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** the flavor landscape at the time of SuperB
** SuperB confronts other flavor experiments
** the impact of SuperB: illustrative examples
** conclusions and outlook



The SuperB physics case in 1 slide

- 75 ab™? data sample collected at Y(4S) in b years
- can be operated at lower energies (e.g. ¥(3770))
- the electron beam can be polarized (~80%)

- several NP-sensitive observables in B, D and T
physics not limited by systematic or th. errors

- enough NP-insensitive observables to pin down
the SM contribution with the required precision

- access the NP flavor structure at the TeV scale
- unique probe of NP in the multi-TeV region up to
hundreds TeV (with caveats of indirect searches)
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F.A.Q. on SuperB "physics”

* Which are the SuperB competitors (besides
the obvious one) ? What do they compete on ?

* What will be the landscape of flavor physics and
the status of NP at the SuperB starting time ?

* What will remain of the SuperB physics program
after the completion of today's experiments,
both at the energy and intensity fronteers?

and so on...
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Answering these FAQs involves several delicate issues,
yet it can be attempted once rules are clearly spelled out:
- of ficial schedules are used when available
- preliminary sensitivity studies are trusted
(unless they are patently unreasonable)
- some guesswork is inevitably involved
- open issues are present and sometimes crucial

INFN/AE_11/1, LAL-11-200, SLAC-R-14548, MZ-TH/11-25

The impact of SuperB on flavour physics
July 1, 2011

Abstract

This report provides a succinet summary of the physics programme of SuperB, and describes that potential
in the context of experiments making measurements in favour physics over the next 10 to 20 years. Detailed
comparisons are made with Belle IT and LHCb, the other B physics experiments that will run in this decade.
SuperD3 will play a crucial role in defining the landscape of flavour physics over the next 20 years.

arXiv:1109.5028v2 [hep-ex] 19 Oct 2011
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The timeline of flavor physics

Experimental Flavour Landscape: 2011 - 2030
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Dates that matter are when full samples are collected
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What SuperB cannot do™

Golden modes of other flavor experiments

Observable Current value|| Experiment Precision
BR(B. — pup) (x1077) < X LHCb +1
4.5 LHCb upgrade +0.3
23, from BY — J/v¥¢ (rad) 0X3 + 0.)0° LHCb 0.019
0.002 0.038 || LHCb upgrade 0.006
Sin B, — ¢y * LHCb 0.07
LHCb upgrade 0.02
KT — 77vw (% BR measurement) 7 events NA62 100 events (10%)
K]} — mvo KOTO 3 events (observe)
BR(p — evy) (x1071%) < 2% 240 MEG <1
Rie <7x107'* |COMET/Mu2E| < 6x 107"

* with competitive performances
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Marco Ciuchini

[
H Mod Observable B Factories (2 ab™') S B (75 ab™!
super!B thS'cs GPX|V-0709.0451, 08101312’ ode servable actories ( .a ) SuperB (75 ab™")
DY - K*K~  yop 2-3 % 1079 5x 1074
M 1, bl 1008.1541 D’ — K*a= 2-3 x 107° 7 x 1074
IN Tabies r? 1-2 x 10~ 3 x 105
D 04— 5_: -3 . -1
Observable B factories (2 ab™ ') Super B (75 ab ™) Char'm D" — Ksmrn™ yp 2310 _ 7% 10
sin(28) (J /v K7) 0.018 0.005 (1) . Ip 23 x 107 5 x 107
cos(28) (7 /v K*7) 0.30 0.03 ph Average 12 x 107 3% 10~
sin(23) (Dh") 0.10 0.02 YS'CS . w o 4 . i
cas(23) (Dh") 0.20 0.04 Tp 23x10 5 x10
::: Eg—i’ﬂ_t]} E: i:: 333 Channel Sensitivity
.2 03 e
S(aKO) 0.13 D" —etem, DY — ptp” 1x107° T thSlCS
S(n'K") 0.0% : DY — wOete, DY —s 7Ot 9 % 10-8 —
S{K;.;.K:;.K‘:: 0.15 : P N . Process Sensitivity
S(K0%) 015 DY — pete, DV — nputp~ 3 % 10° . =
:Eﬂ;‘;?] 01 D° — K%%e~, D° — K%*pu~ 3 x 107 B(r —pn)  2x10
bt o o P _8 Bt — e~y 2 x 10-*
v (B — DK, D — OF eigenstates) N D rmreten, D TOHH 1 x 10 '}]
¥ :::E — DK, D — suppressed stat,c:s;]} v 12:' B{T — L I{.I} 2 x ].D_l(]
v (B — DK, D — multibody states o 0, .+, F _8 ) —10
1 {8 — DK, combined) o G D TEH 1 x 10 B{T - EEE} 2x10
.1 + gt ¥ —B _
a :::B . ﬁwj} . lf‘; D T ei,u 1 %10 B{T . ‘LLT?} 4w 10 10
a (B — pp ~ T DY — qle* F 2% 108 .
a (B — pr) 129 . . ':i N B(r — en) G x 10—
a (combined) v G 2 DY — ne*p 3 % 10 B{ EK[)] 9w 10_1(]
184y (D=7, DERURT) 20° 5 D" — Kle*pu® 3 % 1078 T i -
|View| (exclusive) 4% (+) 0% + T FC thSlCS (CPV, 000 )
|View| (inclusive) 1% () S _ . _
Vo exctod 5 () o ToTtusonnes o L EWPphysies
[ Vel (inclusive) 8% [#) 0% D+ — ﬁ_;6+#+. D+ j{—’u_+#+ 1 % 10-%
s~ o N T s
BR(B — ) visible
BR(B — Drw) 10% Mode Observable  1°(45) 1 (3770) LHCb
BR(E — pv) 15% (75 ab™") (300 ™) (10 b7
BR(B — wy) 30% - D K*tx™ ' 3 x 107° 6 x 107° s B .
Acp(B — K*5) 0.007 (1) 0.004 (1 +) ; o i —4 uper' - a
. - Y 7T x 10 9 x 10
Aep(B — pv) ~ 0.20 0.05 & ol sl e "
Aop(b — sv) 0.012 (1) 0.004 (1) D"— K*K yor 5 x10 <107 “tpreasure chest
Appib = (a4 div) 0.03 0.006 () D’ Kinta~ T 4.9 x 107* S
S(K979+) 0.13 0.02 (+) ” R R % of new
S{p"~) possible 0.10 _3
lop(B — K*e8) Y% 1% A hvsics
Aoe - i : ; ne -
_{FE{B — .F{"ff}ﬂ(] 5% 9% {3 O) DUEO ch 2 (1 OJ 10__ p y
AFB(B . X.86)aq 35% 5% v3770) — z” —2) x 107 ‘ T4
BR(F — KuvT) visible 0% Y (1-2) x 107° L sensitive
BR(B — mvi) possible cos 8 (0.01-0.02) . Observables
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Marco Ciuchini

SuperB “golden channels”

Observable/mode Current LHCb | SuperB Belle II | LHCb upgrade theory
now (2017) (2021) (2021) (10 years of now
5fb~" | 75ab”! 50ab™' |running) 50 fb~"

7 Decays
T — puy (x1077) < 44 <24 < 5.0
T — ey (x1077) <33 < 3.0 |< 3.7 (est.)
T — 000 (x10719) < 150 — 270 ||< 244 “|<2.3—-8.2 < 10 <24

B..q Decays

BR(B — 7v) (x107%) 1.64 + 0.34 0.05 0.04 1.14+0.2
BR(B — uv) (x107°%) < 1.0 0.02 0.03 0.47 + 0.08
BR(B — K**uvp) (x10~9) < 80 1.1 2.0 6.8+ 1.1
BR(B — KTvw) (x107°) < 160 0.7 1.6 3.6 0.5
BR(B — X.v) (x107%) 3.55 £0.26 0.11 0.13 0.23 3.15+0.23
Acp(B = X(arayy) 0.060 + 0.060 0.02 0.02 ~107°
B — K*utu~ (events) 250° 8000 10-15k? 7-10k 100,000 -
BR(B — K*utpu™) (x107°) 1.15+0.16 0.06 0.07 1.19 £ 0.39
B — K ete™ (events) 165 400 10-15k 7-10k 5,000 -
BR(B — K*eTe™) (x107°) 1.09 £ 0.17 0.05 0.07 1.19 £+ 0.39
App(B — K™ T17) 0.27 +0.14° ! 0.040 0.03 —0.089 £+ 0.020
B — X 14 (events) 280 8,600 7,000 -
BR(B — X T{7) (x107%)7 || 3.66 +£0.77" 0.08 0.10 1.59 + 0.11
Sin B — Kin'y —0.15£0.20 0.03 0.03 -0.1 to 0.1
Sin B — K" 0.59 &+ 0.07 0.01 0.02 +0.015
Sin B — ¢K" 0.56 + 0.17 0.15 0.02 0.03 0.03 +0.02

B? Decays
BR(B? — vv) (x107°) <87 0.3 0.2-0.3 04 - 1.0

2, (x1079) 787196 | 7 1. 5. (est.) 0.02 £ 0.01

D Decays
x (0.63 +£0.20% || 0.06% | 0.02% 0.04% 0.02% ~ 107%F
y (0.75+£0.12)%|| 0.03% 0.01% 0.03% 0.01% ~ 1072 (see above).
Yop (1.11+0.22)%|| 0.05% 0.03% 0.05% 0.01% ~ 1077 (see above).
lg/p| (091 £0.17)%| 10% 2.7% 3.0% 3% ~ 107? (see above).
arg{q/p} (°) —10.24+9.2 5.6 1.4 1.4 2.0 ~ 107? (see above).

Other processes Decays

sin® fw at /5 = 10.58 GeV/ ||

| 0.0002 |

I

clean
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SuperB golden channels
T physics

Marco Ciuchini

7 Decays
T — py (x1077) <44 <24 < 5.0
T — ey (x1077) <33 < 3.0 |< 3.7 (est.)
T — 000 (x1071%) <150 —270 ||< 244 “|<23-82] <10 <24
Observable /mode Current LHCbh | SuperB Belle 11 LHCb upgrade theory
now (2017) (2021) (2021) (10 years of OW
5fh™' | 75ab”t 50ab™ '  |running) 50fbh ™
T Decays
T — ey (x1077) < 44 < 2.4 < 5.0
T — ey (x107) < 33 < 3.0 < 3.7 (est.)
T — L0 (x107) < 150 — 270 244 “|< 2.3 - 8.2 < 10 < 24"
BR(B — X, (77) (x107%)7 | 3.66 +0.77" 0.08 0.10 1.50 + 0.1
Sin B — Kin'y —0.154+0.20 0.03 0.03 -0.1 to 0.1
Sin B — 'K’ 0.59 &+ 0.07 0.01 0.02 +0.015
Sin B — ¢K" 0.56 + 0.17 0.15 0.02 0.03 0.03 +0.02
B? Decays
BR(B? — vv) (x1079) < 8.7 0.3 0.2-0.3 0.4 - 1.0
A3, (x107%) —7.874+196°| 7 4, 5. (est.) 0.02 £+ 0.01
D Decays
T (0.63 £ 0.20% || 0.06% | 0.02% 0.04% 0.02% ~ 1072 H
y (0.75 £0.12)% 0.03% | 0.01% 0.03% 0.01% 10~7 (see above).
Yop (1.11 £0.22)%| 0.05% | 0.03% 0.05% 0.01% 10~ (see above).
lg/p| (091 +0.17)%| 10% 2.7% 3.0% 3% 10? (see above).
arg{q/p} (°) —10.24+9.2 5.6 1.4 1.4 2.0 107 (see above).

Other processes Decays

sin Ow at /5 = 10.58 GeV/c? |

| 0.0002 |

I

clean

Implications of LHC results for TeV-scale physics — CERN, 26 March 2012

Page 9




T flavor violation T — 17y, 3

0 — O BaB o« e
E r o Belle * negllglble BRs
o & LHCb upgrade (est.) .
lé"lﬂ E_ ................................................................................................. . SuperB {est_} ln The SM
S o o "% % %o, | *BSM b
G107 8.90%0.0 . 0 g 0o %00 %0 can be
l: 0*® e 8 O, ¢ o ¢9°*%00" substantiall
“ ?....."ini. * S '%QE - ° A Y
S — o “ e pE enhanced
- A [
10-«9 L - ;I':-'-_/
= n —e X
- m E = ~ e
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Lepton MFV GUT models complementary with MEG
Isidori, 4™ SuperB workshop

B(t— uN:B(t— ey):Bu—ey) — A A% 1 - 10*:500:1 <—LFV from CKM

B(1— puy):B(t— ey):B(u— ey) ~ [500-10]:1:1 < LFV from PMNS
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TFV in the Littlest Higgs model
with T-parity

1 _rzut_io+ _ LHT | MSSM (dipole) | MSSM (Higgs) BR(T —>fff) /BR(T —>fy)
=) o423 ~10107 ~1-102 ,

5“;;{#%“‘) 0.4...23| ~2-107° 0.06...0.1 IS not Suppr'essed
B{T;q;jgiﬂ‘3 0.3...16 | ~2-107° 0.02...0.04 by ®, in LHT

Bt —u~eTe”) . _ -2 —2

1 Eq{,ri_m, - 0.3...1.6 ~1-1072 ~1:10 109 108
pe—— L 113,17 ~5 0.3...0.5 - -

B —iitit) 112,16 ~ 0.2 f=500 GeV

Bt~ —pu~ete”) U

M. Blanke et al. arXiv:0906.5454

Br(T—puppy)

LFV is a powerful
tool to disentangle
LHT and e.g. MSSM

Br(r—puy)
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SuperB golden channels

/

Bd/Bu physics

T

Observable /mode Current LHCh | SuperB Belle 11 LHCh upgrade theory
now (2017) (2021) (2021) (10 vears of OW
5fh™" | T5ab™’ 50ab™'  |running) 50 b~
B, 4 Decays
BR(B — 7v) (x107%) 1.64 + 0.34 0.05 0.04 1.1+0.2
BR(B — uv) (x107%) < 1.0 0.02 0.03 0.47 + 0.08
BR(B — K™ v@) (x107"%) < 80 1.1 2.0 6.8 + 1.1
BR(B — KTuw) (x107") < 160 0.7 1.6 3.6+ 0.5
BR(B — X.v) (x107%) 3.55 + 0.26 0.11 0.13 0.23 3.15 + 0.23
Acp(B = Xiavayy) 0.060 + 0.060 0.02 0.02 ~ 10"
B - K u"pu~ (events) 2%0° 900 || 000 | 10-15k° 7-10k 100,000 -
BR(B = K*uTpu~) (x107%) X5 + 0X6 0.06 0.07 1.19 + 0.39
B — K*eTe™ (events) 165 400 10-15k 7-10k 5,000 -
BR(B — K%ete ) (x107") 1.09 + 0.17 0.05 0.07 1.19 + 0.39
Arp(B — K™ i1i7) 0T + 0. ! 0.040 0.03 —0.089 + 0.020
B — X, 078 (events) 280 8,600 7.000 -
BR(B — X707 (=105 || 3.66+0.77" 0.08 0.10 1.59 + 0.11
Sin B — Kir'~ —0.15 4+ 0.20 0.03 0.03 -0.1 to 0.1
Sin B — ' K" 0.59 + 0.07 0.01 0.02 +0.015
Sin B — oK" 0.56 + 0.17 0.15 0.02 0.03 0.03 +0.02

Other processes Decays
| 00002 | 0] |

sin® Ow at /5 = 10.58 GeV/c?| |
Implications of LHC results for TeV-scale physics — CERN, 26 March 2012
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B physics: Rare decays

* Example: B* - 2 v

- decay rate modified by (Hw
charged Higgs exchange

120

tan3

100

80

60

40

20

3
MH+ [TeV]
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B physics: FCNC

* Example: B — K"up
- need 75ab! to observe pseudoscalar and vector modes
- with more than 75ab! we could measure polarisation

A SUPer‘B Only PrOblem SuperB Workshop VI, arXiv:0810.1312
AP B ] “;2_'~w~~|~~|--~|~~|~_
X, 15 —SM - X, g3 —SM =
= =
> 10 — > 73 =
¥ " = -
T o 3 T s 3
-:ll 6— — 'En 43 =
B 4 } | - 5 3 3
] : 23 =
2—: n 13 {' -
0 B I co b v b v v v b vy by [ DE T L TR N Y AT N N S N |E

0 10 20 30 40 50 0 10 20 30 40 50
Integrated Luminosity[ab] Integrated Luminosity[ab ]
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* Model-independent parametrisation

_ VI +ICRP ) - —Re (C/CR")
[(C7)™M| ICY12 + |CRI?
Altmannshofer et al, arXiv:0902.0160

with 75ab™=

(Experimental uncertainties) 5

. Ll b by T
0 0.5 1 1.5 2 2.5 3

* affected by models with Z', RH currents and
light scalar particles
* together withb - syand b - s 22, allow to
disentangle NP effects in magnetic dipole & Z
penguin/box transitions
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MSSM: flavour violation in

the squark sector

LHCb, SuperB
o)A’ (Afy) LR (Afs)LL (Afs)Lr \

(Afy)rR (Af3)RL (AY3)rR

4 )LL (AR

3)RL (A rR

nn(Ap — ptan 3)

and similarly for M%

NP scale: mg

FV & CPV couplings:  (8%)ae = (A%j)as/Mg"
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Determination of (5%:).x

. 0026007 using SuperB data

reconstruction of i) sensitive to m; < 20 TeV

d - itt/4
(5°23).r=0.028 ™" for ii) sensitive to |(8%;)| > 102
/\ p mgz maz 1 TeV for' ma <1 TeV
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OVERALL SUSY ASSESSMENT

Studying correlations in flavour observables,
together with high-p; info, we can learn about:

* the SUSY-breaking mechanism
* the flavour breaking mechanism
* the underlying presence of a GUT structure

* the origin of lepton flavour violation
more information in arXiv:1008.1541, arXiv:0909.1333, and arXiv:0810.1312

Lrheervable fmode charged Higes|MFYV NP | non-MEFYV NP MNP in Right-handed||LHT HUSY
high tan & |low tan @] 23 sector | £ pengoins curren s AC |RVYV I AKM AL L) FEMSS M| GUT O A
T = I
H o= T, SRR
B K""uw
Sin B =+ Kar'4
Sin other penguin nodes # o w CHMI

AppVll = X 74
BR(# — X.%)
HRIE = X000

B — K" (FB Asym)

Charm mixing
CPV in Charm

Marco Ciuchini
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Precision CKM measurement
at SuperB

Observable /mode Current LHCb SuperB Belle 11 LHCb upgrade theory
now (2017) (2021) (2021)  |(10 years of running)| now
5fb~! 75ab”’ 50ab™! 50fb~"
a from uud 6.1° 50 1° 1° ' 1 —2°
B from cés (S) 0.9° (0.024)|0.5° (0.008)]0.1° (0.002){0.3° (0.007) 0.2° (0.003) clean
S from By — J /¢’ 0.21 0.014 0.021 (est.) clean
S from B, — J/VK? ? ? clean
~ from B — DK 11° ~ 4° 1° 1.5° 0.9° clean
|Ves| (inclusive) % 1.7 0.5% 0.6 (est.) dominant
V.| (exclusive) % 2.2 1.0% 1.2 (est.) dominant
|Vis| (inclusive) % 4.4 2.0% 3.0 dominant
V| (exclusive) % 7.0 3.0% 5.0 dominant




Overture: CKM matrix at 1%

= 0.67
0.5F
0.4

0.3F &

0.1F

02F

of

e KT

CKM at 1% in the 5 0.187+0.056

01 02 03 04 05 06

Generalized UT ?fITSI

presence of NP!
- crucial for many NP searches with

flavour (not only at SuperB!)

Marco Ciuchini

Implications of LHC results for TeV-scale physics —

with SuperB in 2022

BR(B—<v)

“the ni

0.3f | —

are”

E

‘The dreq_fpff" I:t:l.t:‘.é
" . 0:45—§
'0:6%1 0 01 02 03 04 05 06 0:6?1' ~0
P
today SuperB
+0.005
7 0.370:0.036 +0.005

01 02 03 04 05 06

p

rror budget

o\

LU

:

Ko mlvVv

4%

) y. Haisch, Kaon '07
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SuperB golden channels

Bs physics

7 Decays
T — py (x1077) <44 <24 < 5.0
T — ey (x1077) <33 < 3.0 |< 3.7 (est.)
T — 000 (x1071%) <150 —270 ||< 244 “|<23-82] <10 <24
B.,.a Decays
BR(B — 7v) (x107%) 1.64 + 0.34 0.05 0.04 1.14+0.2
TaTY I 'lﬂ—ﬁ 1 i FANraTSY FANFaYs1 Fau ..l 1 O Gy
Ohbservable /mode Current LHCh | SuperB Belle I | LHCb upgrade theory
now (2017) (2021) (2021) (10 years of oW
— - — - _ ] —1
5fh 75ab” S0ab™"  |running) 50 fh
BY Decays
BR(B, — ) (x107%) < 8.7 0.3 0.2 —-0.3 0.4 - 1.0
AL (=107 —T.87T+ 196" d 1. 5. (est.) 0.02 £ 0.01
BR(B — X (07) (x10-%)? || 3.66 +0.77" 0.08 0.10 1594 0.11
Sin B — Kin'y —0.154+0.20 0.03 0.03 -0.1 to 0.1
Sin B — 'K’ 0.59 &+ 0.07 0.01 0.02 +0.015
Sin B — ¢K" 0.56 + 0.17 0.15 0.02 0.03 0.03 +0.02
B? Decays
BR(B? — vv) (x1079) < 8.7 0.3 0.2-0.3 0.4 - 1.0
Az, (x107%) —787T+1.96 7| 7 4. 5. (est.) 0.02 + 0.01
D Decays
x (0.63 £0.20% || 0.06% | 0.02% 0.04% 0.02% ~ 1072 F
y (0.75 £0.12)% 0.03% | 0.01% 0.03% 0.01% 10~7 (see above).
Yop (1.11 £0.22)%| 0.05% | 0.03% 0.05% 0.01% 10~ (see above).
lg/p| (091 +0.17)%| 10% 2.7% 3.0% 3% 10? (see above).
arg{q/p} (°) —10.24+9.2 5.6 1.4 1.4 2.0 107 (see above).

Other processes Decays

sin® fw at /s = 10.58 GeV/c” H H

| 0.0002 |

I

clean
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B, physics
* can cleanly measure As, using 5S data

s B(Bs— Bs— X {ty)—B(Bs —» Bs — X {tv)  1—|q/p|*
b B(By — By — X~ +u) + B(By — By — X~ (+u)  1—|q/p|?

o(A%;) ~ 0.004 with a few ab™!

iggs (LTH i > SraBl |
gos Ty scenario |5 5f .*.';.M
= o
R \"-

N —15

0 0.1 0.2 0.3 = —0.5 0 0.5 1
Suws Sﬂr,jf

* SuperB can also study rare decays with rsnany neutral
particles, such as Bs — yy, which can be enhanced by NP
* Normalization for absolute BRs at LHCb(-upgrade)?
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SuperB golden channels
D physics

7 Decays
T — py (x1077) <44 <24 < 5.0
T — ey (x1077) <33 < 3.0 |< 3.7 (est.)
T — 000 (x1071%) <150 —270 ||< 244 “|<23-82] <10 <24
B.,.a Decays
BR(B — 7v) (x107%) | reatosa | | 005 | 0014 | [ 1.140.2
Observable /mode Current LHChH | SuperB Belle 11 LHCbH upgrade theory
now (2017) (2021) (2021) (10 vears of now
5fh™" | Thab™t 50ab™'  |running) 50 fb~!
D Decays
T (0,63 £ 0.20% || 0.06% 0.02% 0.04% 0.02% ~ 1Rk
Y (0.75 £ 0.12)5% ] 0.03% 0.01% 0.03% 0.01% ~ 107% {see above).
Yyor (1.11 4 0.22)% ] 0.02% 0.03% 0.05% 0.01% ~ 1077 (see above).
lg /| (0.91 + 0.17)% || 8.5% 2.7% 3.0% 3% ~ 107% (see above).
arg{qg/p} (%) —10.2 +£ 9.2 4.4 1.4 1.4 2.0 ~ 107" (see above).
BI_E,’ Decays
BR(B? — vv) (x1079) < 8.7 0.3 0.2-0.3 0.4 - 1.0
A%, (x1073) 787196 | 4, 5. (est.) 0.02 £ 0.01
D Decays
:1: (0.63 +0.20% || 0.06% | 0.02% 0.04% 0.02% ~ 1072 F
Y (0.75 £0.12)% 0.03% | 0.01% 0.03% 0.01% ~ 1077 (see above).
Yor (1.11 £0.22)%| 0.05% | 0.03% 0.05% 0.01% ~ 10772 (see above).
lg/p| (091 +0.17)%| 10% 2.7% 3.0% 3% ~ 107? (see above).
arg{q/p} (°) —10.24+9.2 5.6 1.4 1.4 2.0 ~ 107? (see above).
Other processes Decays
sin® Ow at /5 = 10.58 GeV/c?| | | 00002 | 0] | clean
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] Kx= (x",y”)
— 1-5 ¢ fit contours

Yo

v b o ey Ly

Charm mixing

004

o002

IIIIIIIII|IIIIIIIII|IIII
Ry
L Wl K ht ()
_ KT (x Py

[ [
-0.02 L ooz -0.62
XA
T T I T T T T T I.-. T T T I . T T T T

- MR i) LK=" (xp) 1

- Il KR () — 1-5 g fit confowrs |

LK ) |
ams —

Marco Ciuchini

fula

P P B + 3 3 ] =]
(Vep) ["_'Jpx;noﬁﬁ:%gum ] Fit x % 10 yx 10 'ﬁ.ﬂ'"‘rr_ 6K+r~'_ﬂ"'
} (a)  3.01755 10107750 4137570 43.8 £26.4
(b) Super 84S only f Stat.  (2.76) (1.36) (18.8) (22.4)
(b)  xrzlylD zrr+019 zre’y)]  rzetil
2 Stat (0.18) (0.11) (1.3) (2.9)
] () zzxx+0.42 zzr+0.17 zer+2.2 zez'y)
- Stat.  (0.18) (0.11) (1.3) (2.7)
(d) zzzr+0.20 zee+0.12 zre+ 1.0 zex+1.1
. Stat (0.17) (0.10) (0.9) (1.1)
Xe
B R P B R e
- WK ) K5 (i) . - W Ky K5 i) :
oL K pet) K= (f,.) ] L Kx z’,j.-"} K= (f,.) i
| — 1-5 ¢ fil comfouwrs ] s — 1-5 & fil comlouwrs ]

- (b) Super B + BES Il

(c) Super B with 500 fb' at (3770

Implications of LHC results for TeV-scale physics — CERN, 26 March 2012



SuperB golden channels
EW physics

7 Decays
T — py (x1077) <44 <24 < 5.0
T — ey (x1077) <33 < 3.0 |< 3.7 (est.)
T — 000 (x1071%) <150 —270 ||< 244 “|<23-82] <10 <24
B.,.a Decays
BR(B — 7v) (x107%) 1.64 + 0.34 0.05 0.04 1.1+0.2
BR(B — uv) (x107%) < 1.0 0.02 0.03 0.47 + 0.08
BR(B — K"t vp) (x10°9) < 80 1.1 2.0 6.8+ 1.1
BR(B — KTvw) (x107°%) < 160 0.7 1.6 3.6 0.5
BR(B — Xv) (x10 %) 3.55 +0.26 0.11 0.13 0.23 3.1540.23
Acp(B = X(ara)Y) 0.060 + 0.060 0.02 0.02 ~107°
B — K*utu~ (events) 250° 8000 10-15k? 7-10k 100,000 -
BR(B — K*u"pu™) (x107%) || 1.15+0.16 0.06 0.07 1.19 + 0.39
B — K ete™ (events) 165 400 10-15k 7-10k 5,000 -
BR(B — K*ete™) (x107°) 1.09 +0.17 0.05 0.07 1.19 + 0.39
App(B — K*0717) 0.27 + 0.14° f 0.040 0.03 —0.089 4 0.020
B — X 10 (events) 280 8,600 7,000 -
Ty T X a4 a— 41— N 1 ) Pt FaNit e 1 Fn 01
Observable /mode Current LHChH | SuperB Belle 11 LHCh upgrade theory
now (2017) (2021) (2021) (10 vears of now
5fh™" | Thab™t 50ab™'  |running) 50 fb~!
Other processes Decays
sin? Oy at /3 = 10.58 GeV/e? || | | 0.0002 : clean
Yor (1.11 £0.22)%| 0.05% | 0.03% 0.05% 0.01% ~ 10772 (see above).
lg/p| (091 +0.17)%| 10% 2.7% 3.0% 3% ~ 107? (see above).
arg{q/p} (°) —10.24+9.2 5.6 1.4 1.4 2.0 ~ 107? (see above).

Marco Ciuchini

Other processes Decays

sin® Ow at /5 = 10.58 GeV/c?|

| 0.0002 |

]

clean
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Precision ElectroWeak Test

sin?B,, can be measured with polarised e~ beam

05 Plot adapted from QWeak proposal (JLAB E02:020) * measure LR
E —— existing measurements _ Gsymme'rr'y In
| | == future measurements (anticipated uncertainty) —
0.245 ~ m—— SM (MS scheme including higher orders) — €+ € o —_ bb
curve by Jens Erler + o .
024 |- SLAC E158} JLabQ,, [p}} NuTeV . € € — CC
s - _ _
= i iCS APV 3 ete — Tt7
0235~ OQ — + +
i %) — —
Z-pole i € € — IJ' IJ'
023 semi-leptonic B
2| Z-pole leptonic | at the Y(4S) fo same
S -1 precision as SLC at
0239001 o001 01 1 10 100 1000 | the Z—pole

Q [GeV]
Similar measurements

beam polarization has to be planned/underway at

lower energies
controlled at the percent level (QWeak/MESA)
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Some Golden Modes Theory: iR e

Observable/mode Current  LHCDb (2017) SuperB (2022) LHCb upgrade | Theory
Luminosity ~ lab™" 5fh~" 75ab ! 50 fb "
7 Decays
T — 1Y - - benefit from polarised e~ beam
T — ey

B, 4 Decays
B — v, pv very precise with improved detector
B — KW+yp
Sin B — Kin’y
S (other penguin modes)
ACP (B - XSFY)
BR(B — X,v)
BR(B — X,lI)
BR(B — KWII)

statistically limited: ang. analysis with >75ab™
right handed currents

SuperB measures many more modes
systematic error is main challenge

control systematic error with data

SuperB measures e mode well, LHCb does pu

B, Decays
By — pp
(s from By — Jh) ¢
By =y

g

D Decays

Mixing parameters
CP Violation clean NP search

Precision Electroweak
sin® Oy at Y(45)

Cbeervable/mode  Current LHCb {2017) SuperXt (2022) LHCbH upgrade Theory
Luminosity ~1fb™ 5fb~! T5ab™ 50{b™

LHCb can only use pm

=

Effort fo identify = "
golden modes and 7%,
compare with other ., i

experiments Vel inclusive

|Vos| exeluaive
|Ve| exclusive

Btheory error Bd
Btheory error Bs

need an e+e—
environment to do a
precision measurement
using semi-leptonic B
decays.
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Conclusions

SuperB will redefine the flavor physics landscape
by ~2022, having the best performances on all its
golden modes, thanks to its superior luminosity and

operation flexibility. The

_HCb upgrade will be able

to improve only few SuperB results by ~2030

Yet SuperB & LHCb(-upgrade) physics programs are
largely complementary. Together with K and uFV
experiments, they allow to substantially advance
the search for NP FV & CPV in all flavor sectors
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The Cabibbo Lab
now exists
CABIBBO LAB

Laboratorio Nicola Cabibbo

http://www.cabibbolab.it < X ey
P EZ2 YA S
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Ena* Projected Performance Development
Theory errors Eos
k 10 FFlops
ee u 1 PFlops - _:_#1
p p 100 TFlopEs —-—#Sﬁu[:
I 8 10TFhkps = D
lattice QCD can reach the |: ... -l
e o . < it L Line
O(1%) precision goal on time |¢" = Som e
V. Lubicz, SuperB CDR, arXiv:0709.0451 m;::::
updated for the physics white paper
arXiv:1008.1541 09/11/2005 hatp: /v topS00_org/
Hadronic  Status 6 TFlops Status 60 TFlops 1-10 PFlops
Measurement
Parameter End 2006 (Year 2009) || End 2009 || (Year 2011) (Year 2015)
K—mxlv f“(ﬂ) 0.9 % 0.7 % 0.5 % 0.4 % < 0.1%
Ex By 1% 5% 5% 3% | %
B—lv In 14 % 3.5-4.5% 5 % 2.5-4.0 % 1.0-1.5 %
Amy fﬁﬁ..\/B_;_ﬁ 13 % 4-5 % 5 % 3-4 % 1-1.5%
Amy [ Amy & 5% 3% 2% 1.5-2 % 0.5-0.8%
B—D/D*lv f_.ﬁ%_}ﬂw# 4 % 2 % 2 % 1.2 % 0.5 %
B—rm/plv 'f”._... 11 % 3.5-6.5% 11 % 4-35 % 2-3 %
B—K*/p(y.it17) TP7K/P 139 — 13 % — 3-4 %
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B(J/w K), y(DK), a(rmm)*, NP insensitive or null

(9 Wy lepton FV and UV, S(p°%) tests of the SM or SM

Improvements|  cpy in B->Xy, D and T decays | already known with the
needed zero of FB asymmetry B->X,[*I required accuracy

improved  |meson mixing, B->D(*)Iv, B->T(p)lv target error: ~1-2%
lattice QCD B->K*y, B->py,B->Iv, Bs->pp Feasible (see below)

target error: ~1-2%
Possibly feasible with

improved B->X, v, B->Xy SuperB data getting rid
OPE+HQE of the shape function.
Detailed studies required

target error: ~2-3%
5's from TD As large and .hat.*d to improve
uncertainties on small

) corrections. FS+data can
symmetries bound the th. error
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improved
QCDF/SCET

or flavour in b -> s fransitions




An explicit example: hierarchical soft terms

Nardecchia, Giudice, Romanino, arXiv:0812.3610
Cohen, Kaplan, Nelson, hep-ph/9607394

Sparticles at the EW scale Dine, Kagan, Samuel, PLB243 (1990)
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 §'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
ot = oLbollr §ER = B SLL R sensitivities
2
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R-S models
- flavour in extra-dim. is

severely constrained
by &
- large B/Bs effect are
still possible

10 Fag

—25; M. Bla

TN

nke et al., 0809.1073

Marco Ciuchini

0

0.1
Syg
Implications of LHC results for TeV-scale physics — CERN, 26 March 2012

0.2

- W 95%CLDO
- — 50 LHCb

B(B; »p"u~) [107]

B(B- X,vv) [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: 1T - Ly (dipole) | (Higgs)
BT‘(T_—>E_E+E_) ~ 1. -2 1. —2
vs T — 009 Brir o) 0.04...0.4|~ 110 1-10
semileptonic Brlr 2u it )10.04...0.4|~2-107"] 0.06...0.1
P . Bri 2o i) 10,04...0.3|~ 2 107°]0.02.....0.04
asymmetries Briz n el e ) 10.04...03|~1-1072| ~ 1107
r(T—py
Br(t~—e eTe )
- Brr=— =i ) 0.8...20| ~5 0.3...0.5
Br(t —up B
ST 10716 | ~ 0.2 5...10
0.04
B oL Recently:
Ty s o |ar'ge and
Am correlated CPV
o effects in D mixing
|.I. Bigi et al., 0904.1545

Marco Ciuchini
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Marco Ciuchini

CPV in charm mixing

Strategy Decay

a(lgn/pol) *x 107 a(d.,)°

HFAG (direct CPV allowed):

Global = fit < All modes™> + 18 +9
Asvmmetries ag:

i < All modes™ +1.8

1lu) < All modes= +1.1

Yop KYK +3.8

' K'tg +4.9

™ K'tr +4.0

e K'r " +5.4

i Kz =" +5.0

TDDP (CPV allowed):

Model-dependent Hf?.’.' " +8.4 +3.3
BES 111 DP model Kinhth +3.7 +1.9
superd DFP model Hff.’.' Fh +2.7 +1.4
SL Asvmmetries agp:

75 ab ' at T[48) X iy +10

500 bt at (3770 K + 10}

500 bt at (3770 XLy TED

Implications of LHC results for TeV-scale physics — CERN, 26 March 2012
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