Physics at Belle 11
K. Trabelsi (E”)

karim.trabelsi@kek.jp
LAL Orsay, March 22™ 2017

De plus Belle...

(more than ever, with renewed vigor)




Belle 11, a flavour -factory,
a rich physics program...

> We plan to collect 50 ab ' of e*e” collisions at (or close to) the Y(4S)
resonance, so that we have:

— a (Super) B-factory (~1.1 x 10° BB pairs per ab™')
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— a (Super) charm factory (~1.3 x 10° cc pairs per ab‘l)

— a (Super) t factory (~1.3 x 10° t* v~ pairs per ab™")

— with Initial State Radiation, effectively scan the range [0.5 - 10] GeV
and measure the e"® light hadrons cross section very precisely

— exploit the clean e"e” environment to probe the existence of exotic
hadrons, dark photons/Higgs, light Dark Matter particles, ...



Time—dependent CP asymmetries

in decays to CP eigenstates
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Measurement of sin2g

sin(2p) = sin(2¢,) FEY
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sin2f with b=2s penguins  dominated by

B-factories
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sin2f with b=2s penguins  dominated by
o, L .\ B-factories
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y measurements from B*-» DK™

o Theoretically pristine B»DK approach
o Access y via interference between B~ » D°’K and B~ » D°K"~
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Semileptonic and leptonic
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|V, | from B->xlv at Belle 11

Toy MC studies based on Belle II MC, LOCD forecasts estimated at 5
years (5, 10 ab—!) and 10 years (50 ab—!)
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LOCD forecasts:



The Unitarity Triangle in the year 2025

NB: o with couple of degrees @ Belle II

= major updates for |V .|, sin2p, a, y

0.45

| 7T 1 045

fitter
Sce__nario 5

fitter
} Scenario 3

0.40

T T

excluded area has CL > 0.95

|< 0.35 |< 0.35

0.30 0.30
0.25 0.25
0.05 0.10 0.15 0.20 0.25 0.05 0.25



Tauonic B decays: B2tv
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= more precise measurements needed, more observables (t polarization...)



B-»> D" tv and other observables
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[Details in Watanabe et al, B2 TiP theory]
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Dashed: Belle 11
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Rare B, decays

o FCNC are strongly suppressed in fhé SM: only loops + GIM mechanism
o Any new particle generating new diagrams can change the amplitudes




Sensitivity to new physics in rare B decays

M .Ciuchini et al, arXiv:1512.07157
T .Hurth et al, arXiv:1603.00865
S.Descotes-Genon et al, arXiv:1510.04239...

NP changes short-distance C,
\ ) \ J

Y Y and/or add new long - distance ops O',
Experiment Theory

m Model-independent description in effective field theory

4GF I ¥
Het = — Vi V‘;E GO + G O;
ff NG th Vi :
Left-handed Right-handed, mﬂb suppressed

m Wilson coefficients Er-[’] encode short-distance physics, E]J';r} corr. operators

b s b—sy B—up b—sif
t CIJ[,’}' photon penguin v v

’ L CJ&F} vector coupling v
)< CJE}' axialvector coupling v v

; f

X CJE}'P (pseudo)scalar penguin v



Constraints on NP from radiative B decays

current observables

A .Paul, D.Straub,

\ — global arXiv:1608.02556
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o inclusive and exclusive branching ratios strongly constrain NP contributions
to the real part of C,
> more precise measurement of time-dependent CP asymmetry in B»>K' y
- O

o new observables from B->Knny, A,>AYy

improved measurements of the B»K" e* e angular analysis at very low q°



Constraints on NP from radiative B decays

Crhservable SM prediction

Measurement

10* = BR(B — AVE, 18GY
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A .Paul, D.Straub, arXiv:1608.02556

At Belle II, significant improvement in the
determination of A_,(t) in KJn’yexpected.

o Belle II SVD larger than Belle (6 » 11.5cm)
= 30 % more K  with vertex hits available
o Effective tagging eff. 13 % better

* Expected errors for § measurements of K. % and p%.
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o Form -factor independent observable P, =

Q.

vy

1

0.5

-0.5

Electroweak penguins b=>sl'1"

=

[arXiv:1512.04442]
SM from DHMV

® LHCb Run 1 analysis
0 Belle arXiv:1604.04042

I1'II|[III

|
|

10

g* [GeV% 4]

= 2 orders of magnitude smaller than
b->sy but rich NP search potential

Many observables:
o Branching fractions
o Isospin asymmetry (A,)
o Lepton fwd-bwd asymmetry (A.;)

O L)

= Exclusive (B>K'"1'17), Inclusive (B>X_1'1")

Ss

\/FL<1_FL)

- Tension in P, seen with 1fb™' is confirmed
o Local deviations of 2.90 and 3.00
for q° €[4.0, 6.0] and [6.0, 8.0] GeV”
o Naive combination of the two gives local
significance of 3.7 ¢



Inclusive di-lepton, B> X_1'1"
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Test of lepton umversallt

%]
=
=

[a—
=
Icl 1 T T

Candidates / { 12.5 MeV/c2 )
=
+

@}r | LHCb

f‘l Bt s ptpu-K
|

- Full ft ]
B Comb. background S

2200

2400 ab00
m{KTuu”) [MeViE)

Candidates / { 40 MeV/c2)

40 +
3[}

ED

1[}

0

3000 5200

LHC b

) !'._

| - Full Bt 4
| . -
| B Comb. background —

2400 5600
m{K*ete’) [MeV/id]

R, : ratio of branching fractions for 1<q°<6GeV?*/c*

R, = 0.745

Too7a(stat)

0.

036 (syst)

Y usmg b 2 sl'l” decays

[arXiv:1406.6482]
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most precise measurement to date is in disagreement with SM at 2.60 level

= Lepton Flavor Non-Universality ?
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= great potential also on LFV B decays, especially with one 7 in final state



cLFV:Dhb yond the Standard Model

3

Am? 5
"3t C5)
Busm (T — py) = 32 UZrUpi m_g L=Lgsp+
"W
T3 Topy Toprtr T pKK topr 1= pp®
Model Reference Ty T—uuUp  4-lepton —boy, v _ _ _ _ _
SM+ v oscillations EPJ C8 (1999) 513 10-40 10-14 dipole — Op v v v 4 - -
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plans for Dark Sector Physics

exploit the clean e"e” environment to probe the existence of
exotic hadrons, dark photons/Higgs, light Dark Matter particles, ...

1072 -

Initial State Radiation

&
e

o

#  Lepton Pair
or

. Dark Matter \ w 102
\ E

,

dark photon A' mixes with

-3
SM photon y with strength e 107

No projective cracks
in barrel calorimeter.

1 r'l'--.l.l..ll_ 1 Loonlonl

Expected sensitivity Belle Il 20 fb™ (simulation)

phase 2

107 10~ 1 10
m, (GeV)

search for a dark photon decayfﬂg invisibly, and the search
for an axion-like particle may be possible even in "Phase 2"




The case for new physics manifesting in Belle 11

Issues (addressable at a Flavour factory)

energy frontier intensity frontier - NP beyond the direct
SM NP . reach of the LHC
— NI.'I-
limited by beam energy limited by statistics

o Baryon asymmetry in cosmology
= New sources of CPV in quarks and charged leptons

o Finite neutrino masses
= Tau LFV

o Quark and Lepton flavour & mass hierarchy
= new symmetry, massive new particles, extended gauge sector

o 19 free parameters
= Extensions of SM relate some, (GUTSs)

o <+ Puzzling nature of exotic “new” QCD states

o The hidden universe (dark matter)



let's roll (-in)...






Belle 11, a flavour-factory

A rich physics program...

Studies of CPV in B decays

b->sqq: probe for new sources of CPV
constraints from the b->sy observables
Many more observables in b-»s1'1”

Search for the charged Higgs in the B=2>tv,
B - D"'tv decays

Study of D°-D° mixing
Search for CPV in D and D, decays

Studies of exotic charmonium, tetraquark,
pentaquark states

Studies of new bottomonium -like states

Search for lepton flavor violation (LFV) in T decays

o

Search for CPV and study of hadronic t decays

Light Higgs searches, DM searches...

o

o

c(e+e- - hadrons) [nb]

=0 ~
2 B's and nothing else ! B;, B
2 B mesons are created simultaneously
in a L=1 coherent state

[
Lh

5]
< [
T T

* Y(1S) ]

energy thresholij
& for BB production

—_
S
e T

)

- ]
.~

W
]

~

d Vo
b e Ferthie e,

0 L 1 | L i - L : 1

9.44 946 10.00 10.02 10.34 10.37 10.54 10.58 10.62
; 7

Mass (GeV/c™)

''on resonance'' production
e'e > Y(4S)»> BB, B'B
o(e'e” > BB)~1.1nb (~ 10° BB pairs)

e \_‘f‘<°i hadrons
e* e gE—— had
—__ hadrons

(e'e” »cc)=~1.3nb(~1.3x10°X_Y, pairs)
vt production also !



More exotic particles ?

Belle top cited papers:

1) Observation of a narrow charmonium-like state in exclusive [|1269 citations

B* — K* JAp n* « decays — PRL 91, 262001 (2016);

2) Observation of large CP violation in the neutral B meson 391

syvstem — PRL 87, 091802 (2001);

3) Observation of a resonance-like structure in the =" mass distribution

in exclusive B - K 7x®y' decays — PRL 100, 142001 (2008); 489
4) A measurement for the branching fraction of inclusive
B — X_y at Belle— PLB 511, 151 (2001); azf

5) Observation of a near-threshold w J/y mass enhancement in

exclusive B - K o JAp decays — PRL 94, 182002 (2005). 414

Many non-anticipated states have been found at Belle, whose
nature has not yet been clarified (molecules, tetraquark...)

More surprises in store for Belle II ??



History of Bottomonium-like states @ e*e”

@® Belle collected 120 fb* near Y(5S) and 5.6 fb™ near
Y(6S). Y(55)=Y(10860), Y(65)=Y(11020)

® Unexpectedly high rate to Y(nS)m*nm (n=1,2,3), x10%, at
Y(5S)

® PRL100,112001 (2008)

® o(Y(nS)nm), o(bb) vs CMS energy: "Y(55)" peaks offset by
944 MeV BB L —ﬂlﬂ-—

® PRD 82, 091106 (2010} Tw, hyx, 1 ue To

@ Bottomonium-like Zy*(10610), Z,* (10650) in 5 channels —EB _ —J—“:'"-
at Y(5S): Y(nS)rn®, hp(mP)n* (m=1,2) et

e PRL 1[}3F 122001 {2[]12} 1%Lty 1+[1+) 1[0+ 1-[1+] 1-[3+)
® Neutral Bottomonium-like Z,°(10610) to Y(nS)n” at Y(55)
e PRD 88, 052016 (2013)

® 7Z,%(10610), Z,* (10650)=>Y(nS)m* amplitude analysis Y(5S)
yields JF=1*

e PRD 91, 072003 (2015)

BB z " Wi -« 1




Bottomonium @ Y(6S) in Phase |l

® Golden modes via missing mass 7000 Y(6S) > nZ, ™ ||'- Y(3S)—>nrY(2S)
analysis in phase 2. axx '| Z,~> mth,(1P) : | H Y(3S)—>mnrY(1S)
® Y(6S)—> nZ,(mhb(nP)) Z - |I |
® Y(6S) > mZy( mY(pS)(l+l-)) 3000 | : -I l_l

® 95 modes in MC7 covering Y(6S) m l =k le *"”“*Lﬁ
analyses produced (& analysed) L D:: et N

see backup p(m) minimum p(n)

® Proof of principle plots (10 fb'! 50/50 Z}, split)

mwnin] Lk



More physics with Y(6S)

® Other possible states at Y(65) £

> P —
SN0F

2108} vom
= }

Y(6S) = W%y, Wo = nbm xom, Yp i 5§ |
106 |
Y(6S) = W0+ 11, W = noT X, Yp  ** 04 _
(]
Y(6S) = vy Xp (= w Y(1S5)) " 02r
00F v
Y(6S) = 1111 X (= w Y(1S)) g e
QCD hybrids in BB* " 95
9.45- ]
® n transitions for accessing below threshold. &%~
W, 1g, Ig 3, %, I, ', %, b, *D, 'D, 7, . % s R
110000 ] 45{}{] : : —n Y(15)
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Complementarity in the observables

o AAp = Ap(DK'KT)-Ap(Dan'n)
interpretation in terms of NP require other observables: A ,(D»n’n’), Agp(D>n"n°),

010
Acp(D2KKg), Acp(D2¢y)...
: o' [Belle, arXiv:1404.1266] [Belle, arXiv:1609.06393]

4 'l:ls

= q:_ ; 5
s 2F s 2F : 4 Ao & 4o~
2 2 | A RN
g 15f g oF = [ =2 | “
3 i £ J - S
0.5F 0.5 w L w o}
K T IS I K TR T O s 005 0155 016 Ly PP iy i b i MR e e S R
AM (GaVic?) AM (GeVic?) AM (GaViT) AM [Gavich)
0_0 01-0
Ap(D>x°x’) = (—0.03 = 0.64 + 0.10)% Ao, (D>K2KY) = (—0.02 + 1.53 + 0.17)%

o B to charmless 3-body decays...

interpretation in terms of y measurement require observables from:

experimental observables: the decay rates and direct asymmetries for B® —+ K a'n—,

i B s D T 0 o .

B - K%tx—, BY - KTK'K~ and B" -+ K°KYK", and the indirect asymmetries
0 4 - A g Vo te® 1

of B° 5 K%*n~, B® - K*K°K~ and B® — K°K°K’. With more observables

o similarly for B»Kx (B»KJxn'...), isospin analysis for ...



e’ e =2 light hadrons

+ Long standing discrepancy between theory and experiment in the (g-2),:

E821 Collaboration, PRL 92, 1618102 (2004)
(9-2) /2 = 11659208.9 (6.3) x 10™°
(9-2) /2 = 116591815 (4.9) x 10™°

_’ 1 .

- g eh . S Experiment:
H 2mc

anomalous magnetic moment

Theory:

Discrepancy:  (27.4 = 8.0) x 10"

3.50 discrepancy

* Most of the uncertainty in the theory prediction comes from the hadronic
contribution:

0 GeV,
0 Ge¥
3.1 GeV
2.0 GeV

o

L0 GeV

p p

“hadronic vacuum polarization” siZe

uncertainty
of the hadronic contribution

Phys. Rept. 447, 1-110 (2009)

= The vacuum polarization is connected
to the e*e- — hadrons through the

optical theorem;

- At the B-factories we can exploit the
initial state radiation (ISR) and the

large integrated luminosity to
effectively have a “scan” at low
invariant masses;

» Alarge number of exclusive final
states has been investigated by
BaBar;

= Due to trigger limitations, Belle
could not participate to the
campaign, but this will be an
important topic at Belle 11!

v hard

T . P

IL:"u k=FE. ,-"Irl;':tu-'nrl

cross sections, nb
<

107"

102 i ML S R




Belle (II)

LHCDb side by side

\ /7

B -factories
e'e »Y(4S)»bb

atY(4S): 2 B's (B® or B*) and
nothing else = clean events

o, ~1nb=1fb"' produces 10° BB
1/4

Gb B/ Gtotal ~

bb production cross-section ~ 5

B mesons live |

mean decay length fyct~ 200 um

data ta
11999-2010]

|Belle II from 2018]

(nearl;Luture

LHCDb
pp2>bbX

production of B, B, B_,B_, A, ...
but also a lot of other particles in the event
= lower reconstruction efficiencies

o,; much higher than at the Y(4S)

s [GeV]

Ty [nb]

o:lo,

HERA pA

42 GeV

~30

~10°8

Tevatron

2 TeV

5000

~103

LHC

8 TeV

~3x10°

~ 5x103

14 Tel

~6x10°

~-10*

YqTevatron , ~ 500,000 X BaBar/Belle !!

0p5/ 0,y Mmuch lower than at the Y(4S)

= lower trigger efficiencies

relativey long

mean decay length fyct~ 7 mm
ng period(s)
[run I: 2010-2012, run II: 2015-2018]

|[LHCDb upgrade from 2020 |



Could it be due to new physics ?

o B>nlv is a purely vector current, whereas B»>X lvis V-A

o Adding right-handed current (V+A), increases vector current
but decreases axial -vector current

A negative right-handed current
can reduce tension between those
tworesults

Decay | Vaub| % 102 ¢p dependence
B — wlp 3.23 + 0.30 1+ e€p
B — X.fv  4.39+0.21 V1+ e,
B — ti; 4.32 £+ 0.42 1—¢€r

New measurements neeeded,

[Vl x 103

|[F.Bernlochner et al, PRD 90 (2014) 094003]
8
| | I | I | I I | I | I | I

== B — X,lv |HFAG BLNP
= 7 - TV HFAG

- =—-B > nalv |HFAG avg. w/
6_

5_
4

3

- Standard Model — =
":I' | | | | | | | | | | | | | |
04 03 02 -01 0 0.1 02 03

Exr

with different approaches also



0
The decay A, puv arXiv:1504.01568 A

.'J\;h

> The decay A, puv is the baryonic version of B->nlv

o Cleaner at LHCb as protons are rarer than kaons/pions

> A} baryons not produced at BaBar or Belle experiments
but at the LHC produced 1/4 as often as B mesons

._1__:_;.__ 09 LI N B |

= Signature in detector: displaced muon - proton vertex < os

- Normalize signal yield to V, decay, A,>A_uv g;
= Cancel many systematic uncertainties, including 0sE ¥
the production rate of A, baryons Lo

03
o Calculate the branching fraction ratio at high q’ 02

W .Detmold et al, arX}y: 1503.01421

LHCb arXiv:1405.6842

T

-"I'd_"’-"'-c.f-'-f'#

(pe? f':e"-"z}
(pe~ ' GeV Y|

||_.-';&|2

dl'/dg®
[Val®

dljdg®

1 1 1 1 1 1 1
L1 B 1 15 i} o 2 4 8 [}

7 (GeV®) & (GeV?)
A0 - N (AO n1—17
B(Ay— pu 'U,L-:)qz‘;:»lﬁ GeV?2 N(Ay— pp f-",u,)qz;;,m GeV?2

B(AY— Afpv) 2>7GeV? N(A)y—= (AF = pK—m+)pv )@2>7Gav?
e(Ay = (Af = pK—nh)pv) 2u7gav?

A0 ) e
()= P T) o1 e

1
1

measured precisely

X B(AT— pK n") <&

by Belle !



Signal fit arXiv:1504.01568

Corrected mass used toextract the signal

Mcorr:\/PJ_+M2 + P . ---- T

0 —
N(Ap2puv)=17,687 £ 733 \((£0, 4 (1K), v)= 34,255 + 571

First observation of this decay

F:IHH 18000 N T T T T T T T T T T T T T ('T _].[}Dﬂ T T T T T T T T T T
S - I Combinatorial . 0 S )
S Lso00k. Nt o ]?H.Cb E = - LHCD preliminary
o - EEDu preliminary ] L L A
= , - o ] = 3000 A
5_-1 - DDD: % i P Combinatorial
£ 9000F 2000
p— - v B
- - =
= 6000F o
= - 2 1000
O 3000F %
B (-
500 1000 5000 160 4500 5000 5500
Corrected pu mass [MeV/c-] Corrected pK~x*1” mass [MeV/c2]

B(Ap— PH Uy )qﬂ >15 GeV2/c?

— (1.00 £ 0.04(stat) & 0.08(syst)) x 10™2
B(ﬂbg" ﬂﬂﬂm”)qz =7 GeVZ/c4 ( ( ) ( ))




Determining |V, |/| V| arxiv:1504.01568

o Use ratio of differential rates from lattice calculations to
calculate the ratio of CKM elements squared:

2 —
dI'(A - -
L,r 2 ql__ma.x . ( b_}}zﬁ y“}d{jg
ub 15 GeV dg - —
ubl I8 _ (0.68 =+ 0.07)
V|2 [fhax  dDA—=Acu7,) 4.2
7 GeV?2 dq2 14
o leads to: W.Detmold et al, arXiv:1503.01421
V
Vin| 0.083 = 0.004 (exp) = 0.004 (LQCD)
Vel
LHCb-preliminary
Inclusive ——
Exclusive ———
LHCD —
|V |=(3.27 £ 0.15 (exp) + 0.17 (theory) + 0{06 (|V,[)x107°

0.0025 0.003 0.0035 0.004 0.0045 0.005
A

"APER-2015-013



o Channels: K»K'n ,Kea",K'n’,l=eoru

B->K'1'1" decays

illustration: g* €[0.0, 2,0] GeV?

[arXiv:0904.0770]

Everts { 0.25

NH F
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10 g w3
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1416 18 20
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Ry =1, R} =0.75 (photon pole !)




Angular analysis of B) »K u'u” decays

o Channel: B—)K*O(—)KJ'W_)MM A0 [aI‘XiV:1512.044:4:2]
— T
; 18 o E preliminary
B 16/ = '
. 14§ > e I
: .. i & =0l —
A ST '5‘.? . 5200 T T
e MK 7 ) [GeVieT] m(Kf 7~ ") [MeVicd]
ol =L ' |
- i LHCh : .
= [ poliminary | O€lection:
= 600 g - . . .
B! ' g ]BD_T to reject combinatorial background
= a0l 2¢l80H8 of resonant modes (control modes)
g 1+ BDT to reject combinatorial background
I-;: i i r nl nl - 5]
2o ~ 2400 evtsin tREH EpaHganodes (used as control)
05200 T

m( K pp) [MeV/ic?]



Angular analysis of B) »K 1I'1” decays

- Final state described by q° = m; and three angles Q = (0,, 6., ¢ )

d d
B[] - _H"#[] "'ﬂ_
B '
b £ 5 G ) ¢ s Qg
- ~
LW q | ’ i
AL £
¥/ s _/ VA |
1 AT+ 1 9 -
+1) _ [3(1 — FL)sin” @k + FLcos” Ok + 3(1 — F1.) sin® O cos 26

dT+T)/dg>2 dfi = 32«
— I cos> By cos 28 + 54 sin” B sin’ By cos 2
+ S4 8in 20k sin 20 cos ¢ + Sk 8in 20k sind; cos o
+ %_-"11:5 sin’ fr cos By + Sr sin 20 sin @y sin @

+ Sg sin 28 sin 28, sin & + Sq sin” Oy sin” #, sin E;.-tr]

Ly ) el el
o F,, Agg, S; sensitive to C,/, Cy', Cy,



Angular analysis of B) »K u'u” decays
larXiv:1512.04442]

- Projections of fit results for q° €[1.1, 6.0] GeV”
> Good agreement of PDF projections with data in every bin of q°

Events /! 5,3 MelW/c*
Events /10 Mel/c

X . . ] 0.95
m{K*ta utu”) [MeV/c) mK* a7} [GeVid

" LHCh

Evenis /0.1
Evenis /0.1

Events /0.1 &
——




Angular analysis of B) »K u'u” decays
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Angular analysis of B) »K u'u” decays

"ql ]

data points systematically lower than SM
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Angular analysis of By »K e"e” decays [arxiv:1501.03038]

e N " S T R - S TN R N ) BT
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5 M 3 5 I ER-I: : _
& m;_ |_ [ E & _; E E o ERRLLELT Bg — K*HE.‘I'E.
——— d 8 sk R — . _
Lo 4 5 (KR
cos#y oo Hy o [rad]
Observable Measurement SM prediction’
o Measurements in agreement with SM predictions —
Const ‘ C 1 ; th radiative d +0.16 £ 0.06 = 0.03 +0.1070 54
o Constraints on C.,, complementary with radiative ecayg(z 0934023 +0.05 0.03+0.05
0 (.18 & 0.05 —0.1570 03
Angular analysis of B »K e" e at very low q* (€ [O0. OQ@ 1. 120J0d;§$/ éyiggd (—0.2+12) x 10~
Folded angular observables (¢ = ¢ +x if ¢ < O) S.Jager, J.M.Camalich [arXiv:1412.3283]
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Flavour-Tagging at LHCb

tagging efficiency Eeng ™ 50%
effective mistag  w,,, ~ 3%
effective tagging power £ (1 -Em“E] 2 =24%
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Impressive improvements in tagging performance in the last 3 years



Results for B.» J/yh"h™ at LHCb
CP violating phase [3fb ', arXiv:1411.3104]
¢, =—-0.058 £0.049 = 0.006

CP violating in mixing or direct decay (no CPV: |A|=1)
|A] =0.964 +0.019 £ 0.007

Decay width difference AT, = (I, —T'y) = 0.0805 + 0.0091 + 0.0032 ps '
AT (SM)=0.087 + 0.021 ps™"
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o Combinatorial background is flat and small
> Very small contributions from mis-ID of B,»¢K™ and A,»¢ pK

o mixture of CP eigenstates = angular analysis in helicity basis

¢.,=-0.17+0.15 £ 0.03 rad
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B>D"1v R(p®) = BID ey

Babar and Belle measurements hint to deviation from SM

Belle 2007 T
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BaBar (arXiv:1303.0571) observes a 3.4c excess over SM expectation
''This excess cannot be explained by a charged Higgs boson in the 2ZHDM type II "'
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*) -
B -> D TV at Belle [arXiv:1507.03233]
(with hadronic tagging)
projections for large M2 _ region, N(Dtv)~300, N(D tv)~500
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larXiv:1506.08614 |

B->D *tv at LHCDb

B (EG — D"t (uv,v, )17,:)

363,000 = 1,600 events in D uv sample

R(D") = e I — ) :
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(Fajferetal 2012)




Sensitive to NP

NNLO SM calculation:

0.4

B.,(B>X_y)=(3.36 +0.23)x10™" s
(for E,>1.6 GeV) M.Misiak et al. o

[arXiv:1503.01789] >“<' 0.3

(central value increased by — s
6.4 % compared to 2007 value) @

PRL 98, 022002 (2007) b 0.2

The lower y energy threshold, the smaller 0 1c

the model uncertainties in SM, but the
larger background in measurement

Charged Higgs (2HDM Type II) bound

>200 GeV
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high P lepton
6 GeV<Ei<2.20 GeVY

SM: A,(B2X_,,y)=0 to order 107°
[ Hurth and Mannel, 2001]
NP: A, (B»X_,,y) as large as 10%
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For charged Higgs in 2HDM Type 11
M(H') > 540 GeV at 95% CL

= limited by statistics: Belle 11...
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