The physics of SuperB ,‘\

from a theorist's point of view
Marco Ciuchini - INFN S"I]erB
outline of the talk:
i) overview of the physics case U
* basic concepts and selected topics
ii) theoretical uncertainties
* classification of the observables
* projections to 2015 (mainly lattice)
i) comparison with (S-)LHCb thanks To:
* overlap and complementarity T. Gershon

V. Lubicz
* the S-LHCb op’rion A. Stocchi
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Why flavour physics?

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

SM quark FV and CPV are governed by the weak
intferactions and suppressed by the mixing angles,
SM lepton FV is strongly suppressed by (6m,/My)

NP not necessarily shares this
pattern of suppressions and can give

very large contributions
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Flavour Observables Sensitive to New Physics

Am, ¢, ele, B(K,—»n’vv) B(K > vv) B(K'=>1"v)
Am, A, (B,) S(B,-JlyK:) S(B,»¢K.)
«x(B-mm,pm,pp) y (B—DK) CKM fits
Am, Ay (B,) S(B.—JIw¢p) S(B.—dd)
B(b—sy) As(b—sy) S(B°-K.mn’y) S(B.—¢y)
B(b—dy) Ac(b—dy) A(b—(d+s)y) S(B'—p’y)
B(b—sl" ") B(b—dI"lI") Ai(b—sl"I") B(b—-svv)
B(B.—I"I") B(B,—1"1") B(B"=I"v)
B(u—ey) B(u—e‘e e’) (g-2), u EDM
B(t—uy) B(r—ey) B(t"—=I"1"1") T CPV 1 EDM
B(D: —I"v) X, Yo charm CPV

©2007 T. Gershon
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Will be Studied at SuperB
B

Am, e, €le, (KL—-}TTDVT—’] B(K -t vv) B(K'=I1"v)
A, B)Is(B,— JiwK)|[s(B,—»pK:)
Am.

B0~ )
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Mode Observable B Factories (2 ab™')  SuperB (75 ab™")

[ ] [
SuperB physics in tables v«
D" — K+n— v 2-3 x 107 7x 1071
i : T’ 1-2 x 1074 3 % 1077
- - . o - e - 5
C-)bscr'.ablr_, - B factories (2 ab™ ") Buper B (73 ab™ ") Do s I(E?T+?T_ un 2.3 » 10-" 5 % 10-4
sin(23) (J fu KY) 0.018 0.005 (1) ~ i »
cos(28) (J /2 K 0.30 0.05 Tn 23 x 107 5 x 10
sin(23) (Dh") 0.10 0.02 Average Yo 1-2 x 10~* 3 x 1074
cos(273) {Dh”] 0.20 0.04 -3 % 10~ 5« 10-1 Sensitivity
S{J =) 0.10 0.02 Tp =X 0 X ENSItIVIT)
S(D+D-) 0.20 0.03 D — etem, D° — ptpm 1 % 10-2
o E r
Sericd 005 o1 5-10X DY — altem, DY — 2 % 1078
S{n'K") 0.08 — wlete "r,u no 2 x
SEK;.;h;%K 2) 0.13 0 D° s pete- Do ot 3 % 10-8
S(KDx 0.15 0 . ) .
Slwk?) 0.17 03 lmprovemen'r D" — Klete=, D" — Klp*p~ 3 x 1078
S(foK?2) 0.12 0 D¥ s mtetem, DY — atpt s 1 x 10-8
v (B —= DK, D — OF cigenstates) ~e 157 . .
v (B — DK, D — suppressed states) me 129 2, Process SE‘DBIthlt}'
v (B — DK, D — multibody states) o G2 . . o D" — e*pF 1x 1078
v (B — DK, combined) i B{T H f) 2x10 D+ i’r+e:|:|;_£.:': 1 % 10-%
a (B — aw) i i B{T — e '}:] 2 x 10-%
0 0.+ -8
o (B — pp) : 10 DY — ge* 2% 10
aiﬂ—um}] 2 - B(r — ppp) 2x10 D'Z'—}nei,ui 3 % 108
o {combined i r
B(r — eee 2 x 10~ Oty -3
2{3+?[D{‘]=W;.Dt1{gﬁ;} . { ) . D .ﬁ 3 x 10
| Vin| (exclusive) . E{T - f‘”?] 4 x 10
Ilr’rall {I:incluaiw}] : B(r — en) 6 x 10-10 D¥ — qetet, DY — K- etet 1x107%
Vgl lexclusive 3.
u + ot DY s Kttt -8
[V, (inclusive) 2. B(r — (K" 2 x10°" D¥ — aprpt, DY — K-prpt 1x10
BR(B — Tv) : DY - g=e*y® DY — K—e*p® 1 x107%

BR(B — pv) risible _ +7 FC thS|CS (CPV, eee )

BR(B — Drv)

. ; B . =1

gggg = o L:'} ! sLlper\ Flavour\ Fac"‘ory Observable Error with llab

“ N AT 0.16 ps~
Acp(B = K*y 0.007 (1) 0.004 (f + " "
_452%5 — pv) :I ~ 0.20 {}.D:,:’.'m } a "treasure chest r 0.07 ps~!
Acplb — av) 0.012 (1) 0.004 (t) 3. from angular analysis 200
Acr(b— (s + ) 0.03 0.005 (1) of new | . ol
S(KS=") 0.15 0.02 (+) . SL :
S(p7) possible 0.10 phys ics- Ac 0.004
.-1;:‘_-;(5 — K*ef) % 1% 1_ B(B, — ptu™) -
AFB(B . K*éf)sq 25 % 9% _ i1ti -
AFB(B — Xa£€)aq 35% 5% : sensitive IVia/Vael .0'08
BR(B — Kuv7) visible 20% Obser'VClbles B(B, — v7) 38%

BR(B — muw) possible B3, from J/v¢ 10°
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does SuperB probe interesting physics?

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

The quantum stabilization of the weak scale
suggests <1 TeV A (TeV)

LHC searches in this range 10—

What if the scale is just above,
in the 10-100 TeV range? Flavour
naturalness is not at loss yet SuperB

1
CDR: precision flavour physics at [REELE=E & LHCD
SuperB explores up to ~100 TeV LHC \
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New Flavour Physics & EFT:
a problem of scale and couplings

L=L,, +2 (2 CkQE)/AX

NP flavour effects are governed by two players:

i) the value of the new physics scale A
ii) tThe effective flavour-violating couplings C's
+ couplings can follow a given pattern
(e.g. dictated by symmetries)
+ couplings can have different strength
(e.g. generated by different interactions)
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- exp. constraints give a bound A “pictorially”:
on A for any given C and |
vice-versa

- different curves correspond
to different flavour models

What do these plots teach us?
A branch point for NP searches at SuperB:

NLOGOR UM R ol NP(A) not found at LHC

* determine the NP FV and  [allee] 4 fe] gliTqTe ITal=Yos il \| -] TeqTa {5
CPV couplings * understand where they

* look for heavier states come from

* study the flavour * exclude regions in the
structure of NP parameter space
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UT fits: test of the CKM paradigm at 1%

Today With a SuperB in 2015
|= 0.6 or i |= 0.6
5 . The dream”™ . “the ni are
050 0.5 Amy
0.4 / 0.4:
0.3 Ex 0.3 EK 7
0.2 0.2 —
0.1; 0.1; T A v
of 0;
........ [P NP P IR e L4 |L.||U||I+

0317 0 01 02 03 04 05 06 037370 " 01 02 03 04 05 06 Obi 001 02 03 04 05 bs

Y p

Generalized UT f ITS!  today SuperB K-> 1OV
CKM at 1% in the 5 0.187+0.056 +0.005

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

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

2 e

error budget
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. -reconstucted -
MSSM abs(izs
, BR(B->X.y) + 0026:0005
M a‘ - SuperiB l.';ar9(623)LR:

| (445:26Y
R Acp(B->XsY)
—oc all together -

(Af)Lr

(AY)rr

s epeElEENEENEer= e SN EDNERDEEEEE"
RN - -1-0-1-]-0 | I R RO Y} ENEEEEEEOnDnE e

Mass Insertions E ::E:E”???'??E'“"i@?%‘??”-r}”{ i
(8%)ae = (A%;)ap/ My’ '

OOo w s
am

B
HEm e e OO

- o
" o0 O s = -

---------
.......

abs(823)Lr

AR ENERNEEEEEETS N I E A EEEEEREIN
pEENEEENNEEEEes s s s e EDD @ RN

1) sensit. to

A<20 TeV
Reconstruction of

i) sensit. o
|(823).r>107

N . R (8%3).:=0.028 e™* for
for A<l TeV . :ngluino(TeV) A = mgz ma = 1 Tev
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Process Sensitivity

T flavour violation B ) 20

.|”- B(r— pupp) 2x107"

B Eh / not just yet-another S
—L X order of magnitude: start B(r—un)  4x107"
E‘ SLL\_L B(r — en) 6 x 107"

. pr'oblng the m’reresng r'eglon B(r — ¢K®) 2 x 107"

- help disentangle SUSY and LHT models see Hitlin's talk

- 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—ep) ~ A%: 21 - 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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Higgs-mediated NP in MFV at large tanf3

5 2 b I
BR(B"—/["v)= BRSM(B+ —1"v)|1 —%tanzﬁ (H+,W+)<
H
formula and plot for 2HDM .
similar results for MSSM E .
imi fo tI - BR(B -> Iv) excl. 2

sensitivity:
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theoretical
uncertainties
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Issues on theoretical errors

* how much does the SuperB physics program
count on improvements of the theory?

* what are the theoretical tools needed for doing
precision flavour physics? Are they available?

* could theoreftical uncertainties hinder NP
contributions irrespective of the achieved
experimental precision?

* are the projections of the theoretical errors
presented in the CDR realistic?

arco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 15



no theory B(J /v K), y(DK), o(mtw)*, NP insensitive or
improvements lepton FV and UV, S(p%) null tests of the SM
needed CPV in B->Xy, D and t decays or SM already known
zero of FB asymmetry B->XI'I with the required accuracy

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

target error: ~1-2%
improved Possibly feasible with
OPE+HQE B->X, v, B->Xy SuperB data getting rid
of the shape function.
Detailed studies required

improved target error: ~2-3%
QCDF or large and hard to improve
SCET S's from TD Ac uncertainties on small
or flavour in b -> s transitions corrections. In addition,
symmetries FS+data can bound
the theoretical error
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Estimates of Lattice QCD uncertainties
in the SuperB factory era:

WARNING ©2007 V. Lubicz

e Uncertainties in Lattice QCD calculations are
dominated by systematic errors. The accuracy does
not improve according to simple scaling laws

Predictions on the 10 years scale are
not easy. Estimates are approximate

o I have tried to be conservative..

e I neglect the impact of algorithmic improvements and
of the development of new theoretical techniques. very conservative

a T assume that non hadronic uncertainties, e.g. N2LO
calculations, will be reduced at a level < 1% Realistic

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 17



CDR: Estimates of error for 2015

Ny

Hadronic | Current 60 TFlop | 1-10 PFlop
. ; 6 TFlop
matrix lattice Vear Year Year
element error [2011 LHCb] [2015 SuperB]
pE= (0) 0.9% 0.7% 0.4% < 0.1%
b (22% on 1-f,) (17% on 1-f,) (10% on 1-f,) (2.4% on 1-f,)
ﬁE 11% 5% 3% 1%
fy 14% 35-45% 2.5-40% 1-1.5%
f B¢ 13% 4 -5% 3-4% 1-1.5%
£ 5% 3% 1.5-2 %% 0.5-0.8 %
(26% on &-1) (18% on &-1) (9-12% on &-1) (3-4% on £-1)
3 4% 2% 1.2% 0.5%
B—=DD*v | (40%o0n1-H | (Q1%onl-F) | (13%onl-H | (5% en1-F)
ff’“,... 11% 5.5-6.5% 4-5% 2—-3%
T B K 13% 3 — 4%

Marco Ciuchini

S.Sharpe @ Lattice QCD: Present and Future, Orsay, 2004
and report of the U.S. Lattice QCD Executive Committee

SuperB International Review - Frascati, 12 November 2007
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Strategy:

1.Determine the parameters of a "target” lattice
simulation (i.e. lattice spacing, lattice size, quark
masses...) aiming at the 1% accuracy on the physical

predictions

2. Evaluate the computational cost of the target
simulation

3. Compare this cost with the computational power
presumably available to lattice QCD collaborations in

2015

—— SuperB-driven requirement
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Sources of errors in lattice calculations

Statistical

- 0(100) independent configurations are typically required to
keep these errors at the percent level

Discretization errors and continuum extrapolation:
a—0 [Nowa= 0.1 fm]

Chiral extrapolation: I'n — m"""“ [Now m, 4 2 m,/6]
Heavy quarks extrapolation: m, —»m,,... [Now my = m]
Finite volume [Now L = 2-2.5 fm]

Renormalization constants: O,,.(n) = Z(ap,g) O,.44(a)

- In most of the cases Z can be calculated non-perturbatively:
accuracy can be better than 1%

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 20



Cost of the target simulations:

Light quarks phys. Heavy quarks phys

Nconf=120 Nconf=120

a=0.05fm a=0.033 fm
[1/a=3.9GeV] [1/a=6.0 GeV]

m/m_=1/12 m/m_=1/12
[m,_=200 MeV ] [ m_=200 MeV ]

L. =4.5fm L. =4.5fm
[V =90°x 180] [V = 1363 x 270]

0.07 PFlop-years Wilson 0.9 PFlop-years Wilson
1-2 PFlop-years 6W

Overhead for Nf=2+1 and lattices at larger @ and m is about 3

Affordable with 1-10 PFlops !
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Empirical formulae for CPU cost

For Nf=2 Wilson fermions:

N

L. \( L
TFlops-years = 0.03 conf s ¢
100 3 fm 2L

0.2 0.1 fm
mlm a

1 &=

x10-30 for GW

e Comparison with Ukawa 2001 (the Berlin wall):

e Tremendous progress of the
algorithms in the last years. 5

| b

[LOJEeT "emeyn]

*"...-.L.—..-—.—...—..-.I.-.-.—-l..-.-

3
N L L
TFlops-years = 3.1 conf s ¢
100 3 fm 2L

02 \ (01 fm
mim. a

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007

.0

Mg ) 1Ly,

l

[Del Debbio et al. 06]

T

10|d uljieg

)_,,
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Estimate of computational power

Projected Performance Development

200 2015

10 FFlop= F
= = #1
E 1 FFlops f’l‘ o #5300
ocoj d -B- Sum
nm 100 TFlop= = 1 Trend
1 Line
‘5 — 500 Trend
G 1d THDFIS' 005 Line
— Sum Trend
E 1 TRlopa Line
QO Fasy
ﬁ & 100 GFlops -
10 GFlaps-
1 GFInpsEEﬁ'DU
100 MAops +———"T——T T T T T T

Today ~ 1 - 10 TFlops
2015 ~ 1 - 10 PFlops
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comparison
with (S-)LHCb
7°\
superB

*“Who will be the true
superhero of 2015

flavour physics ?“
©2007 6. Wilkinson

e .
. !
e
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The LHCb legacy for SuperB

Amg

Bs >pnp
0s(J/y )
S(Bs-> ¢ 0)

sin2fB (J/wv Ks)
S(¢ Ks)
Ara(K*up)o
ACP(K*Y)

v (all methods)
o (pm)

LHCb - 2015

10/fb (5 years)
0.07%(+0.5%)

5o observation of SM BR
0.01+syst

0.042+syst

10/fb (5 years)
0.010

0.14+syst

+ 0.28 GeV’+syst
< 0.01

2.4°
4.5°

LHCb reach from O. Schneider,
1°" LHCb Collaboration Upgrade Workshop

SuperB

1/ab (1 month at Y(5S))
no

ho

0.14

possible

75/ab (5 years at Y(45S))
0.005

0.02

+ 0.3 GeV~?

0.004

1-2°

1-2°

* LHCb main results on Bs where SuperB potential is
limited (but not vanishing: As!l) - complementarity

* SuperB provides significant improvements (x2-8
better) over LHCb on the overlapping observables

Marco Ciuchini
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S-LHCb: a SuperB competitor in 2015?

* Major upgrade of LHCb aiming
at collecting 100/fb in 5 years

Amg

* LHCb physics program pushed AL, /T
. . 0,

to extremely high precision  prp . )

* few new modes become Y (Bi— DK)
.bl . S / | K AS(BS_) (I)(I))
accessible: S(0/n K) in2p
SuperB and S-LHCb are: o (B— pm)
- still largel lement e
gely complementary v (ADS)

- competitive with each other Y (Dalitz)
ACP(B—> K*’Y)

on the common modes (up o An,B— k*).
systematics to be studied),  AS(B—¢K)

but SuperB can measure more:

sLHCb reach from 6. Wilkinson,

15" LHCb Collaboration Upgrade Workshop
L B L B B B L L L BN B LI LU

----------

---------

----------

-----

~ SuperB
75/ab (45)
1/ab (5S)
o ~ SLHCb
o 100/fb

v e b b P b i
25 04 03 02 0 0.1

N AR B AR BT
02 03 04 05

* multiple approaches to the same physics (e.g. S(b->s), a, LFV)
* theoretically cleaner channels (e.g. inclusive b -> sy, b -> s |I)

Marco Ciuchini

SuperB International Review - Frascati, 12 November 2007
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Observable B Factories (2 ab™')  SuperB (75 ab™") SUPer‘B only

overlap with SLHCb in red | memmsr s rmmm < o

at threshold

23 x 10~ 5 x 10~ * semilept.

‘ —3 —4
cos(28) (J /0 K 0.30 0.03 23 x 10 5 x 10
sin(23) (Dh") 0.10 0.02 5 % 103 5 < 101 D decays
cos(23) (Dh°) 0.20 0.04 ; \ I
S(J /=) 0.10 0.02 2-3 % 10~ 5% 107 Sensitivity

s(0*D-) 0.20 DO —ete, DO —ptpm  1x10°
+ I D — q'te, DY — 7t~ 2 x 1078
S(KSKSKS) | T physics (.CPV.' ) D" — pete, D — ity

s(8x) ; incl. polarization = po . gose po g0,

S{w k)
SlfoKy : see next talk

Observable B factories (2 ab™ 1) SuperB (73 ab™ 1)

Process Sensitivity

B(r — u~) x 1077

a (B — aw)

o (8 = op) - e Blr—eq)  2x10- DP — ety in all charged

f=% {cumbinl:cl} e G B(T = #‘.LL#'J x 1{]—1[! D= neiﬁﬂ: Tr'GCk final 51'01'65

DU s KDE:I: F
B(r — eee) 2 x 1071 o
| Vin| (exclusive) 4% ()

IV._-bll {Eincluaim]} l: E*::: B(T — f-"?}'] 4 % 10~
Vgl lexclusive A " _ . 1
[Vis| (inclusive) 8% () _ B(r — en) 6 % 10

BR(B — Tv) 20% B(r — (K" 2 x 107"

BR(B — pv) visible
BR(B — Do) 10%

BR(B — pv) 15% Super Flavour Fac-rory Observable Error with 1 ab™"

BR(B — wy) 0%

Acr(B — pr) 0,20 a “treasure chest"
Acplbh — av) 0.012 (1) 0.004 (1)

Acp(b — (s+d)v) 0.03 0.006 (t) A Of new 5
SR 0.15 0.02 {«) : e AL

physics-

sensitive Via/ Vaol
B(B, — v7)

e(s = ) I Observables |

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 27
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Conclusions (i)

Many NP studies exploiting precision flavour
physics can be carried out at SuperB
The SuperB physics program complements and
extends the NP searches with high pr at LHC:
(i) LHC tells us where NP is: SuperB (only)
can measure systematically the new FV&CPV
couplings, i.e. the flavour structure of NP
(ii) NP at scales beyond the LHC reach could
give measurable effects at SuperB: unique
opportunity to explore the 5-100 TeV range

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 28



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

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 29
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Minimum lattice spacing
[From S.Sharpe @ Lattice QCD: Present and Future, Orsay, 2004]

Rough estimate: « Assume O(a) improved action:

— 2 n
Qlatl: o ant I:l + (‘IAZ) + (ﬂf[\n) T “':l
- Improved Wilson: n=3. Staggered, maximally twisted, GW: n=4
- For light quarks: Ay ~ A ~ Agcp. For heavy quarks: Ay ~ A~ my

Assume simulations at
a . and \/Ea and

min min’

linearly extrapolate in a’.
The resulting error is:

i 5anntf Qﬁunt =
(Zn.'rl . 2) (H An )]1

min

Marco Ciuchini SuperB International Review - Frascati, 12 November 2007 Page 31



We require: £=6Q_./Q. .  ~(2"-2)(a

Minimum lattice spacing (cont.)

{

Simulations with
light quarks only:

A, =my ,=0.8 GeV

a . ~0.056 fm ,n=3
a_ . ~0.065fm ,n=4

A = 0.01

min

Marco Ciuchini

Today: a ~0.06 - 0.10 fm

Simulations with
heavy quarks:

A, =m_= 1.5 GeV

a . ~0.030 fm ,n=3
a . ~0.035fm, n=4

(cost ~a?®)

SuperB International Review - Frascati, 12 November 2007 Page 32



Minimum quark mass

e Chiral perturbation theory (schematic):

Qe = Qpuys [l + \rczl(rnmf"mp)2 o cl(mmfmp)" + ]

-¢;~¢,~0(1)

e Assume simulations at two values of m /m . The resulting

error is

6= 6Qu./ Qe ~2¢,(m /m )

4

min

e If we require € = 0.01 then (assuming ¢,=1):

(m_/m p)min ~ (.27

Today:

Marco Ciuchini

(i, Im,) =116

min

—

*

(i, /m,) ~1/12

SuperB International Review - Frascati, 12 November 2007

Physical (;ﬁ I m ) ~1/25
q § phys

value:
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Minimum box size

Finite volume effects are important when aiming for
1% precision. The dominant effects come from pion loops and
can be calculated using ChPT. E.g:

A/ f. AB./B..
J K K
i & —— =T CEIT
T r QG.“T N T T T T —— QCRET
r 1 —-= PQUEFT f_=1] - 1 = :QG_P' =)
5 [ — - — PQCRPT {5, =05 ar [ 11! ———;Qf.q-_P'.'u_:ﬂ.E::
“r 17 —— POCERT (=% SF 17 BQLLFT {r,~03)
f - 0.0 ] S
-0.2 e 4 -0 = ]
e “[=101fm L=15 fm / L=10fm L=15fm
PP T T R T T T T T T T [ (SR NN T TN T SN R TN T S R AT TR TN T T TN TN ST S T N |
g2 b 0 0
o0 [ S e—— - 0o 0 = 0
[
-0 {+ 4 -0z Bl i 17 .
L=20fm | L=25 fm . L=20fm | L=2 5 fm
25 ¢ 03 T T 7 0.2 04 oo 0 oI [ o0 A

04
7 7 r r

[Becirevic, Villadoro, hep-1lat/0311028]

2 2
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e For matrix elements with at most one particle in the initial and
final states finite volume effects are exponentially suppressed:

£=6Q,../Q .~ cexp(-m_L)
with ¢ ~O(1)

e If we require € = 0.01 then (assuming c=1):

m_L~ 4.5

o« If m/m_~1/12 the pion mass is m =200 MeV. Thus:

L~ 4.5 fm

o Witha=0.033 fm the number of lattice sites is

Today the typical size is: 32 x 64

More than 300 times smaller

V& 136° x 270
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Heavy quark extrapolation

e A relativistic b quark cannot be simulated directly on the
lattice. It would require @ m,<<1. Typically that means:

l/a ~ 20 GeV e g ~ (.01 fm

This lattice is too fine, even for PFlop computers.

o Two approaches to treat the b quark:

- HQET
1) Use an effective theory NRQCD

on the lattice: (no continuum limit)

- "Fermilab”

2) Simulate relativistic heavy quark in the charm mass region
and extrapolate to the b quark mass

e The most accurate results can be obtained by combining the
two approaches
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Relativistic

e Besides the static point,
lattice HQET also allows a
non-perturbative

determination of (A/M)™

Static limit b quark
(HQET) quarks

— 12F !
L [
e 1..51;-; & i1
E 03 _ ol fm m )
= 06 f ok (m)
T | ] L ]
-I—] 1 ] LI ]
i 12}
|_| |

08 k¥
E E OB, fim,m) 1)

0.6 ) of m)
;' q i — ———————
T 1.2 ' %

10 F £
i .
v 08 F P — P

© Ju'ljﬂrma'i'[j']

= A B R S R
E a.0 0 1.0 i)
o M"lefp
(]
ll:l L ] L]
& The B-B mixing

B parameters

Marco Ciuchini
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corrections [Heitger, Sommer,
hep-lat/0310035]

The point interpolated to
the B meson mass has an
accuracy comparable to
the one obtained in the
relativistic and HQET

calculations
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Crucial questions for NP searches with flavour

1. can NP be flavour blind? “"no”,
NP couples to SM which violates flavour

2. can a "worst case” be defined? "yes”,

through the class of models with
Minimal Flavour Violation

NP follows the SM pattern of flavour

and CP symmetry breaking  cabie Giudice, nppas:

Buras et al, NPB500
D'Ambrosio et al., NPB645
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Minimal Flavour Violation

Gabrielli, Giudice, NPB433

Buras et al., NPB500
NO new sources Of f|aVOLlr' D'Ambrosio et al., NPB645

and CP violation beyond the SM

- NP contributions governed by SM Yukawa couplings
ex.. Constrained MSSM (MSUGRA), Universal Extra Dim.
- NP only modifies SM top contribution to FCNC & CPV

unless other Yukawa couplings are enhanced; for example
large tanf3 enhances bottom contributions

1HDM/2HDM at small tanp 2HDM at large tanf
same operators as in H.q" new operators wrt Hee "

NP in K and B correlated NP in K and B uncorrelated
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Constraints on the MFV NP scale

D'Ambrosio et al., NPB645

MFV models with 1HD or 2HD @ low/moderate tanp:
Universal NP effect in the AF=2 loop function of the top

= AN SO(:EI‘:) ANP —/ _J
HAF=2 = Hen + Hap = (Viql/;qf) ( VR ) (@) v—ay (@D _a
0

2

AO W}/} T
= — Ny = ~ 2.4 TeV
Sol) = 80(x,)+05,, 165,/=0 4/\2 Y V2G p My i
Today: SuperB:

AMFV> 23Ao @95% pr'Ob. AMFV> 6Ao @95% pr'Ob.
NP masses > 200 GeV NP masses > 600 GeV

NB: constraints from AF=1 processes not included
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The AB=2 effective Hamiltonian beyond MFV

i%ZQWWM);ﬁWWM)

=1
Q.=q;y,b; qiy"b, (SM/MFV)
Q,=Gpb; Gab! Q;=qpb! i b;
Q,=qr b} q, bk Qs=qr b, q, bk
Q.=qry,. bk Gry" bi
Q,=q; by q; b} Qs=q; b} q; by

7 new operators involving quarks
with different chiralities
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H.¢s can be recast in ferms of the high-scale C(A)

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

Ao LF, strongly interacting NP: L~1
- C.(A) weakly interacting NP:  L~aw s’

MFV. F1 — FSM ~ (qu VTb*)Z , Fi¢1 = 0 and L"’OLW2

generic flavour structure next-to-MFV

- [Fil ~ 1 - [Fil ~ Fsm
- arbitrary phases - arbitrary phases
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UTfit collaboration, in preparation PRELIMINARY

generic FV NMFV

B4 Sector B, Sector

Re(Cl) [-0.9,3.00110°"% Im(C)) [-1.0,3.7]107" Re(C}) [-0.7,2.8]10°°% Im(C)) [-0.7,2.6]107°
Re(C3) [-15,04]107" Im(C3) [—1.5,04]107"° Re(C3) [-14.4,36]107° Im(C3) [-14.3,3.8]107°
Re(C3) [-1.2,5.7]107' Im(C}) [-1.5,5.3]107!° Re(C3) [-1.1,5.6]10"%* Im(C]) [-1.5,5.2]10"°%
Re(C3) [-0.8,48]10"" Im [—1.2 M]m—” Re(C3) [-1.1,48]107% Im(c3) [-1.3,4.7]107°
Re(C}) [-0.3,1.2]107" Im(C3) [-0.3,1.2]107"° Re(C5) [-0.3,1.3]110°% Im(C3) [-0.7,1.2]1073

A>1800 TeV@95% prob Aumrv>14 TeV@95% prob.

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

- when scalar operators are allowed, the NP
scale is easily pushed beyond the LHC reach

SuperB: typically 3 x present bounds
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