New Physics from Flavour
(Experimental Highlights)

in the light of the recent anomalies
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Belle(II), LHCb side by side

(in the context of B anomalies)
LHCb
pp>bbX
production of B*, B”, B_, B_, A, ...
but also a lot of other particles in the event

Belle (II)
e'e »Y(4S)»bb
atY(4S): 2 B's (B° or B*) and
nothing else = clean events

o,; ~1nb =1 fb™' produces 10° BB
1/4

= Jower reconstruction efficiencies

o,; much higher than at the Y(4S)
s [GeV]
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HERA pA
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~10°8

Tevatron

2 TeV

5000

~103

LHC

8 TeV

~3x10°

~ 5x103

14 TeV ~6x10° ~-10*

bb production cross-section ~ 5 Tevatron, ~ 500,000 X BaBar/Belle !!
much lower than at the Y(4S)
= lower trigger efficiencies

0-bB/O-total
B mesons live|relativey long

mean decay length gyct~ 200 um mean decay length yct~ 7 mm

data taking period(s)
[1999-2010]=1 ab™" [run I: 2010-2012]=3 fb*,
[run II: 2015-2018]=2fbh ' >8fb'?

(near )l future

[Belle II from 2018]» 50 ab™* [LHCD upgrade from 2020 ]



Motivation

In general, we search for NP indirectly in processes where SM contributions
are suppressed, and so, small NP effects can become visible (or even dominant)

Phenomenologically , we can classify potential NP contributions as

o AF = 2 (neutral B mixing)
— 2™ order weak transition in SM, can be enhanced by NP

o AF = 1 (B decays)

— Loop suppression (NP can enter through trees, e.g. FCNC)

— Helicity suppression (Vector-mediated SM transitions are small
compared (pseudo) scalar-mediated NP)

energy frontier intensity frontier < NP beyond the direct
SM NP > reach of the LHC
>-<
L SM
limited by beam energy limited by statistics

New particles can for example contribute to loop or tree level diagrams
by enhancing/suppressing decay rates, introducing new sources of CP
violation or modifying the angular distribution of the final-state particles



B 2 up: ultra rare processes...

loop diagram + suppressed in SM + theoretically clean =
an excellent place to look for new physics
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higher-order FCNC
allowed in SM

B(Bsu'u )=(3.65+0.23)x107°
B(Bg»u'u )=(1.06+0.09)x10 "

[ Bobeth et al,
PRL 112 (2014)101801]

same decay in theories
extending the SM
(some of NP scenarios
may boost the B>uu
decay rates)



B 2 upp: ultra rare processes...
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B(B)»u'p)=(3.0 £0.6 *)3)x107° (80 significance)
B(B%»up")

Candidates / ( 50 MeV/c?)

10

-10
<3.4x10"" @ 90%CL
gl (=i A R e R R e E
: LHCb g il E
30 ---.BO_) i =
- BDT > 0.5 e :
s G RRL  a ae Combinatorial S
it e B e L e B B—h'h" 3
20E gt il b
S U B D B '—>m L =
RN Sn e oy . 7_M 28 E
= b pu vu =

5

.
~ .
,,,,,,,,,,,

Bi— Ty u'v,

6000

- [MeV/c?]

"'T'm too old for limits,

I want to see signals"’
(Francis Halzen, EPS15)

SM: heavy state decays to u'u”

first lifetime measurement:
1(B,2»u'u")=2.04 + 0.44 + 0.05 ps

[Pl =1,18]

=0,pp=0 pg=n/2

Non-scalar
Lol 1)
NP;(Cl), ¢

Aar(B, =+ ptp”)

== |5, s free; [Pl =1 @p =0 |]

J 1 ¢r freg; |S|=0;|P| =1+ 10%||
|P|=1]5|=0 Excluded at 95% C.L.

08 10 12 14 16 18 20 22

R = BRexp(Bs — p*p”) /BRem(Bs — ptp”)

[De Bruyn et al., PRL 109, 041801 (2012)]
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B- X_ vy as an illustration
Sensitive to NP

b S
NNLO SM calculation: Charged nggs (2HDM Type I1) bound
-4
B, (B*X_y)=(3.36 + 0.23)x 10 .
(for E: >1.6 GeV) M. Misiak et al. SI - . *
[arXiv:1503.01789] 5
PRL 98, 022002 (2007) ‘Q
The lower y energy threshold, the smaller the model A\ sso
uncertainties in SM but the larger background in measurement °-1s
. high P lepton 2.8 3 .2 3.4 3.6 4
B-factories can go 1.26/6eV<Ei<2.20 GeV B[><10 ]

more inclusive !! Belle, arXiv:0907.1384/
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-2000[

WA: B(B»X_y)=(3.32+0.15)x10 *(for E;>1.6 GeV) . . 1
= Charged Higgs bound (2HDM Type II): M. > 400 GeV @ 95% C.L. &~fce



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...
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Experiment Theory

NP changes short-distance C,
m Model-independent description in effective field theory and/or add new long - distance ops O 'i

4G I ra
Hott = ——= Vi Vi E CiO; + G O;
T e

V2 —  glohal
Left-handed Right-handed, mﬂb suppressed

— branching ratios

— Aar(B: = #v)

. . . i — (P)(BY = K*%ete)

m Wilson coefficients C!") encode short-distance physics, O\ corr. operators ~ A.Paul, D.Straub, | l
arXiv:1608.02556
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*k
B> K y measurements
CLEO observation of B»K y [1993]

3071094-008
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*k
B> K y measurements
CLEO observation of B»K y [1993]
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B-» K y measurements

simultaneous fit of 4 final states

= extraction of BFs, A

isospin asymmetry: Aps =

Ng ~
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first evidence of isospin violation in K™y !
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= 2 orders of magnitude smaller than b—sy but rich NP search potential

o electromagnetic penguin: C, .
Amplitudes from - vector electroweak : c, may mte.rfer.e
- axial-vector electroweak: C,, w/ contributions from NP

Many observables:

o Branching fractions

o Isospin asymmetry (A,), Lepton forward -backward asymmetry (A.;), CP asymmetry ...
o and much more...

= Exclusive (B»K'"1"1), Inclusive (B+X,1'1")



Angular analysis of B) > K 1'1” decays

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

d d .
el ) o*0 L
_ t
h £ 5 £ ] £ s Qj
i 4 >
:_-II -: - 11, a r.-.i': " l \iB Z
BV WA, 0 o :" . F_
Z y Y _/ j
1" F+ \
1 d*(r+r) 9

I _ I . LI 2 i 1 o . B , ‘ .
AT +0)/dg2  ad 39~ [1(1 — FL)sin” 0k + Fr cos™ 0 + 3(1 — F1.) sin” O cos 26,

. 9 . D . D ,

— 7, cos” @y cos 20y + S5 5in” g sin” #; cos 20

+ 54 8in 20k sin 26 cos ¢ + Sk sin 20k sinfy cos o
= 2 T L L] " i

+ %_.-'11.-[3, sin” #g cos By + Sy sin 20 sin @y sin @

v . . . . 3 . ) .
+ Sg sin 260k sin 20 sin ¢ + Sy sin” Gk sin” #¢ sin Eri‘v]

= F,, A, S, sensitive to C(7'>, Cg), C(lg)



Angular analysis of B> K u'u~ decays [LHCb, arXiv:1512.04442
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Angular analysis of B, >K n'u~ decays

. S
o Form-factor less dependent observables P, = -

_ 1 \/FL( 1- FL)
Q. g : | I I :
| SM from DHMV ]
O.SZTL ® LHCb Run 1 analysis ]
- _+_' 0 Belle arXiv:1604.04042 ]
= ﬁ
i + :
- _F 1{' i
_1_ [l | 1 I I | | 1 1 I 1 1 1 1 I 1 ]

0 5 10 15

g* [GeV?/c*

[LHCb, arXiv:1512.04442]

- Tension in P, seen with 1fb ™' is confirmed

> Local deviations of 2.9¢ and 3.00 for g° € [4.0, 6.0] and [6.0, 8.0] GeV~
o Naive combination of the two gives local significance of 3.7 0




Angular analysis of B, >K n'u~ decays

. S
o Form-factor less dependent observables P, = >

- T T T T I T T T T I T I T | I \/FL(]-_FL)
A, 1 _
- e LHCbdata o ATLAS data i
| = Belle data CMS data i
05— I SM from DHMV ~ —
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[LHCD, arXiv:1512.04442]

- Tension in P, seen with 1fb ™' is confirmed

> Local deviations of 2.9¢ and 3.00 for g° € [4.0, 6.0] and [6.0, 8.0] GeV~
o Naive combination of the two gives local significance of 3.7 0

o LHCD, Belle and ATLAS show deviations in 4 < g* < 8 GeV?*/c*
o CMS shows better agreement



Test of LFU with B*K’pu and B*K ™ ee, R,

Two regions of q° 7 s
2| & |
o Low [0.045-1.1] GeV?/c* = ,
L Yl
o Central [1.1-6.0] GeV?/c* ol pias)
i
Different q° regions probe [,F T o -
different processes 7' Cy Cg” and Cig
in the OPE framework Aol sl o1
short distance contributions u =
described by Wilson coefficients .
4 [m(p))? B

Measured relative to B’ K™ J/y(1l) in order to reduce systematics

Challenging:

— due to significant differences in the way u and e interact with detector
— Bremsstrahlung

— Trigger




Strategy

o Measured relative to B’ >K °J/y(1l) in order to reduce systematics
B(B'— K*utu) / B(B"— K*ete™)

B(BY— KXJhp(— utu))/ B(BY— K*Ja)(— ete™))

R0 =

o High occupancy of calorimeters (compared to muon stations)
= hardware thresholds on electron E; higher than on muon p;
(LO Muon, p;>1.5, 1.8 GeV)

3 exclusive trigger categories:

o LO Electron: electron hardware trigger fired
by clusters associated to at least one of the
two electrons (E.>2.5 GeV)

o LLO Hadron: hadron hardware trigger fired
by clusters associated to at least one of the

K ’decay products (E,>2.5 GeV)

o L0 TIS": any hardware trigger fired by
particles in the event not associated to the
signal candidate

(*) TIS = Trigger Independent of Signal




Fit results —up

[LHCDb, arXiv:1705.05802]
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Fit results — ee

-

Fulls Candidates per 34 MeV/c2

+

e - :

5500 6000
m(K xee) [MeVict]

Pulls Candidates per 34 MeV/c?

[LHCDb, arXiv:1705.05802]
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Results [LHCb, arXiv:1705.05802]

Precision of the measurement driven by the statistics of the electron samples

| B KO | g K*J/hp (> £re7)
low-q? | central-g2
phtp 285 T 18| 353+ 274416 T &) for 0.045<q°<1.1 GeV*/c*,
ete” (LOE) | 55% §| 67113 43468 * 332 R, .= 0.66 “){} (stat) = 0.03 (syst)
ete” (LOH) | 13 3| 197 3 3388 © & for 1.1 <q?< 6.0 GeV*/c*,
ete= (LOI) | 21+ 5| 25+ 7 11505 *+ 118 R,..= 0.69 *}{ (stat) = 0.05 (syst)

In total, about 90 and 110 B°»ee candidates at low- and central-q°
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o compatibility of result in the low-q® with respect to SM is of 2.2-2.4 standard dev.
o compatibility of result in the central-q* with respect to SM is of 2.4-2.5 standard dev.



Test of lepton universality using B’ K" 11" decays

[LHCDb, arXiv:1406.6482]

o Ratio of branching fractions of B'»K"e"e” and B'»K"u"u sensitive
to lepton universality

'l‘qmﬂm di'[B{B™ —}f{+|t{_|r.{_:|' dq:‘!
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q. q

T T

o SM prediction is R, = 1 with an uncertainty of O(10?)
[M.Bordone, G.Isodori, A.Pattori, arXiv:1605.07633]

o Measurement relative to resonant B- J/yK modes
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R, : ratio of branching fractions for dilepton invariant mass squared range 1<q*<6GeV*/c*



Test of lepton universality using B'» K 1’1" decays

—e-LHCh —gBaBar —aBelle

o The combination of the various trigger .= E:' L LH(IZb ]
channels gives: B i
R, = 0.745 *%%%(stat) + 0.036(syst)  'F i E
o Most precise measurement to date, IF } SM -
disagreement with SM at 2.6 level % Re(SM) =11
(0.5 LH PRL 113, 161641] —
+ + -+ +0.19 +0.06 -7 i BaBar - PRD 86 (201%) 032013]
= B(B _)e e K) — (156_015(Stat) —O,OS(SySt))X ]'O B __*.:.:I:-- ::-I:*.I. ]|:::| -:n:::='.f:.-:~.-n|_. i
compatible with SM predictions 05— ; S 'lln' - '1'5' - 'E'D'
qF [GEVEIE*]
Model candidates
< Model with extended gauge symmetry 7 S
y e b s
v’ Effective operator from Z’ exchange b leptoquark 5 q
v Extra U(1) symmetry with flavor dependent charge e X P o
< Models with leptoquarks 77 \
v’ Effective operator from LQ exchange 1 7 H oK 8

v Yukawa interaction with LQs provide flavor violation

< Models with loop induced effective operator

v" With extended Higgs sector and/or vector like quarks/leptons

v' Flavor violation from new Yukawa interactions



Angular analysis of B) >K'1'1” decays

o Form-factor less dependent observables P, = >s
L S S S S B \/FL<1_FL)
- e« LHCbdata o ATLAS data 1 o LHCD, Belle and ATLAS show deviations
E = Belledata © CMS data i in 4 <q*<8 GeV?/c*
O'SZTTL ] [IsMfromDHMV 1, CMS shows better agreement
i —— V7, SM from ASZB -
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]

elle arXiv:1612. 05014]
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o 2.60 in P'; for the muons channels (1.30 for the electrons)



Event reconstruction in B2 tv at B factories

Btag ]Eg
hadronic tag
D i B->D"x, Dp...
“k ¢ ~0.2%
hn 7T+
semileptonic tag
B -)D(*)"[,"V B—)D(*)IVX
S1g
T2EeVV, uvv, 1
tnv, na’v, 3wV T
(70 % of all © decays)
+
Require no particle W H v
and no energy left b c
after removing B,
and visible particles of B u u

2

m
2HDM (type II): B(B=Dt"v) = G2 1y |V, |*f(Fy, Fs, —2tan’p)

H+
uncertainties from form factors F,, and F. can be studied

with B-»D1v (more form factors in B—»D tv)



* (*)
B->D" tv R(DY) = B<B"D(*)”)
B(B->D"1v)
Babar and Belle measurements hint to deviation from SM
Belle 2007 . |
BABAR 2008 A H—e—H4
Belle 2009 . o . | o
Belle 2010 H—f—1H —t—e
BABAR 2012 H—o— H—eH
| | 1 | L1 ' | 1 L | | I PR R R e T |
0.2 0.4 0.6 0.8 0.3 0.4 0.5 0.6
R(D) R(D™)

BaBar (arXiv:1303.0571) observes a 3.4 excess over SM expectation

'"'This excess cannot be

0 0z 04 G 0E

tanf /m . (GeV—1)

explained by a charged Higgs boson in the 2ZHDM type II "

= 03F



(@)
B->D 'tv at Belle larXiv :1507.03233]
region, N(D<tv)~300, N(D tv)~500 (with hadronic tagging)

projections for large M?

miss

0 * 4 *()
, B->D"tv B->D " tv B->D " tv B->D" tv
£ F . _ . mB— Dty | 5[ 1 L B Dy .
L%’ 80¢ 500 BB Drv 2 s il |
'I.ru.:_ [ B— D¥*1y i i B— D¥lv
: - * B B— Div 201 [ other BG
&0 400k M other BG g
: [ B D#5ly L lB— Dy
BO- [ 151 =
40F-
| | N :
30f 200 "
20f 3
: 100 o
105
: I

e e g Dl 2B g ok, =2 0 2 A B EB ok SE B @, B g el

Ope’ I::IMEEI Oy s
[disagreement with SM at 1.50] R(D)=0.375+ 0.064 = 0.026
0 orf- M R(D") = 0.293 + 0.038 + 0.015
C B BaBar
as;— ® Bolle 4
(with leptonic tagg [arXiv:1607.07923]
M —~ " | g Normaization | | — T
D 3
5 o o0 S 600
0.2 0 0
|:|1-E- s & 40P =1 400
£E 7 < =
e R T R T T T g 20 g 200
R(D) by
E é -—Mff;} s T N
8.‘3 02 04 06 08 10 12 8.0 02 04 06 D.S 10 12
Ecn [GeV] Eeq [GeV

R(D')=0.302 + 0.030 + 0.011




B->D *xtv at LHCb

larXiv:1506.08614 |

B (EG — D"t (uv,v, )17,:)

RD)= B(E” —~ D",

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

N (D tv)/N(D"uv) =

(4.54 + 0.46)%

B(t>uvv)=(17.41 +0.04)% —— Data
B E — D'ty
o~ — — = AT B — D'H (— hMX)X
< AT Iz GVt LaCh ] = 40008435 <q? < 1580 Gevc! = o D)
= Z = - B B — D'uv
& 3000 q = 3{][}[}:_ Combinatorial
2 20001 E 3 2000 ] hfisidentified "
7 - 1 = - .
S 1000F 3 E  1000F 3
= - 7] © " .
S - P o =
S e E e R E £ P e ]
6 8, 10 5001000 1500 gnn
mZ _ (GeV'/c’) M
BaBar 2012 (Full) R(D")=0.332 +0.024 + 0.018
471x10° BB ——
(Hadronic Tag)
Belle 2015 . R(D")=0.293 +0.038 + 0.015
(Hadl?;nic Tag) [Belle ,arXiv:1 50703233]
LHCb Runl preliminary R(D)=0.336 + 0.027 + 0.030
&
TOUW, | | | | [disagreement with SM at 2.1 o]
0.1 015 02 025 03 035 04 045 —
Standard Mode] RODY |[LHCDb, arXiv:1506.08614 ]

(Fajferetal 2012)



R(D*)

Summary for B»D%tv

in 2016
(*)
% BF(B>D 'tv
= R(D")= ( o) o BaBar
BF(B~>D"1v,) R(D) = 0.440 + 0.058 = 0.042
9.5 —— —————r—r—————1————1—— R(D")=0.332+0.024 + 0.018
" = BaBar, PRL109,101802(2012) : u
~ = Belle, PRD92,072014(2015) Ax*=1.0 1 Belle
045 LHCb, PRL115,111803(2015) 71 |R(D)=0.375+ 0.064 + 0.026
= Belle, arXiv:1603.06711 - *
U 4 : = HFAG ﬂ\-’ﬂl‘ﬂgﬂ, P(xZ) =67% : R(D ) - 0.293 + 0.038 + 0.015
TE T SMprediction 4  R(D')=0.302+ 0.030 = 0.011
0.35— —
0.3= =
- 4 average
025 L ) PRDOT 545102015, R(D)=0.397 + 0.040 + 0.028
R(D*‘), PRDS‘ﬁ,ng-UZﬁ(ZUIE) P Wintar 2016 R(D*) =0.316 + 0.016 =+ 0.010
U. 1 1 1 1 ] 1 1 1 1 ] 1 1 1 1 | 1 1 1 1 . . . .
%.2 0.3 0.4 05 0.6 difference with SM predictions

is at 4.00 level

R(D)



* D™ leptonic with hadronic tagging, arXiv:1507.03233
B 4 D TV at Belle D" with leptonic tagging, arXiv:1607.07923
o hadronic decays of v > v_, p v,
o hadronic tagging

New result using:

T~ — W Vv, P Vgaregood

polarimeter for T polarization

 TF-T-
+(=) ] 5 0, = angle of Tt daughter meson momentur
r for right-(left-)handed T | with respect to direction opposite to
P.(D*)spy = —0.497 + 0.013 L‘ momentum of tv system in t rest frame
T - . A - x \ .
M. Tanaka and R. Watanabe, PT[D :' is modified .
Phys. Rev. D 87, 034028 {2013) 1 dr(p’) 1 %
. . . . h * - _[1(1P1:(D )Cosehel]
T polarization is a variable sensitive to NP r(D’) dcosby, 2
JEW B =Dy,
: mE-DI v
[Belle, arXiv:1612.00529] [Sum of all samples o E-::Dtt:f:—&
o had. B
Signal events ——W—~2_ DE'mDD 3 -Italjeﬂ" .
800 @ Data

Event / (0.05 GeV)

R(D")=0.270 = 0.035 *'oos
P.(D)=-0.38+0.51 "%,

02 04 06 08 1 12 14 1
EE‘;'. {GEU} I::'::"Sﬁl'lul



)
B->D"1v "
| R(D(*)): BF(B_)D TVT)
>k
T BF(B>D"1v,)
_|_
B W H v BaBar
b c R(D) = 0.440 + 0.058 + 0.042
J J R(D')=0.332+ 0.024 + 0.018
;"‘\\ U_S B 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] Be].].e
o ol o2 omotanors A= 1.0 contours ] R(D) = 0.375 + 0.064 + 0.026
R~ 0.45 — LHCb, PRL115,111803(2015) ——— SM Predictions — R(D ) =0.293 + 0.038 + 0.015
L Belle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015) - .
[ = Belle, arXiv:1608.06391 R(D)=0.299(11) FNAL/MILC (2015) R(D ) = 0.302 + 0.030 £ 0.011
0.4 — [0 Average R(D*)=0.252(3) S. Fajfer et al. (2012) — . 0,029
: . R(D")=0.276 + 0.034 *%°2°
0.35 ~ LHCDb
- . R(D")=0.336 + 0.027 = 0.030
03 —
- . average
025 - m R(D) = 0.403 + 0.040 + 0.024
- | . POA=70% ] R(D)=0.310 + 0.015 + 0.008
0- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

o2
b
=
(U8 ]
=
I

0.5 0.6 difference with SM predictions
R(D) is at 3.9 level

= more precise measurements needed, more observables (t polarization...)



B->D *tv at LHCD

need a strong background suppression:
B(B°»D 3n+X)/B(B°»D tv; 123y, ~ 100
= detached vertex method

: v B o

b - - 3

2000 LHCD &

E i Preliminary =l

Z1500 n -

= =

o =1000

5 1000 —

¢ E

8 500 % 00
E

L}
ot
[
=
=)

1
1

I

—t

Ln

=

=]
1
1

Candidates / ( 0.00025 ns

3

-
b=

[
(=]

Candidawes | { 000025 ns |

Candidates /| 1.375GeV* / ¢* ) Candidates /{ 1.375GeV®/ ¢* ] Candidates/ { 1.375GeV®

=" -

q'.! (chﬁ C4}

0 [LHCb-PAPER-2017-017]
123 n(n")
K= e K: -
&\: » /,1 T oD 8 . o
\ » \ . \
\\’\. Dn. 5 $ 5 O
v 4 o v
1 B . e S —
p N. :Z;ZZ}; N \‘,j_'f'\i;; : E
SR = ' ' E
= B LHCb simulation J
I L DX _:
Z 10 = D*DX 3
P M
48] ]{j2 = =

—
[}
L

—10 0 10 20
QZ'HGAZ

components of 3D fit (q°, 3= decay time, BDT):

g 400
= -+ - - + -0
= T2 T T V., T T T V, anti-D
é 200 Xb-)D TV, ®
-
B=>DD,;X (relative) yields constrained
X,»DDX from control samples

B(B°»D"tv)/B(B°»D 3x)=(1.93+0.13+0.17)
= R(D")=0.285 + 0.019 + 0.025 + 0.014

R(D), R(D") still at 40 away from SM




Summary

o Few tantalizing results on rare decays in B sector covered in this talk...
but much more in B decays: LFV searches, B>K"”vv, B> tv, uv...

also in charm, charmonium, bottomonium, light Higgs, t, DS, kaon sectors...

o Definitely not only complementary, but stimulating competition
between (super) B-factories and LHCD (upgrade):
— for the expected: results on B ~uu, B->K uu, B,»J/y¢, yangle...

— for the less expected: resultson |V |, D tv...
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Summary

o Few tantalizing results on rare decays in B sector covered in this talk...
but much more in B decays: LFV searches, BoK"”vv, B> tv, uv...

also in charm, charmonium, bottomonium, light Higgs, t, DS, kaon sectors...

o Definitely not only complementary, but stimulating competition
between (super) B-factories and LHCDb (upgrade):
— for the expected: results on B »uw, B2K uu, B> J/y¢, yangle...

— for the less expected: results on |V |, D tv...
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AF =2: New Physics

b t

< < <
|/ \l / \| Evolution of B(OS) system is described by H =M —-iT'/2
B '|\ /' w | +NP? W \ / B: Off -diagonal terms M,,, I',, responsible for oscillations
> > >

t b

o M,, dominated by (virtual) top boxes
|affected by NP, e.g. if heavy new particles in the box]|
> T',, dominated by tree decays into (real) charm states
[affected by NP if changes in (constrained) tree-level decays]
o Tree level (4 diff flavours) processes not affected by NP

Model-independent parametrisation under the assumption
only changes modulus and phase of M{, and M,

MY, = (Mf7,)sm X Ay, Ag= |Aq|el¢q =(1+ h, ezmq)
affects Am (=]A,]), a5, (o A,), AT and ¢ (= o)

d .
Am,, Am_ B, ¢., ag , ay, AT to constrain A, and A



AF = 2: CKM projections
| CKMfitter, arXiv:1501.05013]

Observables not affected by NP, used to fix CKM:
|Vud|' |Vus|l |Vub | ’ |Vcb|' Y and Y<OL) = TE_O(_[S <(|)Bd Cancels)

Stage I Stage 11
7 b~ LHCb 50 fb~' LHCDb
+5ab ' Belle II +50 ab ' Belle II
2013 Stage | Stage 11

| Viat| 0.97425 + 0 + 0.00022 id id

| Vs | (Kga) 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id

lexc] (2.228 4+ 0.011) x 10~° id id

Amg [ps—1] 0.507 £ 0.004 id id

Ams [ps™ ] 17.768 + 0.024 id id
Vep| x 10° (b— cf) |  41.15+0.33 £ 0.59 42.3 4 0.4 [17] 42.3 + 0.3 [17]
Vin| x 10° (b — ulp) 3.75 4+ 0.14 + 0.26 3.56 + 0.10 [17] 3.56+0.08  [17]
sn 29 U679 £ U.020 U679 E0.0I6  [I7] UB/O U008 [17]
a (mod ) (85.412-0)° (91.5 + 2)° [17]  (91.54+1)°  [17]

v (mod ) (68.0152)° (67.1+4)° [17,18] (67.1+1)° [1T, 18]

Bs 0.00657 5. 0.0178 +£0.012  [18] 0.0178 +£0.004 [18§]
B(B — Tv) x 104 1.15 4+ 0.23 0.83 + 0.10 [17] 0.834+0.05  [17]
B(B — pv) x 107 3.74+0.9 [17] 3.7+ 0.2 [17]
A < 10t 23 4 26 —7T+15 [17] —7 410 [17]
Ag x 10t —22 4 52 0.3 + 6.0 [18] 0.3 £ 2.0 [18]




AF =2: NP fit

|[CKMfitter, arXiv:1501.05013]

d S °
Am,,Am_, B, ¢, ag, ag, AT, to constrain A, and A_

Stage I Stage 11
7 fb~' LHCb 50 fb~' LHCb
+5 ab ' Belle II + 50 ab ' Belle II
2013 Stage | Stage 11
| Vied | 0.97425 + 0 + 0.00022 id id
| Vsl (Kea) 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id
lexc| (2.228 4+ 0.011) x 1077 id id
Amg [ps 1] 0.507 £ 0.004 Td id
Ams [ps™ ] 17.768 + 0.024 id id
Vep| x 10° (b — cfi) 41.15 + 0.33 + 0.59 42.3 4+ 0.4 [17] 42.3 4+ 0.3 [17]

Vus| % 107 (b = ufp)

3.75 1+ 0.14 1+ 0.

26 3.56 = 0.10 3.56 + 0.08

sin 23 0.679 £ 0.020 0.679 £ 0.016  [17] 0.679+0.008 [17]
T LLr ey tor ooy (o1
v (mod ) (68.0F52)° (67.1+4)° [17,18] (67.1+1)° [1T, 18]
v +0. 0450 . . P -
Ba 0.00651D-0450 0.0178 £ 0.012  [18] 0.0178 +£0.004 [18]
— BB Tr) x 100 T.15 £ 0.23 0.83 £ 0.10 [T7] 0.53 £ 0.05 7]
B(B — pv) x 107 3.74+0.9 [17] 3.7+ 0.2 [17]
A% < 10t 23 + 26 —7+15 [17] —7 410 [17]
Ag x 10t —22 + 52 0.3 £ 6.0 [18] 0.3 + 2.0 [18]




AF = 2: Current constraints

[CKMfitter, arXiv:1501.05013]

2_

Im A,
Im A

[T T 171 | T T 1
| | exduded araa has CL = 0.68

AT, & TSR KK) &r,Uy)

.NP in By mixing - with ASL 5
1 ! | | | |

Re Aqg

Ay=0.88"0224+i(-0.11°%%7) A =1.01

Bounds/prospects for New Physics at:

> Stagel: 7fb "' LHCb +5 ab ' Belle II
> Stage II: 50 fb' LHCb + 50 ab™' Belle II

+0.17
-0.09

0

1 2 3
Re A

+1(+0.02 +0.04)



AF = 2: Inputs

| CKMfitter, arXiv:1501.05013]

2003 2013 Stage | Stage 11
| Vil 0.9738 + 0.0004 0.97425 = 0 £ 0.00022 id id
|Vius | (Kea) 0.2228 4 0.0039 + 0.0018 0.2258 + 0.0008 + 0.0012 0.22494 + 0.0006 id
lex| (2.282 £ 0.017) x 10~%  (2.228 &+ 0.011) x 1077 id id
Amg [ps™!] 0.502 + 0.006 0.507 + 0.004 id id
Amg [ps_l] > 14.5 [95% CL] 17.768 4+ 0.024 id id
Ve | x 10% (b — cfir) 41.6 & 0.58 £ 0.8 41.15 £ 0.33 & 0.59 42,3+ 0.4 [17] 42.3 +0.3 [17]
Vs | % 10% (b — ufp)|  3.90 £ 0.08 £ 0.68 3.75 + 0.14 + 0.26 3.56 + 0.10 [17] 3.56 £0.08  [17]
sin 23 0.726 + 0.037 0.679 + 0.020 0.6794 0.016  [L7] 0.679 £0.008  [LT]
o (mod ) — (85.4750)° (91.5 4+ 2)° [17] (91.5 4+ 1)° [17]
~ (mod 7) — (68.075 )0 (67.1+4)°  [17,18] (67.1+1)° [17, 18]
Bs — 0.0065 7% 217" 0.0178 £ 0.012  [18] 0.0178 £0.004 [18]
B(B — 7v) x 10% — 1.15 + 0.23 0.83 + 0.10 [17]  0.83+0.05  [17]
B(B — pr) x 107 — — 3.7+ 0.9 [17] 3.74+0.2 [17]
Ag, x 10° 10 + 140 23 + 26 —7+15 [17] —74+ 10 [17]
2. % 10° — —22 + 52 0.3 + 6.0 [18] 0.3 + 2.0 [18]
e 1.2 4+ 04 0.2 1.286 4 0.013 4+ 0.040  1.286 + 0.020 1.286 + 0.010
My 167.0 + 5.0 165.8 + 0.54 + 0.72 id id
as(mz) 0.1172 4 0 & 0.0020 0.1184 & 0 & 0.0007 id id
By 0.86 +0.06 + 0.14  0.7615 + 0.0026 4 0.0137  0.7744 0.007 [19, 20] 0.774 +0.004 [19, 20]
fB. [GeV] 0.217 £ 0.012 £ 0.011  0.2256 £ 0.0012 4 0.0054  0.2324 0.002  [19, 20] 0.232 £ 0.001 [19, 20]
Bg, 1.37 4 0.14 1.326 & 0.016 £ 0.040  1.2144 0.060 [19, 20] 1.214 + 0.010 [19, 20]
fe./fB, 1.21 + 0.05 + 0.01 1.198 4+ 0.008 4+ 0.025  1.2054 0.010 [19, 20] 1.205 + 0.005 [19, 20]
Bg,/Bg, 1.00 + 0.02 1.036 4+ 0.013 £ 0.023  1.0554 0.010 [19, 20] 1.055 + 0.005 [19, 20]
Bg,/Bs, — 1.01 4 0 = 0.03 1.03 + 0.02 id
Bg, — 0.91 + 0.03 +0.12 0.87 + 0.06 id

NB: No DO A, input



AF=2: NP!!

Hypothetical Stage II fits for NP, assuming that all future experimental results

correspond to the current best-fit values of p, 0, h, 4, o4

-value
L o Ip 1.0
excluded area has CL > 0.95 s ‘:
) ~
_2013 B
ogvshy ~ E
d d ° ]
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AF = 2: bounds for B, . mixings

p-value -value p-value
Tl | 1‘_I‘~.I T |_ 1.0 T T &t LSS B e ) i |p 1_0 P e e Fl= e = 1_0
ol excluded area has CL>0.95 | s i 3.0 excluded area @W‘ Bl
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AF = 2: bounds on energy scale

Stage I p-value Stage II p-value
0-5 E T T T | T T T T ] T T T T I T T T T & 1-0 0-5 B T T T | T T T T ] T T T T I T T T T & .
0.4 ! 0.4 !
03— i 0.3 :— i
< Ui £t S et amie 1 < i 1
02— ki 0.2 :— —:
0.1 : —— 0.1 _— _ __
0.0 4 ° i e | st o i e o e B sl b [ ) i il | . 0_0 0.0 ”1/| e | s o 5 i o e B s e il [ ) i il | . 0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5
hy h,
NP contribution to the mixin
C2 g Couplings NP loop |Scales (in TeV) probed by
ij (3T _u 2 ” order |By mixing| B. mixing
from —- (b, y qj,L) S v , -
A |Cij| = [V V5| | tree level 17 19
|Cij |2 (475)2 | Cij |2 4.5 TeV .2 (CKM-like) |one loop 1.4 1.5
. AR |vtivt.|2( A Cigl =1 |tree level| 2% 10° | 5 x10°
! ! (no hierarchy) | one loop | 2 x 10? 40

probe new particles with CKM-like couplings with masses, M, in the 10-20 TeV range if
contribute at tree level (A~M), in 1-2 TeV range if enter with a loop suppression (A~4xM)



NP in K mixing, AF = 2: ¢,

> K, By and B, mixings in general not related
o €x not enough to bound NP in K mixing, even if NP only in tt box
o but in the case of MFV, possible to exploit all neutral mesons

h=h, e’ =h_e*" =h, e with 5, = 0 (mod n/2)
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Precision, precision, precision...
50ab ' = major updates for |V |, sin2p, a, y

SR | | g ST =
= : A ms € o
? | am = sin2p at Belle (II)
g E anchor of SM
E |8 e = Belle Belle Il (50 ab)
§ : § S 0.667 £0.023 £0.012 | xo0x £ 0.0027 £ 0.0044
:_é &k # _E A 0.006 £0.016 £0.012 | x.xx £ 0.0033 £ 0.0037
_g dominated by systematic uncertainties
o 0 P 5
1 ! 1 1 L f | f L ! f | 1 L L | L
-0.4 -OI.2 0.0 0.2 0.4 0.6 0.8 1.0 WA 20]— 6 6 (2 ]- 9 + O 7)
p
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sin2f with b-s penguins

sin 2

dominated by B-factories

n.K L] J YK E .

JIWK(K™ - Kon)

increasing sensitivity to new physics

D*D™.D*D”
Jhyn® DD

increasing tree diagram amplitude

(IJK{]'] K+K_Kg1
KsKsKsn'K®, Kgn”,
0K, fo(980)K

Statistics crucial for
mode -by -mode studies

—

£(980) K’ ! -Nol 111c'1ud1115:, LD amplitude
nK° . p—
p” K° _
| ]
o K° —
______________________________________ | I
)
KO —
______________________________________ . ISR
o K° —
'K’ 5
M P B P R

-0.3 -0.2 -0.1 0 0.1 (I 2
Theory uncertainty on A S

M QCOF Beneke, PLB620, 143 (2005)

SCET/QCDF, Williamson and Zupan, PRD74, 014003 (20086)
B QCDF Cheng, Chua and Soni, PRD72, 014006 (2005)
W SU(3) Gronau, Rosner and Zupan, PRD74, 093003 (2006)
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B-»> D" 1v and much more observables at Belle II

;'-"'\- O_s_l T T | T T T 1 | T T T T | T T T T | T T 171 | T T T T | T T T T | 1T I_
a - - ) *)
T T el e rroieston. ICHEP 2016 Preliminary . R(D") = B(B-»D “’) _in red
0450  poter = B(B>D']
E —\I-I'.I':J(r:ltl;'(:umbinaﬁun E R Tgo B(B-)r V) in blue
— + SM prediction: PRD92 054410 {2015}, PRD85 094025 (2012 — = ’
0'4: P . P Ty B(B>n"1v)
N ] B(B>ntv) .
0.35— — R(m)= , In gre
- ] %) = B Banly) 97OV
Lo E Dashed : Belle II
0.25 = 4 S
B 1 o confours _ .
0-2_| 1 1 | 11 1 1 | 11 1 1 | 11 1 1 | 111 1 | 11 1 1 | 11 1 1 | 111 I_ . .|.

025 03 035 04 045 05 05 06

" q R(D)
—Leff =?‘+"ﬁﬂ?I-'1",?,l}[{ T = (_"”-' )y C:,.H )

Vo, 51,52 T

o g8 ) oy (G108 )
+ Y. cEgrog],
N=

where the four-Fermi operators:

Di-ri-w ) _ (qy" PLb) (Fyu Prve)
OV = (" Prb) (7 PLve) .
OF™) = (qPrb)(7PLwx) .
Dgw ) _ (GPLb) (TP,
Ol — (qo PLb) (70 PLik)

[Details in Watanabe et al, B2 TiP theory]



Differential Branching Fractions

Results consistently lower than SM predictions

= ki by B Lh o =] G0 WD
L UL LB LN LILALE B LI L
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P 09 (2015) 179
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JHEP 06 (2014) 133
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= = ba
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=
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MR T [ 1
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Results

LHCb Preliminary low-g* central-g*®
R g0 0.660 * 3110+ 0.024 | 0.685 * 2113 + 0.047

95% CL [0.517-0.891] 0.530-0.935]

99.7% CL [0.454-1.042 | 0.462-1.100]

8 8
7 7E
6 6F
5 SE
4 4f
3 3E
2 2f
1 1

The measured values of R, .. are found to be in good agreement among
the three trigger categories in both g° regions



Cross-checks

» Control of the absolute scale of the efficiencies via the ratio

 B(B'—> KV (o )
Ty = B(Bn_;, K*”J/’Iﬁ! (-? 5+E_))

which is expected to be unity and measured to be

1.043 £ 0.006 (stat) £ 0.045 (syst)

> Result observed to be reasonably flat as a function of the decay
kinematics and event multiplicity

> Extremely stringent test, which does not benefit from the cancellation
of the experimental systematics provided by the double ratio

> Relative population of bremsstrahlung categories compared between
data and simulation using Be—K*J/y(ee) and Bo—K*%v(ee) events

HE & & 5 B
'n-l-s
|
| 3 S
EE

ru b b

Fraction of events [%]
Fraction of events [%]

—
=

it

=

11
I I LW I0F [OH Lo IOE IOH LA

oy Iy 2




NP or hadronic effect ?

Possible explanations for shift in C,:
a potential new physics contribution C;' enters amplitudes always with

a charm-loop contribution Cgéi(qz)

= spoiling an unambiguous interpretation of the fit result in terms of NP

New physics

b

NP e.g. Z', leptoquarks

cc loop g

hadronic charm loop contributions



NP or hadronic effect ?

Bin-by-bin fit of the one-parameter scenario with a single coefficient Cy"

[ W AItmannshofer et al, [ S.Descotes-Genon et al,
arXiv:1503.06199] arXiv:1510.04239]
of 0.5
N Em— |
Zucn I i
-2 |
3
4 | | |
0 o | 5 o 1DI | I15
q° [GeV?]

C," doesn't depend on q*,
C:°'(q’) expected to exhibit a non-trivial q° dependence

= definitely need more stat.



Tauonic B decays i

c T |
xI
Xﬁ
X

c I

>3
I
c O ¥

Botv
Gim.m? m>
BSM(B+—)T+V) == (1- ;)fz | Vubl Tp
8Tt -
2 2
2HDM (type II): B(B" =1 v) = Bgy X (1 —— )
m..
uncertainties from f; and |V, | can be reduced to B,
and other CKM uncertainties by combining with precise Am,
*
B-D"tv
2
m
2HDM (type II): B(B-Dt'v) = Gg 13 | Vg |*f(Fy, Fs, —tan’p)
M

uncertainties from form factors F,, and F. can be studied
with B-»D1v (more form factors in B-D tv)



B- tv status

integrated Luminosity [ab]

u.sai“”-ﬂ... .‘..|H..|‘.‘.Fi-valu9|_o
| 1 Flos
; BaBar semileptonic tagging 025 1 Mos
I.*{ T ! ey ] .
; (1.7 0.8 £0.2) 1077 3 [Hor
E 1 Fos
: BaBar hadronic tagging @ - Bos
l-*—' Fia ol PR o 0 7 .
g Belle semileptonic tagging (old) N B
l__.__] (I'.'J‘.l--[}i‘lﬁ+ll'.f."rl 10—4 Lo ]
: T -0.37 -0.31 s 06 07 08 0.4 T
sin 2B
Belle hadronic tagging 0 {19 Pvae o
[i"r-‘f :___' l\ 10) . 0.9
- o ? B 0:7
& : 0.6
T 0.10 — + — 0.5
n ° .
[arXiv:1503.05613] & [ 04
Belle semileptonic tagging (new) nos |- i |
I—*—' r T : ey 4 o 0.2
4 (1.25+0.28 £ 0.27) 10 [
CKM fit (1.25 ) - gm s
- | 1 000 Lo Lo bown b b b b en by 0.0
: : 3 4 © sin2p
B(B — Tv) (104
7 wof Rl = Rl i
91, " ;_\ Belle i  Projection _ Belle II Statistical EE‘!]."':ELE'I_’I'IilLiC _ Total Exp Theory  Total
" AN Exp.L =46 ab” ; (reducible, irreducible)
o 60F e .
; — Totsl ] [Vus| B — 7v (had. tagged)
501 Statstics - - _ - £ £
E B ; 711 fb! 19.0 (7.1, 2.2) 20.4 2.5 20.5
QF Theory (expeated) 5 ab~! 7.2 (2.7, 2.2) 7.4 1.5 8.1
2o ey s0ab! 2.3 (08, 2.9) 3.2 L0 34
20k 3 Vue| B — 7 (SL tagged)
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B-»> D" tv at Belle

projections for large M?. region, N(D<tv)~300, N(D tv)~500

miss
0
. B->D"tv B->D" v B>D" tv B->D" tv
2 . i - mB— D'ty - 1 B
£ 80, sook meooo | oo MB- o
70" i B— D*ly | B Dy
: wu. & =Et;;rDE;."(I} | W other BG
EGE [ ‘ BB Dy L W5 Dy
50+ : L
: 300; |,
40+ _
30 200}
20 !
] 100
10F
o g B 8 ek -2
: "
R(D)=0.375+ 0.064 + 0.026
= R(D)=0.293 = 0.038 + 0.015
8o SM
i m BaBar stat error only !
0.8 8 B'E‘”H — 4 3 SM: DTV g
05 e, [disagreement] wiith SM at 1.50]
‘ i L ‘_ . 3
04—
0 £
8 g
0.2 £ £
i
0. 1=
L] 0

D" with hadronic tagging:arXiv:1507.03233

F(GeV?)




Belle Collaboration, Phys. Rev. Lett. 118 211801 (2017

B P.(D") Measurement Method

1

dl’

T Acos6pe

1
= - (1+ aP(D")costhel)

_{ 1 fort”™ = w7,
~ ~045 fort™ = pTv,

T rest frame

i
! 1
'...I-"rT.l
E F
o,

=T

W rest frame

2E;Egq—mZ—m3

—F

Ba\_ g e COSBg =

\1:[1 2|lpcllpgl

P
\5‘"11.21
LA
\__/

T—T@ H'I..f‘rr.z
Pr o
By the Lorentz transformation,
e —}'1' _ -3
N |F1d|{3059hel = —PYEq + ]:|Pd|"3059m
T miimg ol B
’.rn]E-' my mr

Solving the equation, cosf},e is obtained



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 - -
4 _ _ — - — -
SM+ heavy Majve  PRD 66 (2002) 034008 109 1010 Ov 4] v (I=1)  /I=01)
0+ - - v/ (I=0)  /(1=0,1) - -
Non-universal Z’ PLB 547 (2002) 252 109 108 lepton-gluon —»Ogq _ _ / s _ _
SUSY SO(10) PRD 68 (2003) 033012 108 10-10 O3 v (I=1) v/ (1=0)
O~ - - - - v (I=1) v (I=0
mSUGRA+seesaw  PRD 66 (2002) 115013 107 109 o | - B ) o ) )
GG
SUSY HIQQS PLB 566 (2003) 217 1010 107 — lepton-quark |Ce|is, Cirigliano, Passemar (2014) ‘
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Dark Sector Physics

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

10‘2:

Initial State Radiation

&
e

o / 104:.....

#  Lepton Pair
or

,  Dark Matter \w 102
\ j

,

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

1072 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"




Mixing-induced CP violation
Remember B° » J/yKQ :

V. vV
o —p fd [_[ ) 0 /. | a— I | | ]
By ty At By :
b r I’_l* - - d DIEZ

Vi Vi

interferes with

=
in

Raw asymmetry (good tags)
=)

What about B°»yKoxn® ? Vie® Vi
I b
Bur 1A i Dy
Pt Leid

Vi Vi

interferes with right-handed component of

In SM mainly B’ K2 n° y, and B°»K2=" y, : K2’y behaves like an effective flavor eigenstate,
= mixing-induced CP violation is expected to be small S ~-2(m_/m,)sin(2¢,)



Constraints on NP from radiative B decays

At Belle II, expect significant improvement in the determination of A_,(t) in Kgnoy

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

* Expected errors for § measurements of K% and p%.

1 Mode |5ab?! |50ab? < S R R R EEE
s = 0.6 —— Balie 2006 ? -
e | |

T K% |0.09 |0.030 o E?IETL | :
R p%y 0.19 | 0.064 S | E

_ R . SvsAin B>K“y
T SRR e
IR IR I R 06 04 02 0 02 04 06
1{]-:-_" y g 3 a0l [ AR [ A E
10 L 10 10° 16c deviation with 50 ab1L.
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