Flavours of New Physics
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* Flavour physics beyond the Standard Model
- motivations, EFT, flavour symmetry
- NP scale from AF=2 transitions

* Evidence for new physics (?)

- CP asymmetries A (Km)

- D, leptonic decays

- B, mixing phase ¢, # -p, and its implications
* Outlook: TeVatron, LHCb and SuperB
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Why flavour physics?
Indirect searches look for NP through the virtual
effects of new particles in loop corrections

* SM flavour-changing neutral currents (FCNCs)
and CP-violating processes occur at the loop level
thus they potentially receive O(1) NP corrections

* SM quark FV and CPV are governed by the weak
intferactions and suppressed by the mixing angles
* SM has a single source of CPV (neglecting 64)

NP not necessarily shares the SM pattern of
FV and CPV: very large contributions are possible
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Flavour physics confronts NP searches

The problem of today particle physics:
where is the NP scale A? 0.5, 1, 10, 10", 10% TeV?

1 10° ? ¢ Mwiwe 10 10%E (GeVL

NP My, & /I\GUT /I\Plcmk

4
oranaar

The quantum stabilization of the weak scale
suggests ¢ 1 TeV (naturalness argument)

2 2 2
my—my+omy, O

3G
5m2=\/§—7:2 mszlz‘IPN(O-3 /\NP)2 *.."

* LHC searches in this range...
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What if the scale is just above 1 TeV,
say in the 1-100 TeV range?

naturalness is not at loss yet
(redefining tolerance to fine tuning)

The bright side of /\1&3— V)

the "flavour problem":

, 10
flavour physics can | Flavour

probe NP scales SuperB

1 .
beyond the LHC reach & LHCb
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MSSM@LHC: reconstructing the Lagrangian

Parameters MSSM SM
gauge+Higgs 14 6
masses 30 (36) 9 (12)
mixing angles 39 (54) 3 (6)
phases 41 (B6) 1 (2)
Total 124 (160) 19 (26)

SM parameters match:  FC vs FV&CPV 17-9
MSSM parameters match:FC vs FV&CPV 50-110

* fast increase of the # of FV&CPV parameters
* FV&CPV are related to basic properties of the
NP Lagrangian (e.g. SUSY breaking in the MSSM)
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EFT approach to New Flavour Physics
a game of scale and couplings

Z oL sm (T CF QU A

NP flavour effects are governed by two players:
i) the value of the new physics scale A
ii) the effective flavour-violating couplings C's

In explict models:
A ~ mass of virtual particles (Fermi th.: My)

C ~ loop coupling x flavour coupling
(SM/MFV: «a, x CKM)
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Pictorially :

- exp. constraints give
a bound on A for any
given C and vice-versa

- curves correspond to
different model classes

Let's see what we know today
about the NP scale making different
assumptions for the FV couplings
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New Physics in the mixing amplitudes

1. find out how much room is left for

NP in AF=2 transitions
- add most general NP to all sectors
- use all available experimental info
- fit simultaneously for the CKM and
the NP parameters (generalized UT fit)

2. perform an EFT analysis to put

bounds on the NP scale
- consider different choices of the FV

and CPV Couplings UTfit collaboration
hep-ph/0509219, arXiv:0707.0636
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1. parameterization of NP contributions
to the mixing amplitudes

K mixing amplitude (2 real parameter):
ReA=C,,, ReA™ ImA=C.ImAL"

B, and B_mixing amplitudes (2+2 real parameters):

. . ., SM ANP . NP SM
2ip, 2ibg, ASM 20, g Q2ild, —¢g)
Ae'=Cge "A e =1+— e
q

sM _2i¢p>"
Al'e Pa

Observables:

Amq/K:CBq/AmK<Amq/K)SM EK:CeEiM
AZIE=SiN2 (o) AL=SIN2 (B, + by )
AL =Im[I%,/A,| ATIAm,=Re(T%/A,
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UT parameters in the presence of NP

Model-independent fit = m

1
of the CKM parameters j
(neglecting NP in tree decays)  os}

Vexnr =

—A l—— 0.5}

A =0.2258 + 00014 Kl

A =0.804 + 0.001 I Inthe SMis: P
p = 0.140 + 0.046 5 = 0.147 + 0.029
n=0.384 + 0.035 n=0.342 + 0.012
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Eﬁ 80 % -51 2 UTgit
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w Cy,= 1.05:0.34 :
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d

* the sin2p tension produces
the 1.50 effect of ¢y, and the

asymmetry in (AN/ASM, ¢ M)
* up to ~207% NP amplitude is
allowed for generic NP phase
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2. the AF=2 effec'rive Hamiltonian

. . . AF=2
The mixing amplitudes Aqe q=< ‘Heﬁf ‘Mq>
5
AB=2 ~ =
H,, ZZCZ-(H)Q(HHZCZ-(H)Q(H)
=1 =1
0,=q,y.b; q.y"b, (SM/MFV)
Q,=qnb; qrb} 0.=q%b" ¢" b’
Q4_4Rba _BbB Q quB bB
leggyub y“bﬁ
sznga _ﬁbﬁ Q3 QL ngbﬁ

7 new operators beyond SM/CMFV involving

Ciu

chini

quarks with different chiralities
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Hess can be recast in terms of the high-scale Ci(A)

- C(/\) can be extracted from the data (one by one)
- the associated NP scale A\ can be defined as

A = LF, tree/strong interact. NP: L ~ 1
- CI.(A) perturbative NP: L ~ 052 oy

Flavour structures:

MFV next-to-MFV generic
- F1 = Fsu~ (V‘rqv’rb*)z - |Fi| ~ Fsm - |Fi| ~ 1
-Fiu =0 - arbitrary - arbitrary

phases phases
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MFV ~__generic FV

=

Q,
-k
<,

=1
nl'.l1

NP scale A (TeV)

NP scale A (TeV)
Dm

-
=

- -
=] =]

2 S

10

Contributions of the AF=2 operators
to the lower bound on the NP scale in
the tree/strong interacting case
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present lower bound on the NP scale (TeV @95%)

B+K

B only

Scenario

MFEV
NMEV

(reneral

. !
strong/tree
0.0
(2

24000

g loop
0.5
(.2

2400

aw loop
0.2
2

800

strong/tree

14
2200

a, loop

1.4
220

aw loop

0.4
66

* AF=2 chirality-flipping operators are RG
enhanced and thus probe larger NP scales

* when these operators are allowed, the NP
scale is easily pushed beyond the LHC reach

(manifestation of the flavour problem)

* suppression of the 1<-> 2 transitions strongly
weakens the lower bound on the NP scale
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AF=2 processes occur at the loop level,
thus could receive O(1) NP corrections
but effects > ~20% are excluded

common misconception: this result points to MFV
(or even establishes MFV)

if NP < 1 TeV if 1< NP < 10-100 TeV

* suppression of flavour- * suppression of flavour-
violating couplings required  violating couplings needed
in all sectors possibly in sector 1-2 only. No
pointing fo MFV indication of MFV

* SUSY can stabilize the * SUSY can still stabilize
Fermi scale with "mild" the Fermi scale with

fine-tuning "moderate” fine-tuning
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Great potential of flavour physics
to display large deviations from the

Standard Model but
not a single evidence in >20 years
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Great potential of flavour physics
to display large deviations from the

Standard Model but
not a single evidence in >20 years
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Great potential of flavour physics
to display large deviations from the

Standard Model but
not a single evidence in >20 years

...until March 2008!I

Three new evidences announced:

* 2.20 in the CP asymmetries of B -> K
-§ * 3.80 in leptonic D, decays :
{«* * 30 in the phase of the B, mixing amplitude

‘ 1= 3 “.1‘:_ -; il = v —
\PJ\.\ a o k“g:f‘e o “'\.

Lo oot el LA

'*.,_B‘; o
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3. new physics in B; mixing

“w Am, bs,= (-69£14)° U (-20£14)°
s LLT (f;?;)i _ U(2045)° U (72:8)°
Ty (%) e, o0 dark: 68%
* AL = sop
o Al ffianAgL + faXs0Ag, qor
ot JaXdo + fsXso 2::
* AT, and ¢, from the .
untagged time-dependent z:
angular analysis of o W ,4,,,,;",_-'“;,5

B, ->J/¥ ¢ Ce.
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JAT Dunietz, Fleischer, Nierste

Time- dependen‘l' ' x hep-ph/0012219

dtd cos 0dpd cos Y
Cmgl.llal“ anGIYS|S 2 cos? P(1 — sin? 0 cos? ©)| Ao (t)|2

TAGGED UNTAGGED | ;if 0 th o)Ay (D)
2-fold ambiguity 4-fold ambiguity +“’1“\}“’1” | L( )| s
(=0, -ATs, 1-812)  (T+0, -ATs, +8,2) +(1/+/2) sin 2¢) sin® @ sin 2pRe( A} () 1(1))

ol
(=0, AT, +(1-512)) + (1/v/2)sin 2t sin 20 cos pIm(Af (t) AL (1))
- (=0, -AT.. i(TC-Sle)) — sin? ¢ sin 26 511‘1{,911‘11(14”( JAL(1)).

|Ag(#)]* = |A,(0)]%e™"" | cosh &21"1‘. — |cos ¢ sinh + sin ¢ sin(Am i)]

L | ATt AT ¢
[Ao(@)] = |A(0)]Pe™" _cn::rsh 5~ |ms¢:)|‘31n]1| 2| — sin(&mt}]
I {A3(0) 4.4 (1)} = |40(0)] [ A4, 0)] ™™

: . ... At
| sind, cos(Amt) — cosd, cos¢ sin(Amt) — cc:nnn:_:,: sinh 5 ]
m {7571 ()} = |40(0)] [ 4. (0)] e

Al't
— Si-;js{&mt} + cosd, cos¢ sin(Amt) — cosd, sin ¢ sinh 5 ]
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Recently both CDF and DG published the tagged
time-dependent angular analysis of B, -> J/V¥ ¢

2D likelihood ratio for Al' and ¢.

2-fold ambiguity present, no
assumption on the strong phases

arXiv:0712.2397
7-parameter fit + correlation matrix

or 1D likelihood profiles of Al' and ¢,

2-fold ambiguity removed using strong
phases from B -> J/¥ K* + SU(3) + ?

arXiv:0802.2255
Combining the two measurements requires

some gymnastic with the D@ results...
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* default: CDF likelihood+Gaussian
Dd result with 2x2 corr. matrix
* inflated error: as above, but with
error inflated to reproduce the _
20 range computed by DI -
* likelihood profile: using the 1D /

UTf,‘f

dark: 68 %
light: 95 %

B.>J/V &
CDF only

0.15

Probability density

likelihood profiles for ¢, and AT, o o
o, [°]
amblgun‘y reintroduced in the DD result o
— 03 = — 03 e — 03 ,r
'E"m 0.2:— .'f{ !I defaul’r 'E'-m 02:— "fl \' 'E"m 02:—
3 | s r) I {1 I
o1F [ 01 '/ 01
| | @ L
/“7 /2] inflated /4
-0.1 -0.1_—|f { - 0.1 .
'J -", errors
-0.2F -0.2;—.[ f.f 'ﬂ'zz_(' / N R
03" 150 10050050 100 '1::] '0-3:':|50j' 10056050 q06" % 0.3 Eéb 210050 0 51&1601‘;51::]
6] 0 [°] 0[]
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Probability density

dark: 68 %
light: 95 %

Probability density

=
-
(4]

o
—

X Cp=1.07+0.29

‘o

Marco Ciuchini

‘(equ

UTfit
Summer 'O7

]

ANF/A

UTfit collaboration
arXiv:0803.0659

Probability density

Uit L
Winter 'O

0, [°
¢Pps < 0'@99.7% probability
ivalent to the Gaussian 3o level)
for any treatment of the D@ data

3

2.5}

AN/ASM=0.73+£0.35

0.NP=(-51£11)°

ceo b by b b b b by
-qBD -160 -140 -120 -100 -80 -60 -40 -20 N§
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If this evidence is confirmed...

* MFV models are ruled out, including the
simplest realizations of the MSSM
* the following pattern of flavour violation
in NP emerges:
1<->2: strong suppression
1<->3: <0O(10%)
2<>3: 0O(1)
this pattern is not unexpected in flavour
models and in SUSY-GUTs
* In progress: (i) update of the AF=2 operator
analysis, (ii) correlations with AF=1 in the MSSM
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) Upper bound on the NP scale

In the presence of a NP evidence
the EFT analysis also gives an

UPPER bound on the NP scale (TeV @95%)

Scenario
NMEV

(General

strong /tree

35
800

a, loop
4
80

aw loop
2
30

upper bound < lower bound !l

the pattern of the flavour couplings
cannot be general nor SM-like

Marco Ciuchini
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MSSM + generic soft SUSY-breaking terms

All flavour-changing NP effects in the squark propagators

q
(03) 45 g=lu,d}, (4,B)=(L,R]
@ @) w)=23)
» NP scale: SUSY masses m ~m ;
S . (M):
» flavour-violating couplings: (87),,=—25=
m
(??L%L mg(Ag ptan3) {3%2)_,5[, {ﬁ‘fg}_.[.,q (i‘\iig]_r__.{, (Afgj'LR \\
?:-13-1{ (AL RE (AL RR (AL RL (AY3)RR
(MZ)g - mgL me(Ae — planB) (A)LL (e
m2 (AdYpr (A2 n
HEL my( Ay — ptan 3)
\ méﬁ /
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S M = trivial changes in
5h L
5 5 the case AB=2
de 5 -
4 T dominant
. z N gluino-squark
5 4 contributions
o 21 to the Wilson
k I
- g 5 coefficients
k g |
o o 4o Ly
Crm B () Coms0lRufalx) €= (51 (0
. PR =0 =0
C1:%2(612)RRf1(x) C2:%2<512)ka2(x> Cszﬁwm)mfs(x)
2
e -
C4:n72 56112)LL(56112) Yo (x )+(66112)LR<56112>RL][4(X )] Gabbiani et al..
X . hep-ph/9604387
Cy==5(61,),,(67)aafs () H(87,)a(87, ), f s (%)
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* chirality-flipping mass insertions are strongly bounded by
b ->s y: they are too small o produce the measured ¢,

case #1: single mass insertion, e.g. (9,3).

* large MI needed for ¢,
tension withb ->s y
* MI saturates at 1:

upper bound m < O(1 TeV) o1af
* huge effect in b->s penguins o,

Mean -0.1116

5k S(9Ke)-S(T/p Kol o

90000

80000
70000f

60000 F

50000
40000f-
30000F

20000F

10000

O:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIII
-0.5 04 03 0.2 -01 O 01 0.2 0.3 04 05

Marco Ciuchini

Abs(aﬂ)u_ m=350GeV
i Prey;
0.14- b->sy e/,m’)?a,.
E / yr
0.08}
0.06/
0.04}
i (l)s
0.02} . /
R o R ||11|
% 0.1 02 03 04 05 06 07 08 09 1
Page 32
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case #2: double mass insertion, (9.,3), & (8.,3)kr

Abs(3,,), (0,4). * no need Of |(1r'9€ MIs: (623)LL~(623)RR ~3-4 - 10_2
900~ b ->s y is nho longer a problem

8001

700

600

500
400
300

200

1005

: Il L L | i | Il | 1 1 1 Il —h | [l L | |_I = I L
00 0.002 0.004 0.006 0.008 0.01 0.012 0.014

* large effectsinb->s |

penguins still possible < °

(larger if LR MIsare o
GISO SWiTChed On) ::Tu.a T B R BT Ry :;M R R TR R TR
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Lower bound on FV in SUSY-6GUT's

Parry, Zhang, arXiv:0710.5443v2 16-08 f———————— —
mass insertion analysis in a
SUSY-GUT scheme e
* RG-induced (3,3), T oo
* explicit (3,3)ke 5

& o [ o _tDSNP [degrees]]
B | In the UTfit range for the B,
a5 | mixing phase:
BR(t—uy) > 3 x 107 |l
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Hisano, Shimizu, arXiv:0805.3327

0 —
‘m::lil.s-:::_ ] LI LA
In a SU(B) SUSY-GUT with
-4 :
ve and supergravity-like - |
boundary conditions: N R —
-10
large . requires too large &
BR(T_)uy): marginal !!! 14 R R T 11 ||||T%u:=pe;rh:|1n:jl
107 107® 107 107°
Dutta, Mimura, arXiv:0805.2988 Bt — )

0.06

0.04 |-

Enlarging the GUT group to
S0(10), the correlation .-
BR(T—uy) can be relaxed
large ¢, correspond
to large CP asymmetries
inB - X,y

0.02

0.00 |-

-0.02 |

Ap(B->X,7)

-0.04 |
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Flavour Physics Roadmap TS O
8045 — sy 25010
now-2009: TeVatron %oz
/R w observation .z
of ¢ ~-20° %
-0'6_..|....|... lllll
1 0 1
2009-2015: LHC e
- ¢, down to the SM value
+?PEAGRC LI‘{Cb - BR(B, -> p ) down to SM value
+
- UT angle y with dy~2-3°

_ . ?
2015-2020 .T OV? EVERYTHING ELSEN (but K)
£\ TFV, Ax(b -> ), b -> s penguins,
SUPBIB ckm at 1% (with LQCD help),
N/ B.1y, S(K*y), B > Kw, D CPV, ..
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Spare
Slides

Marco Ciuchini SuperB Workshop .- Isola d'Elba - 1 June 2008 Page 37



1. new physics in Kn CP asymmetries?
N(B K nt)—N(B’—K*n")
N(B K nt)+N(B'->K*+n—)

Belle collaboration
AKLED — +007i003i001 NC(Tur'e 452,2008

AMA=Ap+0—Ag+,.7 =+0.1641+0.037 | difference: 4.40

Ax+n7

= —0.094+0.018+0.008

a b
° ° u - w
Is this new physics? T e,
E u B+,BD g
B+, B0 a%. 5w
It could be but SM ..
c d
° ° b a u,d
predictions depend on N et
" a5
hadronic models ; p B S ;
Silvesgrini . A EE T [E Qs
> ivleros 1624 QCDF [50] PQCD [54, 55] SCET [58] GP [92] \
Acp(r®K—) 7aFplF2ot0e+0d —17* —114+94+114+2 34+24
Acp(rtK—) 45ty oot +st 979 —6+5+6+2  —89+1.06
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e GP: general parametrization

A(K LS ) = V’rsv’rb (P1+AP1) - vusvub El
/2 A(K' Tfo) = ViVip (P+AP+AP,) - V V" (Ei+E+A))

EINEfacT+E11/m' EZNEfac‘r/3+E21/m' PINEfac’r/\/mb
A NEfClC'l'/\/m 5, APINO( EfGCT/3+AP l/m, AP ~ (X Efac1'+AP 1/m

Fit K= data wu1'h I/\/mb|<0 4 arg AN/m,=(0,2n)

oret

P,/E YmE™3) ™o E*)
- ] 0.07
I charming ‘large color - large
T 0.051 0.06 )
| penguin  suppressed [ isospin
0.4 0.04[ . . 2L
- needed -emission oodl br'eakmg
0.3 oco3- L 0 g
[ i I A 0.03}
0.2- 0.02f 2
- - 0.02:—
0.1;— |k 0.01;— 0_01;
T T oS T T R e R R E I T Y BT BT T
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Pf'e/,'ml.na
r

the Belle measurement
of the CP asymmetries

Mean 0.7572
RMS 0.0505

+_ 0y, + - Mean 0.119
ACP(K % ) ACP(K n) RMS 0.02308
0.09
nook No clash with
0.07-
0.06
0.05
0.041
0.03[
0.02 S(KS?TO)
0.01 5
:III IIII|IIII|IIIIIIIIlIIIIlIIII|IIII|IIII|IIII 0'14__
% 10.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 -
012
0.1

However... IEE——

S(KsT%),,=0.38 £ 019 o

Marco Ciuchini

0.04[

_|||||||||||
q1 -0.8 -0.6 -0
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2. Evidence for non-standard leptonic

Dobrescu, Kronfeld
decays of Ds mesons arXiv:0803.0512
g &2
B(D,—(lv) = D, TDSJ% GFVC’;mHQ (1 — ﬂ’;g )
T ° ' mp.
- b b bhased on the latest
| i | CP-PACS 00 .
e lattice result only
o | MILC 02
Follana et al.
Nf=2+1 s FNALMILC 07 arXiv:0706.1726
- WPAEROT T (fp.)gop = 241+ 3 MeV
- |HH. R lEXIP- o (fD)expt = 277 % 9 MeV

180 200 220 240 260 280 300 320 340 360 sHifference: 3
courtesy of V. Lubicz st (MeV) fferenc .80

"exotic” new physics: | VRV
- leptoquarks ) >'£+*l')'< T+2/3) 11/
- exotic charged Higgs VANV AN
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Conclusions

Flavour physics is a unique tool for searching
and studying NP complementary to the LHC
There is a first evidence for NP
in b<->s transitions. Confirmation in Summer
From AF=2 transitions, a pattern of
flavour violation in NP emerges:
2<->3: 0(1), 1<->3: < 0(0.1), 1<->2 strong suppr.
The next 15 years of flavour physics
are well motivated and clearly planned:
exciting times ahead
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SuperB New Physics

Marco Ciuchini - INFN

New
Physics

Standard

"The quantum path” 'g’gvz
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What is SuperB?

- improve precision/sensitivity
of B-factories x5-10 O £

- test the CKM paradigm and  S*AH
determine V¢ at 1% level .

- increase sensitivity to LFV in T
decays by 1 order of magnitude
- explore CPV with charm

feasible with 75 ab™! collected

at the Y(4S)

SuperB CDR, arXiv:0709.0451
T. Browder at al., arXiv:0710.3799
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Mode Observable B Factories (2 ab™')  SuperB (75 ab™")

[ [
SuperB physics in tables v«
D" — K+n— ¥y 2-3 x 107 7x 1071
i . T’ 1-2 x 1074 3x 1077
Ob k1 B i 2 ab™ 5 B (75 ab™ .
sinF:;T[Jj’ P KT Mtﬂg‘;; o “'“'I; CI.:::H ) D" — Kir*m~ yp 2-3 x107° 5% 107
2B LI/ ) : o 2-3 x 10~° 5 % 10~
cas(25) (1 /10 K*0) 0.30 o Tp 2-3 x 5 x
sin(24) [Dhn} 0.10 Average Yo 1-2 x 10~* 3x 107"
sl L0 o 2-3 x 10~ 5 x 104 Sensitivity
S{Jfy =" 0.10 RNk Tp & engitivity
S{D_[.:D_} 0.20 .0: DD—)E e DO—",LL - 1 )(10_8
ek o ' 5' 10X D — n%*e—, DO - 2 x 10-%
S(n' KN 0.05 . — mlete” — 7't p =%
gEiEKﬁ?KD) gin L . D" — pete, DG — T 3x 1078
158 012
Sy b improvement | - iee e s
S{foKg 0.12 s Dt — qtrete, DY — gtptpum 1x107%
v (B —= DK, D — COF cigenstates) ~e 157 . .
4 (B — DK, D — suppressed states) ~ 12: . Process SEDEIthlt}' N N 5
(B — DK, D — multibody states) o G . o _g DY — e*puF 1 x 10~
¥ {B — DK, combined) GO B(T CH F) 2x10 D¥ oot ot T 1 % 10-8
o . _ N o s tet X
a (B — aw) re 16 B{T—*E'}) 2x 10 _
a (B — pa) 10 DY — mVe* ¥ 2% 107%
- EE _ij"}d) e : Br —ppp) 2x107 DY — et p* 3% 1073
¥ | COInDInc
B(r — eee 2 x 1071 0 0 & F 8
234 v (D EaF, DERORT) : ( ) 10 D" = K 510
| Vin| (exclusive) : . B(T - ,LI.'??) 4 > 107
IP’:bll {{iﬂ'-']llﬂi"'ﬂ}] : B(t — en) f w 10—10 Dt — qametet, DT — K—et 1 %1078
Vgl lexclusive . _
[Vaol (inclusive) . B(r — (K% 2 x 107 D* — mopib b, D — K- *‘-*“* Lx 107

BR(B — Tv) D¥ — q=ety® DY — K—e*p® 1 x 1078

BR(B — uv) b +1TFC thSiCS

BR(B — Drv)

BR(B — p."}'.ll : ; super Flavou Error with 1 ab™
BR(B — wy) 016 ps—!
Agp(B — K') 0.007 (t) .
A-C'.F'::E — ,r.'.‘"r’} e 0,20 0.07 pS_

Acpib — av) 0.012 {1} 0.004 ()
Acplb— (a+d)7) 0.03 0.006 (1)
S(KS=") 0.15 0.02 {«)
Fi{p") possible 0.10

20°
0.006
0.004
Acp(B — K*&) 7% 1%
AFB(B — K*&€)ag 25% 9%
AT R — Xa08)s 5% 5%
BR(B — KuF) visible 20%
BR(B — mvw) - possible

0.08
383%
10°
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Bible of Super'B Conceptual Design Report

A High-Luminosity
Asymmetric e*e
Super Flavour Factory

The CDR of SuperB is ready!
476 pages (~130 about physics)

INFN/AE-07/02, SLAC-R-856,
LAL 07-15, arXiv:0709.0451

Also available at:
www.pi.infn.it/SuperB

copies can be requested from
Lucia.Lilli@pi.infn.it

next meeting:
SuperB Workshop VII
La Biodola, Isola d'Elba (IT)

May 31" - June 3", 2008
www.pi.infn.it/bfactory/SuperB_elba2008
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http://www.pi.infn.it/SuperB

SuperB physics goals
NP found at LHC

* determine the flavour- and CP-violating

couplings the NP Lagrangian
* look for the effects of heavier states
beyond the LHC discovery reach

NP not found at LHC

* look for indirect NP signals coming from
the 1-100 TeV energy range
* exclude regions of the NP parameter space
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Overture: CKM matrix at 1%

Today With a SuperB in 2015
= - = ; / “the dream’ = “the ni are”

0.5[ L~ 0.5 i e 0.5F -
04:—\ \ & 0.4F — 0_4§ BR(B )
0.33— & 0.3 EK . 0.3 —EK 7
e / 02 : o2

g Vo B / "
0.1& Amg ‘V°"| 0.1F 0.1fF

L v, B I N

of of of

5/nu -------- lov oo Lo na by vl \-U;r_f-”-‘ : f‘A\ | 1 BT(B_)W) |\UTi‘ AW I..._.I....I..j}.luuuul\-u;r_ffr-‘

0337 0 01 02 03 04 05 06 987 o0 01 02 03 04 05 06 OH7 0 01 02 03 04 05 06

P P

Y
Generalized UT fits:  today SuperB

CKM at 1% in the 5 0.187:0.056 +0.005

presence of NPl 7 0.370:0.036 +0.005
- crucial for many NP searches with

flavour (not only for B decays!) U. Haisch, Kaon ‘07

KL ->mlvV

4%

4

get

error bud
3
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Higgs-mediated NP in MFV at large tanf3

2 b I*
m
BR(B*—I"v)=BRgy(B'—=I"v){1-—>tan’g

2
Y @(W,WW<
formula and plot for 2HDM .

H
similar results for MSSM O excl. 26

o = I BR(B -> Iv)
sensitivity: o
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Process Sensitivity

T flavour violation B ) T

.|”- B(r— ppp) 2x 10~

o not just yet-another pr T
—l X order of magnl’rude start B(r —pn) 4 x 1079

B(r — en) 6 x 1071

E“ SHH probing the interesting region su— ) 2x10
- help dlsen’rangle SUSY and LHT raedels's talx

- in Grand-Unified models:

* can identify the origin of LFV
(CKM or PMNS):

* is complementary to the MEG

sensitivity to BR(u->ey) ~10

Lepton MFV GUT models

Isidori, 4™ SuperB workshop :
B(1— uy):B(t— eP):Bu—ey) ~ A%: 11 - 10*:500:1 «—LFV from CKM

B(t— Wy):B(i— e):B(Uu— ey) ~ [500-10]:1:1 = LFV from PMNS
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. -reconstucted -
- abs(823)r =
BR(B->X.y) | 0026:0005

" rarg(823)ik =

| (44.5+2.6)

Explicit model: MSSM
N\a"

SuperB

(Af)Lr (AYs)LL (A{3)Lr \ w105

(ﬁ‘fg)RR (Afs}RL (A 13}RR F:\ ACP(B->XS’Y)
(A%3)Lr e .
B —oo  all fogether —
Ap — ptan /i) ﬂ' Lliiiiiiin.,

Mass Insertions iiiiERRRRRRIRIIN
T coOnE EEwe DESEEE-TEENo

d _ d 2 -1 5 o 2ao AESEEToTEROEAEEC
(8%)ae = (A%j)ar/ My B L

masECLLr
Tem
a

| i 5 W | |

o IJ']EII_JTIIII
z;. "llllll B==] = m.
OEnoEEaE -
OEEee s sssenENE

I
- 1]
: = mEE
a:N=I=
=l

abs(823).r

TEEENENEEEEEE . TEEEEE
TEINEENNNE NS Ees s rs e mEED

1) sensit. to

A<20 TeV
Reconstruction of

ii) sensit. to
|(8%3)1r(>107

B R (8%3).:=0.028 e™* for
fOr' A<l TeV . ::»ng,uim('rev) /\ = mgz ma = 1 Tev
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—u— #1

o- ﬂﬁm

& Sum

= #1 Trend
Line

e H000 Trend
Line

= Sum Trend
Line

V. Lubicz,
4™ SuperB
Workshop
and
SuperB
CDR

- EDD‘* Projected Performance Development
Theory keeps up... |
- lattice QCD can reach the
O(1%) precision goal in time b 100
. . = I TFlops
- some progress for inclusive $ imeie
techniques for SL B decays ol
- non-leptonic B decays more i T
prOblemGTK: Hadronic Present 1-10 PFlops
Measurement 6 TFlops 60 TFlops
Parameter Error (Year 2015)
K—>nalv fE7(0) 0.9% 0.7% 0.4% <01%
Ex By 11% 5% 3% 1%
B—ailp ¥ 14%  3.5-45% 2.5-4.0% 1.0-1.5%
Amy il B 13 % 4-5% 3-4% 1-1.5 %
Amg/Am, £ 5% 3% 1.5-2% 0.5-0.8 %
B—}D/D*EU ‘FB—:-Df'D* —1% 2% 12% 05%
B - a/ply gt 11% 5.5-6.5% 4-5% 2-3%
B B¥ Ll Bt B2 13 % = S 3-4 %
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Conclusions (ii)

Only part of the SuperB physics program
relies on theory upgrades. For this part,
theoretical errors of O(1-2%) are needed:
feasible for LQCD; challenging but possibly
reachable in inclusive measurements;
factorization needs checking on channel basis

SuperB and S-LHCb physics programs are
largely complementary. As for the part in
common, they are competitive but SuperB can
measure more and th. cleaner channels
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An issue to debate: 10°° vs 10%*

we plan to complete the exercise for B physics
during this week. Yet O(1) differences on
accessible scales and couplings can be anticipated

although any such difference could be crucial,
they are likely not very impressive to present and
difficult to defend, given the intrinsic uncertainty
of the EFT approach which was heavily used

we should look for qualitative differences in the
physics that can be done with 75/ab vs the
physics possible with say 10-15/ab
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This means that we have to look at qualifying
points which are difficult to achieve even at 10°°
A couple comes to my mind:

i) the “full LHC" label, i.e. the possibility to
to measure flavour effects in the whole LHC
discovery energy range, fully playing the
complementarity game with high-pT searches
i) the possibility of measuring theoretically
interesting values of LFV BRs and of being
complementary with the MEG measurement

These goals are not attainable with 10°° but we
have to clearly show that they are at SuperB
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o dark: 68 %

X

CAsz 0.93+0.32
= 0.92+0.12

_1|:—
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Minimal Flavour Violation (i)

°CZSM — ggauge +°CZH1 ggs +°CZYukawa
7

gauge Higgs

U(3)=SU(3),XSU(3), XSU (3), X ...

invariant under the global symmetry

gYukawa: QL YU UR(E—l_QL YD DR(P_I_ IS for'mCl”y

invariant if Y, = (3,3,1) and Y= (3,1,3) (spurions)

MFV hypothesis: NP operators (built out of the
D'Ambrosio et al., NPB645 (2002) SM and spurlon flelds) mUST be
invariant under the global symmetry
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Minimal Flavour Violation (ii)

Chivukula,Giorgi,PLB188(1987)
Hall,Randall,PRL65 (1990)
Gabrielli,Giudice,NPB433 (1995)

No new sources of flavour' Gabrielli MC Giudice, PLB388 (1998)

Buras et al., NPB500 (2001)

and CP violation beyond the SM

- NP contributions governed by SM Yukawa couplings
ex.: small-tanp CMSSM and mSUGRA, Universal xDim, LHM
- NP only modifies SM top contribution to FCNC & CPV

unless other Yukawa couplings are enhanced; for example
large tanp in 2HDM enhances bottom contributions

IHDM/2HDM at small tanf 2HDM at large tanp
same operators as in Hee " new operators wrt He:"

NP in K and B correlated NP in K and B uncorrelated
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