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The relevance of B, decays

Test the flavor sector of the SM

Single source of CP violation in
charged weak currents

Suppressions due to hierarchy of
CKM elements

Suppression of flavor-changing
neutral currents (FCNC, loop only)

Suppression of chirality flips due to
small quark masses
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For a review of CP Violation, see talk by Stephane Monteil
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The relevance of B, decays

New physics might not respect the many suppressions y

of the SM : H j\v<z—)

e Search for physics beyond SM in the “quantum” way: . b/ met s -
BT wu U

increase luminosity and look for indirect effects due to
virtual particles

 complementary to the “relativistic” way: increase
energy and look for direct production of new particles

* Experimental reach (with significant simplifying assumptions)

proton decay

> - - >
neutrino properties - .
mu to e
———— - -
S RN nirect searches probe
dark matter higher mass scales! (from Z. Ligeti)
S
Tevatron ? —~ é
5 = 5
e 4 S Y M 4
5 7 9 11 13 15 17 Log(E) in GeV
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Outline

* The experimental facilities

* Radiative, electroweak and “Higgs” penguins
* Tree decays with T leptons

* Conclusion
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Experiments and data samples

Magnet RICH2
3

7| /IRICH]
TT

SPD/PS

Integrated luminosity vs time > 1 ab!

T T

|—K!;KB —!PEP-{II

On resonance :
Y(5S): 121 fb?
Y(4S): 711 b !

Y(3S): 3!
Y(2S): 25 ™
Y(1S): 6 b?

Off reson./scan:
~100 !

~550 fb™!

-
/o

On resonance:
Y(4S): 433 b !
Y(3S):30 tb!

/4
4//

Y(2S): 14 b
Off resonance:
~54 fb*

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1

LHCDb Integrated Luminosity pp collisions 2010-2012

Delivered in 2012 (4 TeV): 2.209 /fb
Recorded in 2012 (4 TeV): 2.082 /fb
Recorded in 2011 (3.5 TeV): 1.107 /fb
Recorded in 2010 (3.5 TeV): 0.038 /fb

Integrated Luminosity (1/fb)
»

1_6 E ...............
14
12

=
0.8
06} :
= Recorded integrated luminosity:
i = ; 1fb' @ 7TeV (2011)
02 o -1

2 M ‘ | 2 fb @ 8TeV (2012)
O Gioa 0105 3105 3006 30007 2008 28009 28110 271 2712
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Very different energies and rates

{B BABAR/Belle ete- 10.58 424+711 1.2 10° ~10°9 0.25
% LHCb pp 7000 (8000) 1.0 (2.0) 2 1012 ~10™M ~0.005
e‘e: initial state with well defined energy-momentum and quantum numbers

simple events: exclusive 2-body or low multiplicity production

full event reconstruction: B_tag and B_signal: full PID, 71— Yy detection
missing mass — neutrino reconstruction!

pp: very high rates, all flavor mesons and baryons produced,
high BG requires selective trigger, restricted acceptance
long decay paths, precision charged particle tracking, PID

complex events, normalization, relative rates! Many innovative techniques!

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing



25m

Large radius solenoid
Excellent tracking
Synchronous track trigger

L

TeVatron

VS e =7-8 TeV

Lyc ™ 25 /fb /exp

Toroid magnets

Muon chambers Solenoid magnet

2013

Semiconductor tracker

LAr electromagnetic calorimeters
Transition radiation fracker

LAr hadronic end-cap and
forward calorimeters

Tracker
ECAL
HCAL
Muons

C. Bozzi - PIC201 Solenoeid soil

VSTeVatron =2 TeV
~ 10 /fb /exp

TRACKING SYSTEM

polarities)
highl

3 ECAL76K scintillating
21.6 m PbWO, crystals

HCAL Scintillator/brass
sandwich

4T Solenoid

Pixels & Tracker

- Pixels (100x150 pm?)

~1m?
66M channels

-Silicon Microstrips

MUON BARREL
Drift Tubes (DT) and

~210 m?
9.6M channels

Resistive Plate Chambers (RPC

segmented hadron calorimeter

CALORIMETRY

Large muon coverage |n|<2
Strong B field (possibility of switching

CMS

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

MUON
ENDCAPS
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Br, vy polarization Angular distributions
4G,
Hy ==—7VV, ELC (W0,(1) +C/()0}(w)]
Left- hant'zled part Rligg'ér'é??eof. Rart rt
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Branching ratios

,2  Tree
-6,8 Gluon penguin
Photon penguin
,10 EW penguin
(P) (Pseudo)scalar penguin

([T
C/J\O\lw'\.

o~ N, e,

O, ~5,b, I/
O, ~5,b,lyl
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B2>X.y

The inclusive decay has been precisely
measured at B Factories

Br(b = sy) = (3.43 £0.22) x 10

in agreement with the SM prediction

Broy(b > sy) = (3.15 £ 0.23) x 10

One of the strongest constraint in MISSM.

Given the Higgs mass, only O(%) of the a-
priory phase space left!

Many exclusive modes studied as well

At hadron colliders, measure exclusive
decays to keep background at
manageable level

LHCb performed first measurements in
the B, system

Candidates / 25 MeV/c?

Candidates / 50 MeV/c?

691 + 36

Br(B.> ¢y)=(3.5+0.4) % 10

events
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Photon polarization in B*2> Kty

* In SM, emitted photons are predominantly left-handed R 0.
° i p2 A:"
Measure up-down asymmetry in K. ..= Kzt decays L \ . .
) n=pix pz //4___,"—;. p1
~ ~ 5 3 = — pit
e fol dcos Qﬁ — ffl dcosH% _ §)\ fds dsqi3 dsgzIm i (I x T )] IA, P3 o
! f_ll dcosé% 47" de dsiz dsqs| T |? (aj
For a single intermediate resonance, A is p— er|* — Jev]? 7
proportional to the photon polarization T er)? A+ e
LHCB-CONF-2013-009
First measurement on a mixture of K resonances RSN L : E
> 2000 —— Signal 3
_ 2 b 0000 A Comb. |3
Aua = —0.085 1 0.019 (stat) & 0.004 (syst)| 2 o o1l Missingal
: . 2 _ — . —. Partally [3
 Evidence for photon polarization in £ 1o reco bkg
=00 =
b—>sy decays at 4.60 - ch 3
* Difficult interpretation due to multiple 800 =
resonances. If theoretical prediction 600 , ~8000 events 3
. . 400 . - —
existed, first measurement of A, would 200 s 2fb E

3. | PR | il
M(Knrey) [MeV/c?]

be possible
* Also, 1%t measurement of CP asymmetry

_ +0.012
ACP o 0007 :t 0015 (Stat)_o'()ll (SySt) 4500 5000 5500 6000 I6500

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 10

h © w o
1 1 T -
- - .s'
R
o
- - 3
i i i
0"
i i K
- - -
- -1 -
1 Lil -




The B> K*%utu™ decay

* B-2>K*uu is described by 3 angles and di-

: o \ "
M
muon invariant mass squared g2 \ \ Ok

* Number of free parameters can be reduced
by folding the ¢ angle (if $<0, dp=¢+m ):

3 [ 9 |3
1 &C+I) 9 _(1@in29K+FLc0329K
['dcos@,dcosfxdp 32w [4

1
+ Z(l — F1) sin? Oy cos 20, — Fy, cos® Oy cos 26,

~ 4
@n2 Ok sin® Oy cos 2¢ + in2 O cosl,
+ 20k sin 20, sin & in2 Ok sin® 0, sin 2¢ ]

forward-backward
asymmetry

I:L

fraction of K0
Tongitudinally polarized
S3

asymmetry in K+0
transverse polarization
Ao

T-odd CP

Observables in blue are functions of Wilson coefficients and

form factors. They depend on g?

A zero crossing point precisely predicted in SM: g- = (4.367°2)GeV?* / ¢’

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing
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B> K*utu™ is a hot topic!
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plots by P.Jussel
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* Alot of other channels being studied as well, e.g.
B,~>K*%*e", B*>K*u*w , B.>ouw , A, > Autu, ..
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arXiv:1304.6325

BO% K*OM-I_M_ : reSU|tS 1 fb-1, ~900 events, 6 g2 bins

4
Theoretically cleaner observables (reduced form factor _ % 253
uncertainties) can be calculated from the existing ones (1 — FL)

Theory from Bobeth-Hiller-Van Dyk (2011), consistent with Matias et al (2013)

‘dB/dq 107 Gev?| 1 o I —4 i¥
1 170 o AT ]
: 0.6_ - J
o.sj_E | h— 0'4_ _
: 1% LHCb !
O L L L L L L L L L L L L L L L L 0 N N N L M L M
1 T T 1 T T | T L | 1 v | i
s o LHCb
051 1 o2 E
oE g — # F —— ]
Theory WM Binned -0'2: 4» '
+LHCb : ' . 1 1 ] ]
'10”";3 10 ...1|5..2..20 10 ”157”";20
q° [GeV</c] g2 [GeV?/cY]

Good agreement with SM predictions

g, =(49+09)GeV?/c*

First measurement of A.; zero crossing point :

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 13



B> K*%u*tu™: new observables

* QObservables with limited dependence on form-factors

Good
agreement
for some
observables

some local
discrepancies
for others

SM predictions from

J. Matias et al, arXiv:

1303.5794.

Jaeger et al., JHEP
05 43 (2013), quote
larger uncertainties

Sept. 6th, 2013

SM Predictions LHCb B
- oa preliminary |

-0.8—

-1

15 ) 20
¢ [GeVZ/cH
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IR arxiv:1308.1707

uncertainty at low g? have been proposed by several theorists
» Different set of observables give different constraints = complementarity!

Global analysis, Descotes--Genon et al. (arXiv:
1307.5683): large New Physics contribution
to the Wilson coefficient of the O4 operator

Il 683%C.L
[ 955%CL
[ 99.7% CL

2 - i1 Includes Low Recoil data "

Only [1,6] bins

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

"

No definitive conclusion. More data

and theoretical studies needed
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B—2>h Il decays

Cabibbo-suppressed version of B->h_ll, rate a factor ~25 lower

B*>m*utw observed at 5.20 in LHCb

b
=

—_
Ly

ey
=

Candidates / (20 MeV/c?)
LA

5000

| ﬁi'ﬁéb (1 o)

25.3 J_rgjz events

5500

JHEP 12 125 (2012)

Be-orrn

B Combinatorial

1

6000
M [MeV/c2]

B —rpw ]

B‘+K+u'u'_:

Part. reco.

NN NN

i

6500

Upper limits by Babar

Mode

B(10-%)

Upper limit (10%)

BT 3 ntete™
BY - 7lete™

BY — nete

BT s ntutu~

4.3155+2.0

1.2755 +£0.2
—4.053%° £ 0.6
—0.6744+0.9

12.5

on
on

BY 5 nOutp~ | —0.3733+£06
B s nputyu~ —2.0737+04 11.2
B — meTe” 40157 £1.6 11.0
— 4.1
B - mutp —0.7741 1 1.2

| BT & rtetem

1.6135 +1.2

BY — 7%+¢~ | 05738 +03
B — mlte 1.6752+1.0
B s qpete- | —28785+0.3

Best Limits to date
First ever limits

Cn | O[O | O | O
[l B C o e T (e

Br(B" = a'u'u)=

(2406

+0.2

stat syst

)yx107°

Sept. 6th, 2013

SM expected rates (excluding charmonium):

B(BY - nt¢te™) = (1.96-3.30) x 1078
B(B® = nfte7) = (2.5-3.7) x 1078

arXiv:1303:6010, acc. by PRD

Aliev & Savci, PRD 60, 014005 (1999)
Erkol & Turan, Eur. Phys. Jour. C 28, 243 (2003)

C. Bozzi - PIC2013 - Beijing
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m
B(BYy — i) o (1—m— \c—csﬁ (o~ Ch)+2725(Go -

B

e Rarein SM: FCNC process, helicity suppressed

e Sensitive to scalar and pseudoscalar NP contributions

* Precise SM prediction [Buras et al., 2012]

* Time-integrated Br [Bruyn et al., 2012], with y, and A, from HFAG:

BBY— utu~) E (3.56 £ 0.30) x 107°

BB — putp~) & (1.07£0.10) x 10710

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing
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B2 utu: analysis strategy

* Huge combinatorial background
* Partially reconstructed decays and
particle mis-ID

B?s) N thh/— BS_> K*,LL-I-V“ BO’+—> 7T0,+:U“+,UJ_
No — pp— vy, B — 7T7,LL+I/M Bj — J/@b(,u,u),uﬂ/p,

Signal to background discrimination:
* Loose event selection
* classification in the plane m , x BDT
based on geometry and kinematics
* Background PDFs obtained with data
driven methods
* BF measurement: simultaneous fittom
in BDT bins (LHCb) or categories (CMS)

2
My, - [MeV/c?]

e, S e e’
t et

R DR T Al AR
° Upper ||m|ts ClLs 0 2 04 0.6 0.8 BDT]
777 ]Bgsignal F777B,signal
~===region  =-=-=region

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 17



B 2utu:

B (o))
o o

w
o

N
o
LI L o

IIII|III.I|I

—_
o

results

arXiv:1307.5025, subm. to PRL

CMS-L=5fb"{s=7TeV,L=20fb" {s=8TeV

—— data
— full PDF

+

B—uw

t

EEE B =utw
----- combinatorial bkg
----- semileptonic bkg

-.== peaking bkg

m,, (GeV)

S
arXiv:1307.5024, acc. by PRL BDT>0.7 3
o ]6 = I T T T T T T T ’ T = g
= - B — mru*v By — h'h” . 2
7 144 B,— Ky'v  Beou'p E P
S - B0+ mo*yuy Bl—ptu ] I=
-+ 120 Total — 2
L RE 3 fb—l _ I-J;
~ 10 T 4 o
W +—
I3 - ] S
5 sp ER
= C 4 - =

) - ]
S 6= — o)
o | = b
dp- ~ 7]

2E =

() .

5000
0
Br(B, = u
Br(B, — u

Sept. 6th, 2013

< 7.4%x10710 3t 95% CL
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30 "9x10° 430
3.5 2Hx10™° 200
< 1.1x107 95%CL
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BY 2 utu: implications

Weighed B Average (not Likelihood Combination)

Significance
BB— upu=) = (29+0.7)x10 > bo
0 +,—) LHC +1.6 —10
BB°— pu ™) = (3.677,) x 10 > 30
_ SM _
BBY— utp~™) = (3.56+£0.30) x 107°
_ SM _
B(B— utp™) = (1.0740.10) x 10710
- From D. Straub, arXiv:1205.6094
CT o MFV: Minimal Flavour Violation models
o SM4: SM with a fourth generation
—, ! RSc: Randall-Sundrum model with custodial protection
1.5 t MSSM-LL [Blanke et al., 2009]
T MSSM: Minimal SUSY flavour models
3 AC: AgaShe and Carone [Agashe and Carone, 2003]
+ ! RVV2: Ross, Velasco-Sevilla and Vives
3 10 | [Ross et al., 2004]
s AKM10: Antusch, King and Malinsky
T [Antusch et al., 2008]
o LL11: left-handed currents only [Hail & Murayama, 1995]
~ 05
m L

O‘RSCI ‘IOI ‘I “ZOI II I30I II I40
1o B(B® — ptp~) [10-9]

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 19



(semi) leptonic decays with T leptons

* B —>7tvandB - D(*)tv are tree level decays mediated by a W in SM
* Lepton universality in SM, might be broken by mass-dependent couplings

- Probe SM extensions to models with enlarged Higgs sector, e.g. 2-Higgs
Doublet Model (2HDM) of MSSM

G%TRB 9 77112 y ( 2 mQB:I:)
- (D)= ' - — rn |1 —tan® f——
/ | B(B (~v) e 1—- ) B m

| ] | J

Based on average of incl. and excl V,, f; from Na et al., 2012

2 D Decays involving T have additional helicity amplitude
Contribution from H* expected to enhance rates for B - D(*)tv
— Test SM by measuring ratios (theoretically and experimentally cleaner)
/ vV _ — %
W- (H-) _ ﬁ’ R(D) = I“(li — D1v) R(D*) _ F(E — D*‘L’V)
B I'(B — D¢v) I'(B—D tv)
Vv
< ) Sk R(D)=0297+0.017 R(D*)=0.252 £ 0.003

D( ) Based on S. Fajfer, J. Kamenik, I. Nisandzic, PRD 85, 094025 (2012)

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 20



(semi) leptonic decays with taus

* Due to the presence of at least two neutrinos in the final state, B Factories
offer the most favorable experimental environment
BB events are fully reconstructed

— One B decay is fully reconstructed
(hadronic or semileptonic tag)

— Look for signal decay of 2" B meson K*, K°
* Discriminating variables 1*,1“)‘
X
B =21V E_.., distributions B 2D 1y Squared missing mass
g .lﬂl]— a = Signal
:?_.'\ F = Normalization
f £ D=5l
Eeyira: SUM O B
calorimeter < 200p Comb. + Cont.
energy not 100F
associated with :
signal or tag " 0 5 10
2 \ 2
mm — (pe+e- - thEE — Pp» — pl)

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 21



results

PRL 110, 131801 (2013)

120" Belle

>
oo g
8. -
2 :
> - 2 4o =___ background
. ) C
E 300¢ - Data & 20, __--signal (3.00)
E s — Background 037 s AP bmamsmrebenoendd
S 250¢ - - - Fit to Signal 0 02 04 06 08
N; - Ecc, (GeV)
202[][]1 — Excess of events
- atlow E_ ;:
150: T
: 5
100¢ = I }
- o }
>
Lo v v b i [ R T NN SO T M N R | T - SRR S 3
% 02 04 06 08 B e
Ee:tra [GEV] mlss (GeV2/c )
62.1 + 17.3 events, 426 fb! 62. 3‘*_3‘1’ %events 711 bl

|Br(Be Tv)=[1.83% +0.24]x10™

Sept. 6th, 2013

Br(B—tv)=[0.72521+0.11]x10™*
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B*—2>t*Vv: interpretation

B(B~ —("v)=
L) B

Gimp m? 2 5 | — tan2 g"BE 123i
— l—m f3Va*8 M,

) | |

|
SM

Experiment Tag Branching Fraction (x107%)

BABAR hadronic 1. 83+8 45}3 +0.24
BABAR semileptonic [9] 1.74£0.840.2
Belle hadronic 0. 72i8 ;; +0.11
Belle semileptonic [11] 154105002

Sept. 6th, 2013

New average |B(B—tv)= (1 A5+ 0.23) 107
SM BB —tv)=(1.01+0.29)x 10-4

BB —t'v) (104

8_
- Type-ll 2HDM constraints
6—
L Inclusive [Vub|
- 2012 BaBar BF Exclusive |Vub|
218
o1 02 03

tan B/m__ (GeV™)

|
Charged Higgs

C. Bozzi - PIC2013 - Beijing

Fit to CKM parameters without

B(B>1v) and sin2 B constraints

0.30 X0

0.25

0.20 |-

-3 p-val ue1 0
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W- (H-) //V
B—>D*)hrv decays 5 O

- A simple tree process, form factors measured for B — D)/,
decays involving T have additional helicity amplitude

« non-SM contribution from H* expected to enhance or suppress rates for B — DUty
« Test SM prediction by measurement of ratios:

n n * Leptonic t
I'(B—=D * I'(B—=D P
(_ V) R(D )= (_ *TV) decays only
I'(B — D/v) I'(B—=D (v)

R(D) =

Several experimental and theoretical uncertainties cancel in the ratio!

« BB events are fully reconstructed (3 v in final state! )
— hadronic B tag

— DMe* or u*: No additional charged particles, E_ . _<0.5GeV (no cut)
— Background suppression by BDT (combinatorial BG and D**/v)
Signal extraction by unbinned M.L. fit, fully 2-dimensional: M? . VS p*0n (€%,U%)
DO, D™, D*l, D™, (e* or u*)

4 DU)llv control samples to assess D** |v backgrounds

extra

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 24



B—>D*)lrv: fit results
10smz_ <120 GeV?

150] DO o DO
100} - Fit results, combined using
of 1001 Isospin relations:
ok A o L e v* B->DTtTvV
: I + 10<sm?, <120Ge '
" oo D i Nqgna 489 + 63
> % > R(D) 0.440 + 0.058
= = syst. error + 0.042
g 20 3
. 2z
: o B—-D*tvVv
60 Niignal 888 + 63
40 R(D*) 0.332 + 0.024
20f syst. error + 0.018
ot BD*tv |
40f- .DC'V
[ B D*]v  Fittedyields
20 B Div
[ _ B D**]y |
0 5 - --Bkg. Fixed yield
m?_ . (GeV?) p* (GeV)

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing 25



Results and implications on type-Il 2HDM
R(D) = { el 200

0.297 +0.017 SM
Combination of R(D)
} 2. 70

0.332 £ 0.030 BaBar
0.252 £ 0.003 SM

and R(D*) excludes
SM at 3.4¢

R(D") = {

A charged Higgs (2HDM type II) of p2EDM _ prsm (4 tan?/3 q? A
spin 0 coupling to the T will only ot ‘ m2. 1F me/mp )
affect scalar helicity amplitude - for DTV + for D*TV

From the estimated effect of on the signal,
the type Il 2HDM can be excluded in the
full tanp - my parameter space at >99.8%,

provided m,;>15 GeV.

Earlier Belle measurements confirm this trend.
Unpublished deviations from SM of Belle
results presented at FPCP 2013 (A. Bozek)

R(D*)30()"R(D)14o' ' 11016 Otsllll

Waiting for final results from Belle to confirm!

tanpg/m, (1/GeV) e

Sept. 6th, 2013 C. Bozzi - PIC2013 - Beijing



arXiv:1303.0571 (2013)

Limits on type-llIl 2HDM

* Type-ll 2HDM corresponds to a special case

* More general models exist, for instance type-Ill HDM,
— e.g. Crivellin et al, arXiv:1206.2634(2012); Datta et al, PRD 86, 034027(2012)

Hog :ZLGL\/%/C’) {(57“ PLb) (Fy* Pruy) —I—@(EPLb) (TPrv;) —I—@EPRZ)) (7PLI/T)}

S, (S;) parameterize complex couplings of left- (right-) handed quarks
* Impact on R(D*) R(D) = R(D)sm + ApRe(Sr + Sr) + Bp|Sr + S|
R(D*) = R(D*)sm + Ap-Re(Sr — S1) + Bp«|Sr — Sp|?

* Type-Il 2HDM is recovered if S, = —m,m_tan’B/m?,,., S, = 0.

T T T T T T T T T T

Type 11 i lBABAR Favored at 1 == Type-llz

* 4 solutions for real H| Preliminary Io Ro 13 St ST 55,
SeS; values. . 1 % SMvalue

* Complex values alo @ | |
allowed + 0 | X Measured
n | 1 value for R(D)
solutions! s T | | ] S§,+5, =-151
6 44 2 0 2

PR TS
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Adding info from g? distributions

Dilepton squared invariant mass g? is sensitive to Higgs couplings to quarks

SM
S£S,=0

L %% 15.1/14,p = 36.9%
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T T
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arXiv:1303.0571 (2013)

At S, £ S, ~-1.5, p-value for R(D) is 0.4%
— Exclusion with significance of at least 2.90
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Conclusion

* Band B, decays are great probes to search for new physics effects
induced by virtual particles in tree and loop diagrams

* New physics has not been discovered, however there are intriguing
“tensions”
— Angular analysis of K*uu
— Isospin analysis of Kuu (not discussed)
— B>DMhy
* These should be followed up by collecting more data, analyzing other
decay modes and performing more accurate theoretical studies
* B Factories and hadron colliders nicely complement each other

— Experiments at the B Factories have nearly completed measurements on
their final samples

— LHCb is now the major driver in many channels

— ATLAS and CMS can give substantial contributions in very rare decays with
muons

— Belle-Il will enter into the game on a longer time scale
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flavour physics at the LHC

* Large acceptance 2<n<5

* Low trigger thresholds
* Precise vertexing

* Efficient particle identification

LHCDb

Forward spectrometer optimised for heavy

* Running at a constant luminosity of
4x1032 cm2s1, <u>~1.7, 4x design

Recorded integrated luminosity:

1fo' @ 7TeV (2011)
2 fb' @ 8TeV (2012)

LHCb Integrated Luminosity pp collisions 2010-2012

. Delivered in 2012 (4 TeV): 2.209 /fb

2}t . Recorded in 2012 (4 TeV): 2.082 /fb
Recorded in 2011 (3.5 TeV): 1.107 /fb

Integrated Luminosity (1/fb)
»

Recorded In 2010 (3.5 TeV): 0038 b rciannitnasna it R T

- i
P |

L R dinlad P | Lo
01/04 01/05 31/05 30/06

1 ] '
30/07
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b
doesn't occur

0 —
_
0, b
i HCAL
ECAL 4 M5
SPD/PS M3 M4 ¥

RICH2 My
3

Large boost (B mesons flight ~1cm)
Huge production cross section (~300ub)
Small S/B ratio
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B % X 'Y F.; HFAG

S . Jun 2013
* The inclusive decay has been & —jeto
precisely measured at B Factories o —— BABAR

—— New Avg.

BR(b—>sy) = (3.43+0.22) x 104 =
in agreement with the SM prediction e """’I@m
BR,,(b>sy) = (3.15+0.23) x 104 _n
 Known as one of the strongest  —— B
constraint in MSSM. Together with e i
the Higgs mass measurement, only O |_ = ="

(%) of the a-priory phase space left!
 Many exclusive modes studied as well

K5 (1780)

K5 (1780)~y

K+m 7t~ (N.R.)E

K+t pQy 8§

* At hadron colliders, measure ~———
exclusive decays to keep background —a - ¥
at manageable level . T o
* LHCb performed first measurements = e
in the B, system; now starting T
measuring photon polarization p -~

———— Y

———— sy

{ s~ with baryons X1/10

K3 (1780)°%~

BR(B,~> ®y)= (3.5 + 0.4) x 105 S

]
0.0 40.0

i ' 6
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B> K*uu: new observables

Observables with limited dependence on form-factors

uncertainty have been proposed by several theorists

Good
agreement

for some
observables

L LA AL AL DL N R B R N B B B R BN R B R |
E':_ SM Predictior LHCb 7
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0.2 -1

0+ ________________ —_—
0.2— -1
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R _+_ + i
-0.8— -1

- M B B 1 1
0 5 10 15

20
q? [GeVZcY]

Different set of observables give different constraints = complementarity!
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SM predictions from J. Matias et al, arXiv:1303.5794
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Sept. é&rgfoﬁew Physics contribution to the Wilson Cc%efﬁcl

0zz1

Descotes--Genon et al. (arXiv:1307.5683)

%n&(éﬁgh%eu?ngperator

Il 683%CL
[ 95.5% CL
[] 99.7% CL
i~ Includes Low Recoil data

Only [1,6] bins
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B2>hvv

PRD 87,111103 (2013) 772 BB
1 10p

B 5K w

L

Events/0.1 GeV

00 0.2 04 06 0.8 1.0 1.2
Egc_ [GeV]

N. _—1.7717(stat) & 1.5(syst)
sig

> 257
m A + 4 =
- 20 Bon'vv
S | 2.60
2 15}
§ |
W 1of
o
8o 04 06 0.8 1.0 1.2
EecL [GeV]

N . =15.277-2(stat) £ 1.4(syst)
sig
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B> K%vv

i Il [ Il Il
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Erc, [GeV]

N . =—2.371%2(stat) 4 0.9(syst)

sig

Events/0.1 GeV

N
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i
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8 B'»nlvv
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of WLy

<L
4_
3
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1
g

OELLE

=== E
.0 0.2 04 0.6 08 1.0 1.2

Egc [GeV]
ng.E)j?'_S (stat) & 0.6(syst)

x107
" e X
. . \
BF Upper Limit | Previous
Mode 90%CL Belle/BaBar
Bt o Ktup < 5.5 1.3
BD — K_Syfj < 9.7 5.6 (XO.S)
BT — K*"vp 8
B° - K*%p 12
BT > w v 10
B® = %5 22
Bt = ptup <213 15
B s Oy 44
BG — Qf)l}lj < 12.7 5.8

Best Limits to date

B—>K*vv limits within factor of ~5 of
SM predictions (0.7-1.3x107)

Uniquely at B Factories!

Predict measurement with ~20%
precision at Belle Il with 50ab!
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Type Il 2HDM: compare with direct
searches @ LHC

tanff —m,, BABAR exclusion plot

B—-D®tvandB 2>tV
searches at B factories are

% 50 Excl. at complementary to direct
- searches at LHC in
LB t > bH"

| L L L | L L L | L L L
600 800 1000 l ™V

tanf3 —
probed at LHC
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