperB)
- Initially inspired by ILC damping rings
- large Piwinski angle (¢ =00 /0)

- “crab waist”

-~ High luminosity ()/ e

- Low currents ‘ < /._:
- Small backgrounds \ g

- Stable dynamic aperture \% T ————> \ 2’(
- Wall plug power ~30 MW / /

20
Maximize beam overlap with finite crossing angle



Backgrounds and Detectors

« Backgrounds depend on various factors
- luminosity
» radiative BhaBha scattering
« 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 )

* For either SuperKEKB or SuperB:
- Interaction point design & shielding requires care
- detector can be based on existing BaBar / Belle 21



Detector R&D

 Detector R&D required for the several subsystems

- vertex detector
e 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 (focussing RICH?)
- calorimeter
« Csl(TIl) too slow for endcaps — pure Csl? LSO?
- electronics, trigger, DAQ & offline computing
* need to deal with high physics trigger rate

22



SuperB Detector
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Synergy with approved and funded FEL project
y(S AYRX) Pp proj

NB. Baseline 2250m circumference (similar to PEP-




Comparison between SuperB and SuperKEKB

cm2s! G

RrECIoERtDE N S

Emittance & 0.8 0 nm
Horizontal beta | [, 20 200 mm
Vertical beta By* 0.2 3 mm
Horizontal beam size, (@, " 4 42 Hm
Vertical beam size o'y* 20 367 nm
Bunch length o, ) 3 mm
Half crossing angle |  (p, 17 15 mrad
Piwinski angle 0} 25.5 1 rad

Current(LER/HER) | | B D261 7 10.4/4.4 A

Luminosity (x10%) | L 24 8.25

AC Plug Power P 35 83 i

One order magnitude
= smaller than SuperKEKB



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 e



Interaction Region Design

20II

Pink lines show
backgrounds
from radiative

BhaBha

=

Need serious amount of\shieldir/\g to prevent the produced
shower from reaching the detector.

27



Some Key Measurements

CP Violation in Hadronic b—s

Lepton Flavour Violation in T Decay

10—5 7 PDG2005 V Belle BaBar
: \ 4 I 4 VY » VYvy YVVY M
Sln(ZB ) = ln(zq)l ) DPF/JPS 2006 i § Vv vV y 'Y :
PRELIMINARY vy | vVYy vy : v
b—ces  World Average ' = 0.68+0.03 ] ? Vv v v v
" BaBar " $ 0.12+0.31 040 | 0 S T A v Y v S
X Belle : ———t | 0.50+0.21 +0.06 § v v vy v
Average * : 0.30 +0.18 § A v
__________________________________________________ : v |
- BaBar e . 0.58+0.10+0.03 gl U v A
x Belle § | 0.64 +0.10 £ 0.04 10 e SN .
= : ; : ‘ i Y
Average e L 0.61 +0.07 i
> BaBar —= © 0.66+0.26 +0.08 i
" Belle : —|i . 0.30£0.32£0.08 1080 l -
X Average | |—— * 0.51 +0.21 !
" BaBar * | 0.33+0.26+004 §
S Bele : * : 0.33+0.35+0.08 o 'SFF sen5|t|VIty 1 b- Al
R : - : oL |
. __.Average___._i__.___.__ T - 0.33+021 10 z;ouol:\:\:s-:m zzvozelelrle v v zz‘xoagxwx\ AN SiER g e
BaBar * 062 E25+[}02 iy “’:Lm+q:+:x_‘:x_+w‘w+:.+l:'li+li:_li+='=‘:&‘x*:‘: HJ&‘xwmww 1111:&. 10 < <
" : : -0.30 'v'pfe 'z'z'5 070 '35 v o g e ' 2 = oS
% Betle —k ' 0.11£0.46 £ 0.07
Average * : | 0.48+024 B > 300
- BaBar [ et  0.62+023 — TV v
< O o ]
— . . Nl i
Rates & Asymmetries in b—sy =
[=] + L
% T 200 —
N
h4 wt H‘i z 150
"-l-~ .‘iI-,,,‘ + r
08 06| p —— s s b i 5 s - s b !
Va as 22 V??UV?? w 100~ -
t v T y v L (95% CL)
u,c A u,c A ~ ]
RN BN . - Voo b pEmEdmemen) L, B°
0 20 40 60 .E(an 0
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Couplings and Scales
L=Lgy+2, (2, ¢ Q™) A"

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

« couplings may have a particular pattern
(symmetries)

« coupling strengths can vary (different interactions)

o If A known from LHC, measure C

 If /1 not known, measure c/,//\

29



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)

30



New Physics Sensitivity in MFV

AF=2 C a2 [(Solxy) | ane ) _
Hﬁﬂff " =Hsm + Hyp = (I’fq ""r.qf) ( + (q U)(I.--__J._} (q (I){I.--'_A}

\) \) 0S5 65,=01\4 A \g = il 2.4TeV
o(X,) > So(x,)+6 S, | o|— ? , I\ = NoTem 4 Tel
Today SuperB
A(MFV) > 2.3N\, @95C.L. AN(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) 31



Correlations Distinguish Models

T.Goto, Y.Okada, Y.Shimizu, T.Shindou, M.Tanaka, PRD 70, 035012

e o (2004)
3 mELORA T . LI IE A : mELRA RENTE
r Lan & - 30 ._ . Lun @ = 301 - '
:.
i
[
i
-
-C.04
TS5 ®
tan B
C0Z

= D0 ” I -

-

-L.02 L

(-a} a I 500 l]:(ﬂ;]ol:i:ftl‘éj éDU&JI II}I IEGIJ ‘:rzl)?;t:j(ilﬂ IEDOE!- Iéﬁﬂl} (b} o l.’}DE; ‘:rD;?lc':fTOEUGD o SOOI ":r?ﬂllc':f?ﬂ léDO&!'”éSDU
A (b S(B° K .m’y)
cp(b—Sy) sTU Y
SFF can reach ~0.4% precision SFF can reach 2% precision

Plots show parameter scans in four different SUSY breaking
schemes:
— MSUGRA — U(2) flavour symmetry 32
- SU(5) + v, degenerate -SU(5) + v, non-degenerate



Running at the Y(5S5)

 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'_# 0

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 ¢_ 53



Large New Physics Contributions Excluded

Amg e, 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,| Ag(B;) S(B;—Jlwe) S(Bs—opd)
B(b—sy) As(b—sy) S(B°—K.m'y) S(B;—¢y)
B(b—dy) Ae(b—dy) Ag(b—(d+s)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 1 EDM

B(D,—1"v) Xp' ¥Yp charm CPV

34



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)||Acpb—sy)] |S(B°-K.n°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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Will be studied at LHCb (+ upgrade)

Amy e ele, B(K,»m’vv) B(K'>m"vvy) B(K'=1"v)

Ag (By) |S(By— JIwKg)| S(Byj—¢pKs)
0((B—>1T7Tmpp) y (B—DK) CKM fits

A6 m

B(b d)/)|| CP(bde) CP(b_)(d+S)y)

B(u—>ey) B(u—>e+e_e+) (g— 2) u EDM
B(t—uy) B(t—ey) (t"=I1"1"1") T CPV 1 EDM

0(0: 1) [charm <7 ]

__________ 36



