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INTRODUCTION

* Main physics goals for the next ten years:

—Identify the mechanism of EW and
flavour symmetry breaking

—Identify NP that stabilizes EW scale
—Identify Dark Matter (candidates)

—Worite down the NP Lagrangian and
determine its parameters



DIRECT SEARCHES

* The TeVatron and (mainly) LHC will cover

direct searches of new particles up to the
TeV scale

* In the next five years, we might have NP
signals and info on a few combinations of
new particle masses (depending on decay
chains, mass spectrum, etc.)

* We might have indications of (WIMP) DM



DIRECT SEARCHES IT

* Naturalness requires new degrees of
freedom to stabilize the EW scale, mainly
by canceling loop contributions of 3™ family

* Limits on new coloured particles and Higgs
imply %-7%o fine-tuning in simplified models
* Expect hierarchical spectrums with only a

few light particles or more fine-tuned
spectrums close to (or above) the TeV



BEYOND DIRECT SEARCHES

* How to go from

* (possib
* (possib
* (possib

e) direct detection of a few new particles
e) direct detection of DM (candidate)
e) direct detection of the Higgs or whatever

else unitarizes WW scattering

to the NP Lagrangian?

* Need to complete the spectrum and to
determine couplings, just as in the SM



NP SEEN FROM BELOW

» At energies <« M, , physics is described by

an effective Lagrangian:
Accidental symm. (ho FCNC, no CPV)  Violates accidental sym.

8:]:5) T EEEDE) + Lo HLHL (Vo U@
[’IBP;G(MNPa Verm Upmns) ﬁ%iﬁ(MNP; VN@ .

/ X

ngerm‘ed by any NP r'ele.van’r to the Generated by non-MFV NP
hierarchy problem (even if MFV)




* For any FCNC or CPV process, one has in
general

2 2 2 2 2
- my Ty, Ty My oy [ Ty
Her = M2 KSM { (f (m%v) " m%qpf ( NP)) o ¥ pr (m%\ll:’) QNP}

NP
K K
MNP NpSapENp + JWNP NP fap@Np

» To extract M, and/or K, need to:

—Measure the relevant process

—Extract H_ from the measurement

* Matrix elements: Lattice QCD, HQE

—Subtract the SM contribution
* CKM in the presence of NP, top mass



* What are the requirements to probe NP
within the LHC reach (M,< 1 TeV)?

* Consider the worst-case scenario: CMFV (nho new
flavour violation, no parametric enhancement)

* Present sensitivity on CMFV from UTfit is around
300 GeV, with present exp & theory errors

* Need a factor of three in mass:
* One order of magnitude in the Wilson coefficient
* Theory uncertainties at the percent

* Two orders of maghitude more statistics in
experimental measurements

* Need a Super Flavour Factory
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Of course, things might be much more interesting
than CMFV... (see also MEG...)
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SuperB/Flavour physics goals

* Being able to determine the flavour
structure of whatever NP seen at the LHC

* Being able to derive info on the full
spectrum of NP if LHC only sees part of it

* Being able to cover indirectly the region of
NP masses just above the LHC reach,
pushing the indirect bound on A as high as
possible
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How do we get there - I

* A few % error on CKM parameters in the
generalized UTA;

* Determining NP contributions to AF=2 and
AF=1 transitions in all sectors (K, B, B_, D)
at the few percent level

* Improving Lepton Flavour Violation and
Lepton Universality bounds by more than
one order of magnitude
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How do we get there - IT

* CKM parameters in the presence of loop-
mediated NP: Vit y(B—DK)

* NP contributions to AF=2 amplitudes:
B(b—ccs), B(b—ccs), D°—-KK Kr,Knrw, A, 9°

(AI'T) ds
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How do we get there - ITI

* NP contributions to AF=1 amplitudes:
» b—s: B(B—K.0.K.K.K,,..), B.(B.—~00), B ~>KOK™

(penguins), B—>K®n (penguins & ewp), B—Kvv (ewp),
B—X_y (B—K"y) (BR&ACP) (photon peng), B—X I

(B—K®up) (BR&AFB) (photon & ewp), B(B— K %),
B.(B.—¢7) (RH ops), B.—uu (scalar peng)

» b—d: o(B—mm,pw.pp) (ewp), B—X, v (BR&ACP) (photon

peng), B—>X |l (BR&AFB) (photon & ewp), S(B— p°y)
(RH ops)

« s—d: K —=ntvy, K'—mtvy (ewp), K =7l (photon & ewp)

Luca Silvestrini
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How do we get there - IV

* LFV: 1>y, t—ey, u—ey (photon peng),
t—ull, t—ell, y—eee, p«e (photon, ewp &
boxes), T—un, T—en (photon, ewp, boxes &

-iggs)

* Lepton Universality: K—ev/K—pv,

B—1v/B—puv (Higgs)

* Charged current scalar interactions: B—1tv
(Higgs)
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...and required theoretical efforts

no theory B(J/v K), v(DK), a,
improvements lepton FV & UV, SM already known

needed CPV in B->Xy, D and t decays, with the required accuracy

zero of FB asymmetry B->XI'I

improved meson mixing , B->D(*)lv,B->n(p)lv, target error: ~1-2%
lattice QCD B->K*y, B->py, B->lv, Bs->uu Feasible (see SuperB CDR)

improved B->X, v target error: ~2-3%

OPE+HQE Feasible getting exp. rid of
annihilation & shape function
(see arXiv:0810.1312)

improved target error: ~2-3%
QCDF or SCET S's from TD Ag need either breakthrough
or flavour in b -> s transitions in computing power
symmeftries corrections or data-driven
or data driven approaches (Dalitz analyses
methods particularly favourable)

Luca Silvestrini Roma, 8/4/2011 Page 16



The basic step: CKM matrix at the %

Tuduy With a SuperB
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Constraints on 2HDMII from B—lv
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Reconstructing L,

LL Atf? LL (/—\(15‘3 A 12 A 13

LR LR

i
i

2 d
m A
LI 292 ) LT 923

)
)
M)
),
)

3

=y

L

)
)
),
)
k)

=

=

2)r

=y

ms =

Y

()
e (B8),
(24:)
(A1)

>
—_
|_

Aty

=

RR 13

o)
=

[>

£
AY (Ad (M m2
12 32 LR 12 RR 22/ RR

Aiﬂ?) ( )LR (AgS)ZR (ATS);R (Agg)RR

(Some of the) Diagonal sfermion masses will be measured
@ LHC; off-diagonal terms to be determined from flavour
(relevant parameters: (89),,= (A%) o/ (M), A(M:)ge)

Luca Silvestrini Roma, 8/4/2011 Page 19

23

LR RR

=y
= N TN TN TN N
Lo

2
1133) RR

(
(
(&
(
¥




3 oy
— - 1
= “ CDR
(L] B s
) L
En e
“O - o,
.04 |
i e
4
[
— -
= I EIE N EEEEN IEE ] ] ]
=1 I EIEEEEEEI§E®" "o oEoEEoEEmEoEoEom
. = I N E N EEEEE NN N :ms oo I = B I NN = sms s onm
|"'I""-|: — " rn e s smmE S fieEEEE BN NN NN EEEEEE N
= g I IS SEEEEEE NN RN ENEEEEEEEEEENEE =
B I NN NN -l- N ARy HODOEmssE" .
rsemupod 0ol omoQgan HOoos = L
- pmEmBQ mam= | -F-N-N-N-N [-1-1.]
- LN §-]:] =Nulls HE = == s - 1-B-R- T
==nmu[ oo M LCNOeEE= s s M
B s smmB ul= NEENE EEEEE -R-1-B-
007 snmpQl poO= O OpessneE s ne gaEEH
el = s mmE O [ . Hmssssse s g emBEERE
L = s m@af] O Emsrss snsnnmunEEOE
= amBE =N= - ] s IEEEA
- = 1 = O ] 1 Ogd |- W] (B B ]|
= HE ] O == i mEm A
[N | 0 Oms = =« m B
- (LN J:| O] | L] [ I
TN | a N = s
I_:"_, — = 5 g W - On [ R L[]
s Afilmm FL N u
= 1 | Ep= (L -1 LR e -
- =1 mH | EN N NN N -
= HE Hm= r.-
- =1 gl N e
[ = L]
= n @[l = -
j'\: — = un @ He
) = sl |-
o = B @ [- L
[N He [ ]
= = o HEIEN [ 3] -
- -lnn__ HE= -
= E@E Om= -
" - . =gl .- - 1 .
0.0 [T T S B S W N - - By | T i L] v - Y
-0 o 0.0 .0z 2,03 0,04 0.05 Mgisine 4 1 & /)

- oo b
=1
W A I"'k. LA ;)3!_, | _|:-

Reconstructing (8¢,.),,=0.028 e™* for m_,.,=1TeV

23)e

SUsY

Luca Silvestrini

" : Page 20



Lepton Flavour Violation

* For slepton masses in the LHC range LFV becomes
extremely interesting!

e Tn SUSY-GUTs:

* can identify the neutrino Yukawa flavour
structure (CKM or PMNS) by studying u & «;

* interesting correlations with b—s transitions

* Interesting correlations also in MFV case:
B(1— uy):B(t— ey):B(u—ey) ~ A %A% 1 - 10*:500:1 <—LFV from CKM

B(1— uy:B(t— ey):B(u—ey) —~ [500-10]:1:1 = LFV from PMNS
Luca Silvestrini Roma, 8/4/2011 Isidori, 4™ SuperB workshop rage 21



Building a new spectroscopy - strong interplay experiment-theory

Spectroscopy + other physics
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Polarization allows to measure LR
asymmefries, giving an interesting
contribution to EWP:

0.25 —
- | —— existing measurements .
| | —— future measurements (anticipated uncertainty) ]
(.245 | | === SM (MS scheme including higher orders) —
: curve by Jens Erler :
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= E — ]
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CONCLUSIONS

* SuperB will allow us to study flavour
properties of NP at the TeV scale:

* Ensure determination of flavour structure of
whatever NP seen at the LHC

* Ensure sensitivity to moderately fine-tuned NP
above the LHC reach

with full complementarity with other
experiments (LHC(b), MEG, NA62, ...)

Luca Silvestrini Roma, 8/4/2011
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CONCLUSIONS ITI

* In addition to flavour studies, SuperB

offers a unique opportunity for:
* QCD spectroscopy
* EW precision physics
* Dark Matter searches
* direct light Higgs boson searches

* dark forces

Luca Silvestrini Roma, 8/4/2011 Page 25
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W. Altmannshofer et al., 0909.1333

AC |RVV2|AKM | SLL |FBMSSM
DY — D" *hk| x| * | * *
S *dek | ek [k | K *
Sor. *hk| *k | Kk [hkk| khkk
Ace (B = X.7) * | % | K |hkk| kkk
Ars(B= K'ptp )| % | % | % |kkk| *kxk
As(B=Kptu ) | * | % | % | * *
B — K"y * * * * *
B, — ptu Fode ke | Fe Aok [Fokd [ Fedkok | ek
T — Yy *dok [hkdk| d [hkk| dkk
AC / RVV2,AKM: abelian / non-abelian flavour models
OLL: CKM-like new LH currents + 23 NP CPV phase

FBMSSM: universal SSB terms + CPV phases

Luca Silvestrini Roma, 8/4/2011
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4™ generation A. Soni et al., 1002.0595
a |OWS fOf‘ a heavier' 11 A.J. Buras et al., 1002.2126 ::.‘__;-
Higgs B
- allows for large =
CPV in Bs mixing i

- testable at the LHC - o5 00 03 E 0

0.8¢

Extremely interesting

o | implications also for
) 04 | SuperB phenomenology

-1.0 -0.5 0.0 0.5 1.0
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R-S models
- flavour in extra-dim. is

severely constrained

by &
- large B/Bs effect are

10¢f

5!
0

Luca dilvestrini

still possible

't,.

N

.

M. Blanke et al., 0809.1073
0 '0.|1 T '0.‘2 o ‘0.I3 |
Sye

Roma, 8/4/2011

B 95%CLDOQ
— - 5¢ LHCb

B(B - Xpvv) [107°]

there are R-S models
where effects in B(s)
are confined to the
mixing amplitudes
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M. Blanke et al., 0906.5454

LHT model ratio LHT | MSSM | MSSM
- LFV: T = ny (dipole) | (Higgs)
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Br(t— —e eTe ) -~
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i el

e —0.02f
—0.04}
LI Bigi et al.,0904.1545
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TABLE II: Golden modes in different New Physics scenarios. A “X" indicates the golden channel of a given scenario. An
“*O" marks modes which are not the “golden” one of a given scenario but can still display a measurable deviation from
the Standard Model. The label C KM denotes golden modes which require the high-precision determination of the CKM

parameters achievable at SuperB.

(=]

Ht Minimal Non-Minimal Non-Minimal NP Right-Handed
high tang FV FV (1-3) FV (2-3) Z-penguins currents
B(B — X.7) X O 0
Acp(B — Xy) X O
B(B — 1v) X-CKM
B(B — X.It17) O ® 0
B(B — Kvr) O X
S(Ksm%) X
3 X-CKM O
SPSla  SPS4  SPS5 =
R(B — X7) 0.919 4 0.038 0.248 0.848 + 0.081
R(B — Tv) 0.968 4 0.007 0.436 0.997 & 0.003
R(B — X ITI™) 0.916 4 0.004 0.917 0.995 + 0.002
R(B — Kvw) 0.967 & 0.001 0.972 0.994 + 0.001 o
B(By — ptp~)/1071° 1.631 + 0.038 16.9 1.979 + 0.012 o
R(Am,) 1.050 =+ 0.001 1.029 1.029 + 0.001 E o
B(B, — ptp™)/1077 2,824 & 0.063 29.3 3.427 & 0.018 = m
R(K — n°uv) 0.973 & 0.001 0.977 0.994 + 0.001 W
ME =
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