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** Beauty and charm of flavour physics

(and strangeness too0)
** Physics at Belle IT: selected topics
** Belle IT & the others: overlap & complementarity



Flavour physics confronts NP searches

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

100 2 Myme  10° 107

’i{é/?//%///%/;/{{//// w M. » /I\GUT AIPIank £ (G%V)

v
%
2 44,41 4 "/

The quantum stabilization of the weak scale
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Going BSM with flavour physics: why?

Indirect searches look for new physics through
virtual effects of new particles in loops

* SM FCNCs and CPV occur at the loop level (NS

* SM FV and CPV are governed by the weak
inferactions and suppressed by small mixing angles <&

* SM quark CPV comes from a single source (heglecting Oqp)

New Physics does not necessarily share the SM pattern of
FV and CPV: very large NP effects are possible

Past (SM) successes anticipating heavy flavours:
1970: charm from K° = p'u (GIM)

1973: 3™ generation from ex (Kobayashi & Maskawa)
mid 80s+: heavy top from semileptonic decays & Am,
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Going BSM with flavour physics: why now?

* next-generation flavour experiments will be able
to improve the experimental precision/
sensitivity by almost one order of magnitude

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

* several NP-sensitive observables not limited by
systematics or theoretical uncertainties

Overall, the NP sensitivity extends to (i) the TeV

region for SM-like flavour violation and to (ii) 10-
100 TeV or even more in less constrained cases
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For example: lower bound on the NP
scale from AF=2 transitions (TeV @95%)

A (TeV) K B

FC~1 5x105  3.5x10* 3.3x10° 880
FC~SM 113 8.5 21 27
E::L FC"’I Em’f FC"’SM
G G Cl "6 ¢ ¢ ¢ g
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LHC already scratched the surface of
the TeV region

LQ1(gj) x2
LQ1(ef)+LQT (v))
LQ2(uj) x2
LQ2(uj)+LQ2(vj)
G5 2 Leptoquarks
LQ3(Tb) x2
LQ3(tt) x2
LQ3(vt) x2
Single LQ1 (A=1)
Single LQ2 (A=1)
0 1 3

2 4 TeV

0 1 2
j+MET, vector DM=100 GeV, \
(s j+MET, axial-vector DM=100 GeV, A
RS1(yy), k=0.1 RS Gravitons j+MET, scalar DM=100 GeV, A Dark Matt
RS1 (ee,p;_;_), k=0.1 y+MET, vector DM=100 GeV, A ar atter
RS1 (JJ;, t=g:: y+MET, axial-vector DM=100 GeV, A
0 1 2

stopped gluino (cloud)

stopped stop (cloud)

HSCP gluino (cloud)

HSCP stop (cloud)

q=2/3e HSCP

g=3e HSCP

chargino, ctau>100ns, AMSB
neutralino, ctau=25cm, ECAL time

Long-Lived
Particles

3 4 TeV

RS1(WW—4j), 1+MET, £=+1, SI/SD DM=100 GeV, A
2 I+MET, £=-1, SI/SD DM=100 GeV, A
I+MET, £=0, SI/SD DM=100 GeV, A

CMS Prel%min1ary

SSM Z'(11)

3 4 TeV

SSM Z'(jj) ADD (y+MET), nED=4, MD
i ADD (j+MET), nED=4, MD

SSM Z.(bb) ADD (ee,pp), nED=4, MS

SEM Z'(ee)+Z'(py) ADD (yy). nED=4, MS
SSM W'(jj) ADD (j), nED=4, MS

QBH, nED=4, MD=4 TeV

Large Extra
Dimensions

Marco Ciuchini

SSM W'(lv)
SSM W'(WZ—Ivll)
SSM W'(WZ—4))

coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2

Excited
Fermions

Multijet
Resonances

NR BH, nED=4, MD=4 TeV
QBH (jj), nED=4, MD=4 TeV
Jet Extinction Scale

String Scale (jj)

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HhnCM
single p, A Hh\CM
inclusive jets, A+
inclusive jets, A-

CMS Exotica Physics Group Summary — Moriond, 2015
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ATLAS SUSY Searches*

Status: Feb 2015
Model

&1, T,y Jets EN™ [ranm]

- 95% CL Lower Limits

Mass limit

ATLAS Preliminary

\Vs=7,8TeV
Reference

MSUGRA/CMSSM

a7 —qt1

iy, G—4¥) (compressed) 1y
_— _=0

88, §—qaX, 0

28, §—qaXT —gqW*K, Ten
88, 2-qq(Le/tvp )Xy 2e.n
GMSB (Z NLSP) 127+401¢
GGM (bino NLSP) 2y
GGM (wino NLSP) Teu+y
GGM (higgsino-bino NLSP) Y
GGM (higgsino NLSP) 2e,u(Z)
Gravitino LSP 0

Inclusive Searches

2-6 jets
2-6 jets
0-1 jet
2-6 jets
3-6 jets
0-3 jets
0-2 jets

1b
0-3 jets
mono-jet

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

20.3
20.3
20.3
20.3
20
20

850 GeV

250 GeV

F'2 scale

865 GeV

1.33 TeV
1.2Tev
1.32 TeV
1.6 TeV
1.28 TeV

T
m(g)=m(g)
m(E))=0 GeV, m(1* gen. G)=m(2" gen. §)
m(g)-m(e}) =
m(¥))=0 GeV
m(¥})<300 GeV, m(¥*)=0.5(m(¥})+m(z))
m(¥})=0 GeV
tang >20
m(¥})>50 GeV
m(¥})>50 GeV
m(¥}))>220 GeV
m(NLSP)>200 GeV

m(G)>1.8 x 107* eV, m(g)=m(3)=1.5TeV

1405.7875
1405.7875
1411.1559
1405.7875
1501.03555
1501.03555
1407.0603
ATLAS-CONF-2014-001
ATLAS-CONF-2012-144
1211.1167
ATLAS-CONF-2012-152
1502.01518

0

0
0-1e,u
0-1e,u

3™ gen.
2 med.

3b
7-10 jets

3b

3b

Yes
Yes
Yes
Yes

1.25 TeV

1.1 TevV

1.34 TeV
1.3 Tev

<400 GeV
<350 GeV
<400 GeV

m(e))
m)
m(1)
m(¥})<300 GeV

1407.0600
1308.1841
1407.0600
1407.0600

0
2e,u(SS)
1-2e,pu
2e,u
0-1e,u

Sh O SN

B —>be1 or Y

L0 —>t/\/1

tl —>CX1
(natural GMSB)
9 2, fz—>f] +Z

it B! U S |

2e,u(Z
Be,u(Z

(9]
=<
IS
S
o
(%]
=
@
[S))
=
o

direct production

)
)

l

~

2b
0-3b
1-2b
0-2 jets
1-2b

1b
1b

Yes

Yes
Yes
Yes

0 mono-jet/c-tag Yes

100-620 GeV
275-440 GeV
~ 230-460 GeV
215-530 GeV
210-640 GeV
90-240 GeV
150-580 GeV
290-600 GeV

m(¥})<90 GeV
m(Ei)=2 m(})

m(¥r) = 2m(¥}), m(¥))=55 GeV
?) GeV

m(Xl) 1GeV

m(7,)-m(¥])<85 GeV
m(¥})>150 GeV
m(¥))<200 GeV

1308.2631
1404.2500
1209.2102, 1407.0583
1403.4853, 1412.4742
1407.0583,1406.1122
1407.0608
1403.5222
1403.5222

EL,RZL.R, E—?f)?(l) 2 el
XXT, X —vew) 2e,pu
/?1/\71_ X =#v(rv) 27
TES SV, EVELEG) e,
070 2-3e,u
e’ ””y
4e,u

X1X2—>WX1 hX] . h—)bE/WW/TT/yy
WoX3, Xys vt

0
0
0
0-2 jets
0-2b
0

90-325 GeV
140-465 GeV
100-350 GeV

[

SN s s
el

420 GeV
250 GeV
620 GeV

700 GeV

m(¥})=0 GeV
m(¥})=0 GeV, m(Z, #)=0.5(m(¥5)+m(¥}))
m(£})=0 GeV, m(z, 7)=0.5(m(¥; )+m(¥}))

mT)=m(¥2), m(¥)=0, m(Z, »)=0.5(m(¥7)+m(¥}))

m(¥F)=m(¥3), m(¥})=0, sleptons decoupled
m(¥})=m(¥3), m(¥})=0, sleptons decoupled

m(E3)=m(¥3), m(¥1)=0, m(Z, 7)=0.5(m(¥3)+m(¥1))

1403.5294
1403.5294
1407.0350
1402.7029
1403.5294, 1402.7029
1501.07110
1405.5086

Direct ¥1X] prod., long-lived X7  Disapp. trk
Stable, stopped g R-hadron 0
Stable g R-hadron trk
GMSB, stable 7, ¥] >#(, fiy+1(e. 1) 1-2 K1
GMSB, ¥ =G, long-lived £} 2y

G4, ¥ —qqu (RPV) 1, displ. vix

Long-lived
particles

1 jet
1-5 jets

270 GeV

832 GeV

537 GeV
435 GeV

1.27 TeV

1.0 TeV

m¥E)-m(E))=160 MeV, 7(¥)=0.2 ns
m(#))=100 GeV, 10 us<7(3)<1000 s

10<tanB<50

2<7(¥})<3 ns, SPS8 model
1.5 <cr<156 mm, BR(u)=1, m(¥})=108 GeV

1310.3675
1310.6584
1411.6795
1411.6795
1409.5542
ATLAS-CONF-2013-092

LFV pp—vy, + X, ¥, —e +
LFV pp—v, + X, V. —e(w) + T
Bilinear RPV CMSSM
/?ffl_,/\?;rew/??,/??ﬁeeflﬂ,eﬂﬁe depu
K, W ) 1, em9,  Be+T
8—qqq 0
g—iht, fij—bs 2e,u (SS)

2e,
leu+t
2e,1(SS)

0-3b
6-7 jets
0-3b

750 GeV

450 GeV

916 GeV

850 GeV

1.35TeV

24,,=0.10, 2;3,=0.05
25,2010, 21(2)33=0.05

m(g)=m(g), ctLsp<1 mm
mE))>0.2xm(¥), A121#0
mE))>0.2xm(¥7), A133#0
BR(1)=BR(b)=BR(c)=0%

12121272
1212.1272
1404.2500
1405.5086
1405.5086
ATLAS-CONF-2013-091
1404.250

Other Scalar charm, é—ck! 0

Marco Ciuchini

2c¢

v_ =8TeV
full data

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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m(¥})<200 GeV

Mass scale [TeV]

1501.01325
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How much “"natural” is Nature?

Direct &
indirect
searches

Indirect
searches

illustration by G. Villadoro
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Higgs pole mass M), in GeV

Buttazzo et al, 1307.3536

What does Higgs
have to say?

* unfortunately we do not
drop the cliff, staying on
the edge does not help!

* Interesting (althoug model-
dependent) information

Marco Ciuchini

Higgs mass my, in GeV

160
150
140 |

130 |

120

110
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Higgs pole mass Mj, in GeV

Predicted range for the Higgs mass

tanfs = 50 Split SUSY

- ﬂ_ﬁéamemally favored ]

Degrassi et al, 1205.6497

10* 106 108 10" 1012 10 10'6 10'8

Supersymmetry breaking scale in GeV
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Players on the flavour playground
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What Belle IT cannot do

Golden modes of other flavor experiments

Observable Current value|| Experiment Precision
BR(B. — pup) (x107?) < X LHCb +1
2.8 06 LHCb upgrade +0.3
23, from BY — J/v¥¢ (rad) O3 £ 0X9° LHCb 0.019
0.010+0.039 || LHCb upgrade 0.006 2|
S in B, — o¢v LHCb 0.07
LHCb upgrade 0.02
K™ = 77vw (% BR measurement) 7 events NA62 100 events (10%)
K]} — mvo KOTO 3 events (observe)
BR(p — evy) (x1071%) < 2X05.7 MEG <X 05
Rie <7x10™8® ||COMET/Mu2E| <6x 107"
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based on arXiv:1109.5028

Marco Ciuchini

Belle IT golden channels

Observable/mode Current LHCb /5;(/ Belle II WLHCb upgrade theory
now (2017) (2021) (10 years of now
(2011) 5fbh ! / 50ab™! unning) 50fb~"
T — puy (x1077) < 44 / < 5.0
T — ey (x1077) <33 < 3.7 (est.)
T = L0 (x10717) < 150 — 270 < 244 K72 % < 10 <24’
of bins
BR(B — 7v) (x107%) 1.64 +0.34 0.04 1.1+£0.2
BR(B — uv) (x107°%) <1.0 0.03 0.47 £ 0.08
BR(B — K*"vp) (x107°) < 80 2.0 6.8+1.1
BR(B — KTvw) (x107°) < 160 0 1.6 3.6 0.5
BR(B — Xv) (x107%) 3.55 +0.26 0 0.13 0.23 3.1540.23
Acp(B = X(arayy) 0.060 + 0.060 040 0.02 ~ 1077
B — K*utu~ (events) 250¢ 3000 ﬂ/// 7-10k 100,000 -
BR(B — K*utpu™) (x107°) 1.15+0.16 0 0.07 1.19 £ 0.39
B — K ete™ (events) 165 400 7-10k 5,000 -
BR(B — K*eTe™) (x107°) 1.09 £ 0.17 0.07 1.19 £+ 0.39
App(B — K*T17) 0.27 +0.14° ! 0.03 —0.089 + 0.020
B — X 14 (events) 280 7,000 -
BR(B — X T{7) (x107%)7 || 3.66 +£0.77" 0.10 1.59 + 0.11
Sin B — Kin"y —0.15 £ 0.20 0.03 -0.1 to 0.1
Sin B — K" 0.59 £ 0.07 0.02 £0.015
Sin B — ¢K" 0.56 £ 0.17 0.15 0.03 0.03 +0.02
W vssys
BR(B? — vv) (x107°) <87 0.2-0.3 04 - 1.0
AL (x1079%) —7.87+1.96 " 7 I///// 5. (est.) 0.02 £+ 0.01
Vo
x (0.63 £ 0.20% [ 0.06% 0.04% 0.02% ~ 107%F
Y (0.75 £ 0.12)% | 0.03% 0.03% 0.01% 1072 (see above).
Yop (1.11+0.22)%|§ 0.05% 0.05% 0.01% 1072 (see above).
lg/p| (091 £0.17T)% [ 10% 3.0% 3% 10~ (see above).
arg{q/p} (°) —-10.2+£9.2 5.6 1.4 2.0 10~? (see above).
Other p ’M% ays
sin® fw at /s = 10.58 GeV/c? H W ! clean

3" Meeting Belle II Italia — LNF — May 21, 2015
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Belle IT golden channels
t flavor violation

7 Decays
T — puy (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 LHChb Belle 11 g LHCDL upgrade theory
now (2017) (2021) (10 years of OW
Hfb 50ab”" Rrunning) 50fb~"
T — ey (x1077) < 44 < 5.0
T — ey (x107) < 33 < 3.7 (est.)
T — PF (107 < 150 — 270 ||< 244 ° < 10 <24 "
BR(B — X (107) (x107%)7 || 3.66 +0.77" 0.08 0.10 1.5940.11
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) <87 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% ~ 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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t flavour violation - .

{
ﬂl_.
- = C BaBar
E [ ® Belle
= 5 LHCb upgrade (est)
'é = = Bellell (est.)
2 F
i L o %% 0 o 4
: 00 o o © 0 ®0 O~ A . -
N T el o D o Qe P . @ Harnik, Kopp, Zupan, arXiv:1209.1397
=T E o0 o] L L o] T =
S Lo o 5 o o0 & ® ¢ 0° e CMS preliminary 19.7 fb”", \s =8 TeV
0" o 0'9 oo o 8 o % @° LN 1
" e% @ ® (™ O T
-8 .. a. A - ‘:"L
10 E ..................................................................................................................................... & .......................................................... t
— Fi)
10-9 E_ ...................................................................................................... o
~m
1010 L el
LTI e S ST S N LSRR R
‘Leaezex 0 @3 gh o= s g o FH O EE ww

Est. sensitivities: 4x10° (uy), 1x10° (3n)

Null test of the SM >

10 10° 102 10" 1

Strong model-dependent competitors: ATLAS/CMS Vi
MEG: BR(p — ey) < 5.7x1083 @907%CL — 5x10-** (upgrade)
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Belle IT golden channels

/

FCNC & CPV in Bd/u decays

T

Observable /mode Current LHCh Belle 11 LHCh upgrade theory
now (2017) (2021) (10 vears of OW
5fh! / 50ab™'  Running) 50 b
BY i Decsys
BR(E — 7v) (= lﬂ_li 1.64 4+ 0.34 (0.0 1.1 +0.2
BR(B — uv) (x107%) < 1.0 0.03 0.47 + 0.08
BR(B — K™ v@) (x107"%) < &0 2.0 6.8 4 1.1
BR(B — KTu) (x107%) < 160 1.6 3.6 + 0.5
BR(B — X.v) (x107%) 3.55 & 0.26 // 0.13 0.23 3.15 + 0.23
Acp(B = Xirm™) 0.060 & 0.060 ///nz 0.02 ~ 1076
B = K*ut ™ (events) 2X0° 900 | =000 0/ 7-10k 100,000 -
BR(B — K*utu~) (x107%) || D5+ 0X6 ,,/},?//, 0.07 1.19 =+ (.39
B — K"e7e™ (events) 165 400 4 T-10k 2,000 -
BR(B — K*eTe ) (x107%) 1.09 + 0.17 i 0.07 1.19 + 0.39
Arp(B — K™ i7) X7 + 0.X41° ! %}% 0.03 —0.089 + 0.020
B — X, T¢ (events) 280 '.w, 7.000 -
BR(B — X 717 (=107%) 3.66 £ 0.77" 'é (.10 159 £ 0.11
Sin B — Kir's —0.15 £ 0.20 % (.03 -0.1 to 0.1
Sin B = ' K" 0.59 + 0.07 ‘f/¢ (.02 +0.015
Sin B — oK"Y 0.56 + 0.17 (.15 % 0003 (.03 +0.02
Other processes Decays
sin® Ow at /5 = 10.58 GeV/c?| | | 00002 | 0] | clean
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B physics: Rare decays

0.5

An example: B — £* v

- decay rate modified by
charged Higgs boson
exchange

0 0.5 1 15 2
BR(B—1v)[10™]

%’ 0.002|- i Combined UTriz

c L BZ Exclusive

[} L . summer13

o | K Inclusive

L 52505¢5¢52

8002~ 0.003 0004  0.005
~2c discrepancy Vil
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understand what's going on in B — DOty

BaBar Collaboration, arXiv:1303.0571

Simplest realizations of =

2HDM cannot explain the o
excess in the two channels & ;f
simoultaneously
02 04 0.6
R(D

c +26 ) +2.40
s O R(D)exp = 0.440 £ 0.072  R(D*)exp = 0.332 = 0.030
g,, R(D)sm = 0.297 £ 0.017 R(D*)sm = 0.252 + 0.003

04

3.4 excess

* needs to break the relation

IIIIIIIIIIIlIIIIIIIIlIIIIIIl

0.4
g \/i oc M; Celis et al., arXiv:1210.8443
s * can be explained by new
02 interactions involving ts
0 1

tanﬁ/mHJr (Gev_l) Only see e.g. Biancofiore et al., arXiv:1302.1042

Marco Ciuchini 3" Meeting Belle II Italia — LNF — May 21, 2015 Page 17



B physics: B - K*e £

MC, Fedele, Franco, Paul, Silvestrini, Valli, in preparation

LHCb claims Ps' to be 3.7c : - ?Ic;lbal f: (hr=0)
. ull prediction (h, =
off for 4.3 < q°< 8.7 GeV> preciclion =)

<+  LHCb 3 b 'data

Factorized formulae cannot e [ ’ TRECIARY

fully reproduce the data: |

a fit shows that P5' can be —

addressed but deviations 22c - h

are present in the other 0 é K : s i
angular coefficients

+ constraints on the FFs o/}
Bin q2 [G€V2/C4] A-FB FL S3 S4 S5 S7 Ss Sg L
(0.1, 0.98] 16) 02 -09 06 —12 1
[1.1,2.5] 01 —-06 —-09 —0.6 —0.8 ( ) =
2.5, 4] -06 07 08 —11 —0.1 02 —0.8
[4, 6] —-1.3 @ 1.8 —1.0 0.3 —0.2 1.8 —0.4
6, 8] ~14 £16) 14 €23 02 -07 -1.2 -04
1.1, 6] 12 £15) (16) -1.2 —01 €15 06 —06

05 0.6 07 OB 09 1.0 14 12 13
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Non-factorizable terms
may be important:

partly estimated in
Kodjamirian et al.,

70

ha =R + AV g? + h(z)

arXiv:1006.4945 ~ 10

' PRELIMINARY
] OO OO OUSOUUUUUOOS SOPPOOOPSOSOPRSNUNURUY NOPOOOOOOOPROOO OOOOUOOUNNUOUUUSORTOPOROSPRPOUTUOOUUENS: SOUUTOTOPRTPRIOT S S

MC, Fedele, Franco, Paul, Silvestrini, Valli, in preparation

—
T

=  SusyFit global fit |-
4+ LHCb 3 fb 'data

0.5}

-1

0 2 4 6 8 10

BSM sensitivity could be hindered by  ¢*[GeV?/c’]
hadronic uncertainties. Inclusive B—-Xg pu'p

may help shedding light on this issue

Bin q2 [G€V2/64] AFB FL S3 S4

S5 S7 Ss SQ

0.1,0.98] 1.7) 01 -02 0.6
1.1,2.5] —02 -04 —09 —0.6

[
[
[2.5, 4] —08 14 06 —1.1
4, 6] —08 -05 13 —1.2
[
[

4
6, 8] 01 01 05 @
1

1,6 -1.0 01 10 -1.3

08 02 09 -1
0.1 @ 09 ~1.3
03 04 01 —08

03 -02 (15) -04

13 -04 -13 04
0.1 —09 02 —06

05 06 07 OB 09 10 1.1 12 13
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Belle IT can also contribute competitive exclusive and
inclusive measurements of b — s e‘e” to help clarifying the

issue of lepton universality recently challenged by LHCb

s AL[BT— KT p™]
> dg

Tmin dg? 0.090
B = 2. dU[BY = Ktete] | 0.74570 074 (stat) = 0.036 (syst)
qxz:::x dqQ dq LHCb Collaboration, arXiv:1406.6482
—— [ HCb —=—BaBar ——DBelle
M 2_ L L L L L L L L L L L L '_
R¢*"=1.0003 + 0.0001 = - LHCb -
Bobeth et al., arXiv:0709.4174 -
1.5_— l —
2 .60 deviation from the SM [
- SM
It may be correlated to —t+
large LFV in B decays O-F ]
b_>sei+ej- O:. PR [T T RN TN NN TN SN TR TN NN THN SUN TN T NN "
Glashow et al., arXiv:1411.0565 0 5 10 15 20

q* [GeV?/c4]
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B physics: B—K vy

SuperB Workshop VI, arXiv:0810.1312

Altmannshofer et al, arXiv:0902.0160

— IIII|IIII|IIII|IIII|IIII|II
w

=

Y

—SM

_ VICIP +1CkF 04
(CH™™] o

. —Re(CYCY")
ICLP? +|CRI?

]

——

——

I
10

20

30

40

50

1
~w @ © o ©

BR(B*—> K*vv)[x10°

—SM

—

-

affected by models with Z',

—
_|_|_|_|_|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

U""|'"'|""|'"'|""|'"'l""l""l""l"" =1 co v b P b By

o

10

Marco Ciuchini

20

Integrated Luminosity[ab™]

40

RH currents and light scalars
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Belle IT golden channels
CPV in D mixing

7 Decays
T — puy (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 — v) (x10~%) | reatosa | | 005 | o004 | [ 1.1+0.2
Observable /mode Current LHCh Belle 11 LHCb upgrade theory
now (2017) (2021) (10 vears of now
5fhT 50ab™" Jrunning) 50 b~
x (0.4120.15)% || 0-06% /V 0.04% 0.02% ~ 1072 F
y (063i008)% (0.03% . 0.03% 0.01% ~ 107% (see above).
Yyor - (0.02% 0.05% 0.01% ~ 1077 (see above).
lg /| 0.934+0.09 8.5% 3.0% 3% ~ 107% (see above).
arg{qg/p} (%) -949 4.4 / 1.4 2.0 ~ 107" (see above).
BI_E,’ Decays
BR(B? — vv) (x107°) <87 0.3 0.2-0.3 0.4 - 1.0
A%, (x1073) 787196 | 4, 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% ~ 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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Precision CKM measurement

Observable /mode Current LHCb ; Belle 11 LHCb upgrade theory
now (2017) (2021)  J(10 years of running)] now
5tb-' | 75ab ' | 50ab”! 50 b
« from uud 6.1° 57 1° ’ 1 —2°
3 from ces (S) 0.9° (0.024)10.5° (0.008) 0.3° (0.007) 0.2° (0.003) clean
S from By — J /¢’ 0.21 0.021 (est.) clean
S from B — J/WVK? ? ? clean
v from B — DK 11° ~ 4° 1.5° 0.9° clean
|Vew| (inclusive) % 1.7 ‘ 0.6 (est.) dominant
V.| (exclusive) % 2.2 *' 1.2 (est.) dominant
Vs (inclusive) % 4.4 / 3.0 dominant
V| (exclusive) % 7.0 48‘ 5.0 dominant

based on arXiv:1109.5028
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V, @ LHCb

Great result from the B decay of the A baryon

- lattice results for baryon MEs less mature
- long-standing disagreement with inclusive

results still pending
_ ) LHCb prehmmary
P Ve e Inclusive NP
udu
\ ) ‘1__ ,4'
.ﬁ“lvudl y xclusive
) w
/ LHCb ———
ddd
Ldb 0.0025 0.003 0.0035 0.004 0.0045 0.005
Ag LHCb-PAPER-2015-013 qub
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CKM matrix at 1%

End of next-gen expertiments

Today

; “the dream”
Am,
i
ﬂ\\ -

|=0.6F =06
L d L
s A,
0.5 0.5
0.4f 0.4F
0.3F & 0.3F &
0.2} 0.2
0.1F 0.1F
oF of
5/ UTfit
|

| | | |

037 0 o1 02 03 04 05 06 31

Generalized UTpfi’rs:

CKM at 1% in the p 0.159:0.045

presence of NPl 1

- good place to look for % NP
- crucial for many NP searches
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|= 0.6
0.5}

0.4}

0.2f

0.1}

0.3f

C ‘.'I‘ Bn{s_m)j] \M Of II|I || m
T R T R R R R S v Ty
P p
today future =[ /
+0.008
0.363+0.049 +0.010 i

-1 -0.5 ﬁ
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NP parameters

— 20 5 20:
:_05315;— UTf,'t in AB:Z e_mvm:
1of o amplitudes 1of
: NP fit
oi— + 0
'102‘ From 1D projections: :
15(- O'(CBd) ~ (.17 — 0.03 5
R T

0 02 04 06 08 1 12 1.

C

Tttt o (dp,) ~ 3.2° — 0.7° 6

moderate
future

NP fit

02 04 06 08 1 12 14 16 18 2

C

B,

Bd
— 20 20
C|>_| . CLI :
PRl UTrit o 18
E Summeri4
10 10
d NP fit
5F 5
oF + 0
o q B
10F From 1D projections: 40
-155— O'(CBS> ~ 0.08 — 0.03 -155
205 b4 08 he T Ta 4 e T2

Marco Ciuchini

C

B,

moderate
future

NP fit

o(¢p,) = 2.1° — 0.6° 2o5-pzpaoetg-trzrirers

C

Bs
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Conclusions

* there is a rich physics program waiting for
Belle IT to start taking data

* the interest of this program stays high
whatever the result of direct searches will be

* as time goes by and data sample increases,
LHCb starts entering domains which belonged
traditionally to e*e” machines; yet several
key measurements (inclusive modes, neutrals,
open kinematics) remain Belle IT domain only

* The impressive work at LHCb is producing new
puzzles/tensions for Belle IT to elucidate

Marco Ciuchini 3" Meeting Belle II Italia — LNF — May 21, 2015 Page 27



Spare
Slides
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h B(J /vy K), y(DK), a(nm)*, NP insensitive or null
no theory lepton FV and UV, S(p°%) tests of the SM or SM

improvements|  cpy in B->Xy, D and © decays already known with the
needed zero of FB asymmetry B->X,l|'I required accuracy

improved  [meson mixing, B->D(*)Iv, B->n(p)lv target error: ~1-2%
lattice QCD B->K*y, B->py,B->lv, 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 Aw 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 transitions




tFV in the Littlest Higgs model with

T-parity

ratio LHT | MSSM (dipole) | MSSM (Higgs)
S04 23 ~ 101077 ~1-1072
B i) 104,23 | ~ 2107 0.06...0.1
B“L@ii}” 03...16| ~2-1073 0.02...0.04
Br —wee) 103...1.6| ~1-102 ~1-1072
A 1.3...1.7 ~5 0.3...05
st —iti) |19 16| ~ 02 -
i) 112, 1 |

BR(t—tt)/BR(t—1ty)
IS not suppressed
by &, inLHT

M. Blanke et al. arXiv:0906.5454

LFV is a powerful

Br(T—puppy)

tool to disentangle
e.g. LHT and MSSM

Marco Ciuchini
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1w = r

1[]—9 =

1072 1078

f = 500 GeV

Br(r—puy)
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- AR ()
C W KB (k)
sor | I K% ()

T
-
e

5,

@

T,

Yo

a0z

1T 1T 1T T 17 T 17T | 1T T 1T 1T T 1T 177
] Kx= (x",y”)
— 1-5 ¢ fit contours

v b o ey Ly

004

Yo

o002

0
=002 [ ooz
Xn
T T I T T T T I.-. T T T I . T T

- W KR iy L] K=" ) 1

- Il KR () — 1-5 g fit confowrs A

BN o S ATy ] .
aEE —

Marco Ciuchini

Charm mixing

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

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
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MSSM: flavour violation in

the squark sector

LHCb, SuperB
)LL (Af2)Lr (Af3)rr (Af3)Lr \
(Afs)rR (Af3)RL (Afs)rR
(AS)LL (A%3)LR
(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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BR(B econstucts Determination of (8%:).r

oo using SuperB data

reconstruction of i) sensitive fo m; < 20 TeV

d - itt/4
(523)x=0.028 e™" for ii) sensitive to |(8%;)k| > 1072
A:mg= ma= 1 TeV for m; < 1 TeV
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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:

Oy = Vig ~0.01  §LE =V ~0.05 these figures
ﬁ M2 are in the
L ballpark of
,_ - ﬁ M SuperB
R Kl sensitivities
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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

{¥b=ervable fmode chareed Hizges|MEFY NP non-MEFY NP MNF in Rizht-handed || LHT HUUSY
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 - Kav'-
Sin other penguin nodes # o w CHMI
AoVl = X 7]
BR(E = X.%)

HRIE = X000

B — K" (FB Asym)

Charm mixing
CPV in Charm

Marco Ciuchini
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R-S models
- flavour in extra-dim. is

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

10 Fag

—257 M. Bla

TN

nke et al., 0809.1073

Marco Ciuchini

0

| IO.IlI o
Sipo

0.2
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M 95% CLDO
- — 50 LHCb

B(B; » pp”) [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: © - Ly (dipole) | (Higgs)
BT‘(T_—>E_E+E_) —2 —2
VS T — _eee E"_T(T_im}r - 0.04...0.4|~ 1-10 ~ 1-10
: : Brir i kit ) 10.04...0.4|~ 2-107°| 0.06...0.1
- semileptonic Ry -
. S k) 10.04...0.3|~ 21077 [0.02...0.04
asymmetr|es BT‘(T__}P'*_E—FE_) 0 04 0 3 ~ 1 . 10—2 ~ 1 . 10—2
BT(T—H_L‘):E : e
Br(t— —e eTe ) -~
.- Br ity | 0820 5 | 0.3...05
Br(r— —p— )
BT(T_—}‘[:L_F;_FS_) 0.7...1.6 ~ (.2 H5...10
u.u-;:-
B oL Recently:
0 05 = |ar'ge and

e o002 |

—0.04|

|.I. Bigi et al., 0904.1545
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correlated CPV
effects in D mixing
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