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Super Flavour Factory Physics Program
- improve precision/sensitivity of B-
factories x5-10
- test the CKM paradigm and determine
Veem at 1% level

- increase sensitivity to LFV in T decays by

one Or'der' Of magn”'l_lde T. Browder at al., arXiv:0710.3799
T. Browder et al., arXiv:0802.3201

- explor'e CPV with charm SuperB: arXiv:0709.0451,
arXiv:0810.1312, arXiv:1008.1541

SuperKEKB: hep-ex/0406071,
arXiv:1002.5012

feasible with ~75 ab™! c_ollec'red
at Y(4S) (+ DD & vt thresholds)
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Twofold Purpose

look for any deviation

& from the SM signalling
sll \B NP in the energy region
1"|mrr up to ~100 TeV
S%peg determine the FV
~ ulfst&gd and CPV COUP“HQS of

the NP Lagrangian,
characterizing the
NP model
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SuperB physics
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arXiv:0709.0451 Mode Observable B Factories (2 ab™')  SuperB (75 ab™")
. DY - K*K~  yop 2-3 x 1079 5 % 10~
arXiv:0810.1312 1, ~ - S e
' 1-2 x 10~ 3 x 10~
-1 Char‘m DY — Kz 7~ yp 2-3 x 1073 5x 1071
Tph 2-3 x 1079 5% 107*
phyS|CS Average yn 1-2 x 10~° 3 % 10~*
Tp 2-3 % 10~° 5 x 10~
Channel Sensitivity
D° — e¥te—, D" — ytp 1% 1078 T thSICS
DY — qgte”, DY — %t - 2 x 1078 D Sensitivi
D" — petem, DY — nutpu~ 3 x 10~8 rocess em“t“jt}
DY — Klete=, D" — Kiu*p~ 3 %1078 B(r — pv) 2 x 107
DY — gtrete™, DY — grputus 1x107% B(t — e~v) 2 % 10~¥
B(r — ppp) 2x107
0 + F -8
DY = etp 1> 10 B(t — eee) 2 x 107
D+ — gretp™ 1x10°8
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DY — ?TOE*,LF 2% 108 ) 10
DY — petp¥ 3 % 108 B(r — en) 0 %107
D° — K+ i+ 3 % 10-8 B(r — (K?) 2x107"
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Dt — g—ptpt, DY — K-—ptp+ 1 x 1073
D¥ —g-e*p®, DY — K-e*p® 1 x 1078
Mode Observable  Y(48) ¥ (3770) LHCb SUPer‘B
(75 ab™') (300 fb™1) (10 fb71)
D°—K*x~ ' 3 x107° 6 x 1077 a
v 7x107? 9 %107 X "
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y 3.5 x 10~* TR Of new
la/p] 3 x107* ‘ :
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/(3770)—= DD : 1-2) x 107° 7 4
¢(3770) : (1-2) x 107 sensitive
y (1—2) x 10~° :
cost (0.01-0.02) "observables
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Expected sensitivies for rare decays

SuperB(75/ab) SKEKB(50/ab) SM Th.Err.

BR(B = X. V) 3% 6 7% 7%
Ax(B = X.V) 0.004 0.005 0.002
BR(B — X.e¢ )(low) 8% 7%
Ar(B = X8 )(low) 4% 4%* 10%
so(B = Xt ) 5-9% 5%* 5%
BR(B* - K*w) 15% 30% 15%
BR(BY— K*wv) 16% 35% 15%

*estimate for exclusive modes

based on arXiv:1002.5012 & arXiv:1008.1541
inclusive modes only
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B -» X,

Y

II _.lGFLT .Lr o) . .} II ()1!2 = {51"‘T-r:]{r:1“§b} 'U;;A!g:}!{-_; = (HFJ)}ZKI{QFEQ}
eSS = 5 Ve rrJZ;f--f{#f]f ilp) +He mo £ 51oMbRF, O & 5,0 T RGE,
SM prediction: E; > 1.6 GeV e 2HDM-II

B(B — X.v)=(3.15+0.23) x 101

World average:
B(B — X.v)=(3.52+0.23 £0.09) x 10~ *

Already gives the best lower limit
on the charged Higgs mass:

M.+ > 295 GeV@957%CL

Assuming the SM central value and
OBR~3%, this roughly extrapolates to

M.+ > ~700 GeV@957%CL

Marco Ciuchini
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2Higgs-Doublet-Model Type IT

*B—->1v&B - Dr1tvon the tanpf-M,- plane

* direct searches are not competitive
* strong bounds also from B, - pp

U. Haisch, arXiv:0805.2141

R
r  B= Xy Ry LEP B=1v B=Dty K = py
s00f H & B ;
. -
- = 75 ab
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CP violation in B =» X, y

Ah—]—qj‘ _ I[B — X‘{r}:] o 11[3 — X'-?'Tl
“F T TB— X +T[B— X1

SM pr'edICTlon: Hurth, Lunghi, Porod, hep-ph/0312260

A" = (044 7538 e £ 003k *688), 0 |%
Ag;fh. = I —10.2 +£ _L| e :}: L. nfhhl tj}l‘ at:alu: %
HFAG average: A;."" = -0.012+0.028
Within the SM, in the SU(3) limit: A%.¢T97 = al,+als
ST, + 2Ly

Estimates of the SU(3) breaking gives
IAB(B — Xy) + AB(B — X47v)| ~ 110" Hurth, Mannel, hep-ph/0103331

To an excellent approximation, A,°¢*? is a null test
of the SM! (BaBar: A6 = -0.22 + 0.26)
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B - X, ¢
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K.S. Lee et al., hep-ph/0612156
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Model-independent analysis of B = X, &t

Gra i S. Fukae et al., hep-ph/9807254
Mb =) = 57 VeVe (O + G = Cuo)lBeaube) eyt A. Ali et al., hep-ph/0112300
+ (Cpp + O 4+ Oyl Tubr ) Irt1HlR) |— M —CLL=3 —CLI=—3 —C7=—C75M|
+ Creilsryubr) (el ) + Crrlsrvubr ) (lrv i) 10

+ Crprrl(schr)iloln) + Crrrrlsrbo)(ioly)
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dB/dS Unit=10""
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B physics on LHC benchmarks: SNOWMASS points

arXiv:0810.1312
SPS My (GeV) My (GeV) Ag(GeV) tang pu
Typlcal points in 1a 250 100 -100 10 >0
1b 400 200 0 30 >0
the mSUGRA 2 300 1450 0 10 >0
parameter space ’ 400 > o e
4 300 400 0 50 >0
5 300 150 -1000 5 >0
SPSla  SPS4  SPS5
R(B — sv) 0.010 4 0.038]0.248|0.848 £ 0.081 SPS4 s |Ik€|y
R(B — Tv) 0.068 £ 0.007]0.436/0.997 + 0.003 . . .
R(B — X, IH) 0.016 K= 0.004 0.917 0.995 £ 0.002 IHCOmPC(TIb|€ with
R(B — Kvp) 0.067 k= 0.001 0.972 0.994 + 0.001
B(Bg— utp~)/1071° 1,631 &£ 0.038 16.9 1.979 £ 0.012 the measurement
R(Am.) 1.050 + 0.001 1.029 1.029 + 0.001
B(Bs— pTpu)/1077 2,824 & 0.063 20.3 3.427 + 0.018 of BR(b_) S)’)
R(K — w°vD) 0.073 + 0.001 0.977 0.994 + 0.001

SPSla is the nightmare point for flavour physics,
yet SuperB may still observe 20 deviations in few observables
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MSSM with generic soft breaking terms

All flavour violation in squark (and slepton) mass matrices
LHCb, SuperB
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BR(B reconstuctec Determination of (6%:).s

using SuperB data

o
—
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Q0
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------------

l=l=(e =]

reconstruction of i) sensitive to m; < 20 TeV

d - it /4
(6°23)x=0.028 e™* for ii) sensitive to |(6%:):| > 102
N=mz=myz=1 TeV for m; < 1 TeV
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An explict example: hierarchical soft terms

Nardecchia, Giudice, Romanino, arXiv:0812.3610
Sparticles at the EW scale G %cn Somiel pLazas (tos0)
but for 1°" and 2" generation squarks and sleptons
- no "unnatural” correction to the Higgs mass
- alleviate the flavour problem

- indicate “"natural” values for the 6's:

S~V ~001 R =~V ~0.05

these figures

M2 are in the
cLR _ L3 .R3 ¢ LL 1.7 =12
O3 = =5 05 S = ballpark of
, SuperB
oLb = gLtonr R = T IO SLL s sensitivities
2
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FC right-handed quark currents

New FC right-handed d-quark currents may:
- change the effective y/g vertex,
particularly the magnetic dipole term
cons’rmin’rsb - stt
- change the effective Z vertex (+box)
- introduce a new effective Z' vertex

constraints: b - sff,

Disentangling the different contributions

helps identifying the NP model
An extreme example: leptofobic Z°
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B - KO vy

1G g
Fak I+ I* I} L
Hest = — 7 Vil Vi, (CL O + CRrO%) + h
ﬁg
OL = 153 (51 PLb) ey (1 — 75)v)
’ f’.? = — It
D‘;; — m[ﬁﬁfﬂ Pjtlil.-":l{.ll.-"":r"! {]. o "tr'ﬁ'}.r-"':l

Model-independent parameters:
VG +ICRIP ~ —Re(CyCy)
— - — 2 |2
(C7)M ICTI" + |CRIF

Altmannshofer et al, arXiv:0902.0160

modified Z couplings

0.4} ]
0.2} BR(B » K'vv) | -
: BR(B* = K'vv)[ ] 1
! ° Fu(B ~ K'vv) ]
- N 0[-0505]
~0.4 | SM: (e=1,n=0)-
0.0 0.5 1.0 1.5 2.0 2.5 3.0

£

| | | ] | |
10+ | | . 15+ | |
| | i | |
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E 8 | | 1 | |
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% 4 I | | Eé' |
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| ] S
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| | ] |
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]06><BR(B—>)(’,.:'Jr ) ]OGXBR(B—>X,‘.:’+ )

BR(B — K"'vi) = 6.8 x 107°% (1 4 1.31 n)é

BR(B — Kvi) = 4.5 x 107% (1 — 25)¢

(1+2n) SM th. error
(L+1.31n) BR ~15%, <F>~2%

(F) = 0.54

Details on future sensitivities in
Alejandro Perez's talk

Marco Ciuchini
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SFF and rare K decays

With a SuperB in 2015
|:0'6- _ |:0'6- 1 :0 6— "
: . j : '/ The dr'earry g The ni are’
o 3 0.5
0.4 ;—E BR(B—tv) : :r ,—ZE -
0.3f e | o y
02fF
0.1F
:__,.'-"" / : — T of
E/ Jfl I\"\ | | | I I f E ! : "'I / / m
bl MY AT TN N B N i Uy s s s s s b e s s s s P g sl asig 1 AT N B B AT e A
031 0 01 02 03 04 05 0.6 00 01 02 02 0.4 05 s Obi oo oz oa ooz os

p p

Y
Generalized UT fits:  today SuperB

+— KL->mPvv
CKM at 1% in the 5 0187:0056 :0.005 & ‘
presence of NPl m 0.370+0.036 +0.005 a - ‘
- crucial for many NP searches with §
flavour (not only in the B sector!) S U. Haisch, Kaon 07
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Conclusions

Rare decays are one of the handles to study
New Physics at SFF. The expected sensitivities
allow for exploring interesting regions in the
NP parameter space, disentangling
various NP scenarios

Besides the examples presented in this talk,
rare decays provide additional observables,
both in inclusive and exclusive modes, making
the study of NP in electroweak penguins
at SFF an extremely interesting task
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