Flavour physics
at Belle (II) and LHCb

''Recent results and discussions on their interpretation"'
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Karim Lala (doﬁ of Mumbai)

Lala is the original ‘don of Mumbai.’

The guy is the one who founded the country’s most notorious and
powerful criminal organisation called ‘'The Indian Mafia'. Lala was
France

born in-Afghanistan and despite being a gangster (like so many of

his fellows) he was kind to the poor and needy. He was mostly

involved with crimes like extortion .
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A rich physics program...

Studies of CPV in B and B, decays

b= s transitions: probe for new sources of CPV and
constraints from the b-sy observables

Forward -backward asymmetry and other observables in b->sl1'1"
Search for the charged Higgs in the rare decays B> tv, D" xv
Study of B,, B_, A, 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

Search for CPV and study of hadronic t decays

Light Higgs searches, DM searches...



Main actors in B physics

Belle _
e*e” collision 7.« ©
at 10.6 GeV

BaBar
e*e” collision
at 10.6 GeV

CDF
pp collision
at1.96 TeV 4

fi o,

... and DO

LHCb
pp collision

at 7 TeV
8 TeV
13 TeV
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(4S) B-factory :
Y (4S) By, B
* Y(18) \ i

energy threshol
for BB productio

b [
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" o 2 B's and nothing else !
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., =
LI
W

w2

R T eefmsmnei e - 0o ) B mesons are created simultaneously
9.44 946 10.00 10.02 llC\);:;SS (1(::2\7];’021)0.511 10.58 10.62 in a L: 1 Coherent State
= before first decay, the final states
contains a B and a B

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

''on resonance'' production
e'e” - Y (4S) - B)B,, B'B"

o(e'e" > BB)=~1.1 nb (~ 10’ BB pairs)

""continuum'' production NG w<c--._.._,__+ hadrons

o(e"e” —»cc)~1.3nb(~1.3x10° X_Y, pairs)

vt production also !



LHCb is ...




LHCDb

Calorimeters
{:FEIEI;? L scintillating fibres
i S, i Muon detectors
RICH1 ¥ K - 1D at high momenta g, effn’ I[:_ drift tubes
Aerogel and C4F10 radiators |/ / o N | inmge gD
Ki - 1D at low momenta ;f o S o M MS
/ Mugmet ICH2 M2 ll‘-. '-._lI
] T3 b
i e
RICHI
i i 1l
X rt 1 : _J_..-"'
7TTeVp : 7 TeVp ‘
(2010/11: (3.5+3.5) TeV)

L 2012: (4+4) TeV

“Vertex Locator” : | £
Silicon micro-strips | Daaa—teraa | | ||E | | | i
inside LHC vacuum chamber B |
trigger, vertexing, tracking ]

Four tracking stations .
Silicon strips, straw drift tubes St B

tracking, momentum reconstruction

o

fixed-target experiment




LHCDb

Tracking system
Measure displaced vertices and momentum of particles

e NN

ra / \\\ \\\

. / . // % X
Yyl \Q\

/
/ &
HCAL
ECAL M5
/ / SPD/PS Th \
| M2 -

agplt (ICH2 M1 il
T3
- T2
— IT1
RI | =
. A T ) —
rte
. Y /
o
‘ L1
Vertex and IP resolution Momentum resolution

o(IP)~24umat P, =2 GeV/c o(p)/p=0.4%-0.6% for pe[0, 100]GeV/c
Ogy ~ 16umin x, y o(mg) ~ 24 MeV for two body decays



LHCDb

Particle identification

Distinguish between pi Wl%tmns and muons
)

™
O\

\
\

HC
ECAL MS5
e /{L Ly M
M2 =

M1 N

Kaon identification Muon identification
€x~95%, e_,x few% €.=98%, €,,,=0.6%



Magnet RICH2 M M2 _
T3
T1T2 [ Software High Level Trigger h
RICH]1 //\ = 29000 Logical CPU cores
e i —
i IT — Offline reconstruction tuned to trigger
rte — time constraints
ogato
Mixture of exclusive and inclusive

LHCDb

Trigger system
Write out 5000 events/sec

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

HCAL

ECAL
/ SPD/PS M3

— I M 5 . B \__selection algorithms y

5 kHz Rate to storage

"
; ; 2 kHz e 1 kHz
— _ Inclusive
y = - — Inclusive Exchrsiva Muon and
O E/ , ‘ﬁ— Topological Charm DiMuon




Comparison Belle/1L.HCb

Belle
e'e"»Y(4S)»bb
atY(4S): 2B'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 X

B mesons live
mean decay length fyct~ 200 um

LHCDb
pp>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]

o,z [nb]

o:lo,

HERA pA

42 GeV

~30

~10°8

Tevatron

2 TeV

5000

~103

LHC

8 TeV

~3x10°

~ 5x103

14 Tel

~6x10°

~-10*

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

Opp/ 0, Much lower than at the Y(4S)

= lower trigger efficiencies
relativey long
mean decay length fyct~ 7 mm

data takling period(s)

11999-2010]
[1ab ']

[run T: 2010-2012, run IT: 2015-2018]
[3 b (5 fb ]

(near) future

|Belle II from 2018]

|[LHCDb upgrade from 2020 ]



CKM matrix and CP violation

d’ v, V.. R d
s | = Vb s

b’ Vid Vis b

Wolfenstein parametrisation in terms of A = 0.2272 4+ 0.0010:

Bl - 2 - 1 o AN (p — in)
N L2001 - 2(p+ i) - D5AR — LA%(1+ 442) AN + O(X%).

Al :1 — (1 - ‘.lg,lzzl [ — J.fllj] —-A\ - ‘.1!.-"\,5'14 1 —-2(p+in)] INW- ;.-"F;'uq

2 2 é

AZ_ |Vus‘ A'Z 4__ ‘Vfb‘ and ﬁ_l_iﬁ__ Vud Vub

o 2 2’ o 2 2 _ G

‘Vud‘ +‘Vug‘ ‘V{;d‘ +‘V{;g‘ V:‘.‘d Vf."b

o N\ is measured from |V ,| and |V | in superallowed beta decays and
semileptonic kaon decays, respectively.

o A is further determined from |V |, measured from semileptonic
charmed B decays.

o The last two parameters are to be determined from angles and side
measurements of the CKM unitarity triangle



Time—-dependent CP asymmetries

in decays to CP eigenstates
sin2¢, from B—f,, + B<>B—f,, inter.

=09,

A (f.t):N@ (t)-f)-N(B(t) )
v I T N(BO(Y)- )+ N(BO(t)~f)
Bf" "’i{ =SsinAm t+A cosAm,t
- \__‘Rk K
+ % oIma AP-1
. = ——— sinAmyt+ ——— cosAm,t
N >IN A"+1 A"+1
:j‘;‘ 'tF.d t "“h —i e _
Bb , il t i“_d BY -:\‘-Elk q A(EO—)f)_e—ﬁ%ﬁ
oVe T K P A(B'~f)

cA=0and S =-¢ sin2p for (cc)K;, (&=F1)

cA=0and S=sin2a for n'n" (if tree only)

f
y
C=-A




Measuring the CP parameters S and A

dP _ —|At]/y
dElg (At,q)= e4 (1 +g(Ssin(Am;At)+ Acos(AmyAt)))
Tp
Reconstruct B,
t, t /
| P
|
electron ' |
(8GeV) : _ :
> -{—pﬂsitrﬂﬂ‘--.B_E____L [ 1"a"lll-ll DEI FR*_
(3.5GeV) ‘ y \
e K
Flavor tag < L
AZ~200um H

Az~ CB Y A T | Effective tagging efficiency
€rag(1-2w,,,)° ~30%

tag




CC K a_l’]_d J/'[p K 772%10° BB pairs

(2]
o 3000} ' 3500 >
= CcP Odd + data @
% + All combined 3000 1 JPK,
Fit result - :

r [ — B Jy K 2500/ [ JAWPK X BG, K| detected

5 20001 g: - '4!(2EfK : B JIUX BG, other

et — - -

g - N ;5600 2000 Bl combinatorial BG

> | . = i

Q - sig -

1000 Purity = 96 % Y N “r 0041
I 1000 iy sig ™
ok Purity = 63%
e AR :
5.2 5.22 5.24 5.26 5.28 3‘3 % 0204 0608 1 12 14 16 1.8 2
M,. (GeV/c?) pE"™ (GeVic)

8 400f L:.’. ;

2 350| s 290 - BO

o 300} g 200/ - Bo

= 250} £ 150

o 200f T g

100/

150/ ’_T background subtracted

100} 50| ood tagged only
50| A o T
0= 6 4 2 0 2, ~ =
sin2p = 0.671 + 0.029 = 1 sin2p = 0.641 + 0.047
A=-0.014 + 0.021 2 ol " A =0.019 + 0.026
= 04 04F
o 474 7y g
& o2 % | 1 | k7 O%M Ilﬁ
-0.2 W | ‘ -0.2 i; ﬂ W
0.4} 7 -0.4 JF
-0.6| ol
oAt I sin2p = 0.668 + 0.023 + 0.013 uaaaimWorld s most precise meas'

-1 : . .
6 -4 '2At 4 (pAnchor point of the SM
A =0.007 +0.016 = 0.013 o still statistically limited !




sin (2 B)

sin2p in (cc)K’ ...

Observation of large CP violation

1.2

0.8

0.6

0.4

0.2

BELLE

0

in the neutral B mes«

' / PRL 87, 091802

Precise measurement of the
parameter sin2 ¢, in B° »(¢
PRL 108, 171802 (

N system
(2001)

| =(21.4+0.8) |

Critical role of the B factories in
the verification of the KM hypothesis

A single irreducible phase in the weak
interaction matrix accounts for most
of the CPV observed in kaons and B's

» CP violation
c)K’ decays
2012)

2005 2010




Measurement of CPV in B~ J/yK2 at LHCb

3fb!, arXiv:1503.07089

/OO T
3000 ZELCE

2500
2000
1500
1000
500
0

Reconstruct 41560 = 720 tagged
B~ J/yK¢ events with J/1yp->uun and

K»n'n in 3 fb™' (2011-2012 data)

Candidates /(1 MeV /c*)

Opposite side flavour-tagging mostly

5240 5260 5280 5300 5320
. o m (MeV /c*)
Magnet polarity reversed periodically

to help control detector asymmetries

LHCh

&
? 103
Need to correct for production asymmg_tryi{]2
at p-p collider (measured with By» J/yX') N
= 10 I g
(0(B°)—0(B) : T
AP — 0 0 1 Ly L TR i P
[6(B” )+o(B")] 5 10 15



Flavour-Tagging at LHCb

tagging efficiency £, ~50% Same side Kaon tagging
effective mistag  w,,. ~ 39% ) Calibration from B, —D.mt
effective tagging power E__HEI:I -2 th:l 2 ~24%
from b jet p
/K LUy I
L =
Same side ,?
primary vertgx

signal ~
proton proton

‘ 1""1..__ vertex-charge tagger
""».,.En:un inclusive vertexing

|
£

Opposite side opposite B

opposite
Opposite side tagging kaon tagger (K}
Caljbration from B, — J/bK*
: posifive leptons from
ﬁ“ﬁ lwl ml b—c—| cascade

tagging efficiency &, ~ 65% Analyses can either use average

effective mistag ~ w,,, ~ 39% or per event tagging information

effective tagging power E__,E(I -2 mnE:l t -3 0%




Flavour-Tagging at LHCb

tagging efficiency £, ~50% Same side Kaon tagging
effective mistag  w,,. ~ 39% ) Calibration from B, —D.mt
effective tagging power E__HEI:I -2 th:l 2 ~24%
from b jet p
/K LUy I
L =
Same side ,?
primary vertgx

signal ~
proton proton

‘ 1""1..__ vertex-charge tagger
""».,.En:un inclusive vertexing

|
£

Opposite side opposite B

opposite
Opposite side tagging kaon tagger (K}
Caljbration from B, — J/bK*
: posifive leptons from
ﬁ“ﬁ lwl ml b—c—| cascade

tagging efficiency &, ~ 65% Analyses can either use average

effective mistag ~ w,,, ~ 39% or per event tagging information

effective tagging power E__,E(I -2 mnE:l t -3 0%




Measurement of CPV in B~ J/yK? at LHCb

r(B)-T(B) S =sin2p
r(B)+r(B) C=0
A(t)=Ssin(Am,t) — Ccos(Am,t)

S=0.731+0.035 = 0.020
C=-0.038 +0.032 = 0.005

Signal yield asymmetry

= LHCD brings new information for B, CPV

07 —— T

Amd & Am € Kl
itter
Arnd La Thuile 2015
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0.0 PP IR /AP I B, PP R i
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<l

B=(21.9+0.7) | . _

0.4 g7

0.3F
0.2F
0.1F
O
—0.1F
—0.2F
—0.3F
—0.4 b

3fb"

, arXiv:1503.07089
L L

LHCbH | -

IS
/ E

— L7 .
T+f 3

.

10 15

t (ps)

sm(ZB) =sin(2¢,) s

PRELIMINARY

BaBar ;
PRD 79 (2009) 072009

BaBar
PRD 80 %093 112001

BaBar Jiy (hadronic) Ky

PRD 69 (2004) 052001
Belle :

—t—

H E

0.69+0.03 +0.01
0.69 £ 0.52 + 0.04 £ 0.07

: 1,56 +0.42 £ 0.21

0.67 £0.02 £ 0.01

PRL 108 (2012) 171802 : 1o

ALEPH : N 0.84 "8 1 0.16
PLB 492, 259 (2000) ; =

OPAL ; : P 3.20 78+ 0.50,
EPJ C5, 379 (1998) ; o *
CDF : : : 0.79 *3:41
PRD 61, 072005 (2000) | ‘" o
LHCb ! L, 0.73+£0.04 +0.02
arXiv:1503. 07089 : :

Belle5S i : : 0.57 + 0.58 + 0.06
PRL108 (2012) 171801

Average : 0.69 +0.02
HFAG :

-2 -1 1 2 3



CPV in B, J/y¢ at LHCb

-V, .V
) arg( ts *tb)
Vcsvcb
LS
— NN
9 o b B, TRAL
Mixing B, ty At By * Decay
W (o D,
5 —— NN —— J M —
th Vta Bs
Tag initial flavour and measure decay time distributions,
then essentially the measurement is of: .
. E Simulation
sin(d,) X D(oy) X (1 -2w,,,) x sin(Am,t) with 10xSM

value for o,

CPV phase Decay time Mistag B, mixing |
¢, =Py -2P, resolution rate frequency 2

T[rrrt LB N |

In SM, CPV phase is small ¢, ~—-0.04 rd

_.T"I"__l"l' L

Decay time (ps)



B> J/ypo

3fb !, arXiv:1411.3104

o 15000 .+ & 10 L o
— - LHCb 1 o LHCb =
L B N ': ] -
= : ] T W0E E
< 10000 |- 1 8 :
= i 1 = W0°F "~ =
g 1 £ - :
Ef 5000 |- 1 S 8 cP-even
= - = lé— CP-odd
= - AR, S i - S-wave (KK)
[:l [ NR M =) L 1 1 [~ = e e L -1 1 L L l 1 1 1 1 1
5300 5350 5400 10 A 5 10
m(J/yw K'K) [MeV/c?] Decay time [ps]
t>0.3 ps
Reconstruct 95690 + 350 tagged
[ =Ty+T,/2

B, J/y o events with J/y->uuw and

— -1
ooK'K in 3 fb1(2011-2012 data) = 0.6603 = 0.0027 = 0.0015 ps

consistent with previous measurements

Combinatorial background is flat



CPV in B_» J/y¢ at LHCb CP-even

(3 fb ', arXiv:1411.3104] CP-odd

S-wave (KK)
mixture of CP eigenstates = angular analysis in helicity basis

“ 3500 —r—r——— T

= 3000 B2
& -
S 200E
T 2000F iaate
S 1500F S
1000 E- S ey
S0 -7
I:.fI: = i
g

==
&
=
=
en

5 3500 g 5 Sl
S wmf LHCh § S 3oo0f LHCh 3
é 2500F- MW E E E”DDHMW
Z oo g — zo00f 3
E smE 7 T~. 3 £ 1smE_~ e TS
- -, 4 = = ]
1000 B >4 G 00E. L. P
sonf- T L ;:ul:ll:lz— S I
Y 0 a5 ! E 0 2



Results for B.» J/y¢ 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™"

: ..................... CPS(SM) — _0.0363 t(())(())%lli I"ad
0.14} HFAG &
| |
— 0.12 68% CL contours |
| (Alog L =1.15) ]
3, |
— 0101 |CDF 961 _
L‘ L
<1 508l P, = —0.010 = 0.039 rad
ot ! [combined with J/ymx]
0.06}




J Ky (28)KS, %Ky, D*D~.D*D” 0K, K*K K,
-0 il * * | | - -
NKs,J WK, Jhyn®, D™D KeKIKIm'K®, Ko,

e PR T
JyK (K" —=>Kgn™) mﬁfg,,_ £ (980) M}'

increasing tree diagram amplitude
—

increasing sensitivity to new physics



sin2f with b= s penguins

£(980) K"

_______________________________________

-0.1 0 0.1 e
Theory uncertainty on A § =ASSM

M QCDF Beneke, PLB620, 143 (2005)

SCET/QCDF, Williamson and Zupan, PRD74, 014003 (2006)
B QCDF Cheng, Chua and Soni, PRD72, 014006 (2005)
B SU(3) Gronau, Rosner and Zupan, PRD74, 093002 (2006)

sin(2[3eff)

dominated by
B-factories

(zqﬁff) HEAG

PRELIMINARY
b—>ecs World Average H' 0.68 £ 0 02
o K° Aveqage * 0.74 1513
n'K Averiage Hh-' 0.63 + 0.06
K Kg Kg Average ol 072 £ 0.19
n° K Aver:age * = 0.57 +0.17
p’ K Aver%age * = 0.54 *8 2
o Kqg Avelérage + é).21
(Ks  Avetage —H— 0691310
K"K K Aveéage '—+—' 0.68 21*8;?8

-0.2 0 0.2 0.4 0.6 0.8 1

More statistics crucial
for mode-by-mode studies

= Belle II
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e
[S]
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o

B2 oo

LHCb

[Ldt=1fb"

Candidates / (4.6 MeV/c?)

[
<

AN

Pull
[\_)leowh

5

o 4000 signal events

~
TN

Bt i m; i ;'i i,

I s

1 1 | 1 | 1 1 1 1 | | 1 1 1 | | 1 1 | 1 |

50 5300 5350 5400 5450
My o~ IMEV/c?]

larXiv:1407.2222]

b-sss loop process

[a—
-
[S¥]

Candidates / (4.6 MeV/c?)
—_ S

Pull

4
0
e
4
2

- II|I\II‘IIII‘II\I|II
5250 5300 5350 5400 5450

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

m [MeV/c?]

K*'K'K'K~

¢, (cCs)~—0.01 + 0.04 rad
¢.(SM)=—0.0363 00012



y measurements from B*» DK* y=g,

o Theoretically pristine B —» DK approach

> Access y via interference between B~ - D°K andB™ — DK~

1l KT
color suppressed
B -D’K ~V, V.
~AN*(p+in)

color allowed
B -D°K ~V_,V,,
~AA?

relative magnitude of suppressed amplitude is rg

S
_ | Asuppressed | - | Vub Vcs |
- k
| Afavoured | | Vcb Vus |

ry X |color supp]=0.1-0.2

relative weak phase is y, relative strong phase is 65



y measurements from B*-» DK*

» Reconstruct D in final states accessible to both D° and D"

— D =Dy, CPeigenstatesas K'K ', n'n, Komt©
GLW method (Gronau-London-Wyler)

— D =D, Doubly-Cabbibo suppressed decays as Km
ADS method (Atwood-Dunietz-Soni)
— Three-body decays as D-»Ks ', KiK'K™

GGSZ (Dalitz) method (Giri- Grossman - Soffer-Zupan)

o Largest effects due to

— charm mixing } small, can be included

: . Y.Grossman, A.Soffer, J.Zupan
— charm CP violation 'PRD 72, 031501 (2005)]

- Different B decays (DK, DK, DK")

— different hadronic factors (rg, 65) for each



ADS method measures ¢, via the interference in rare
B™ - [K'n ], K decays

E] Vub
~ - Cabibbo
B W favoured
- D decay
U
colour —
U
suppressed
VUS u.—-"."'- VUS S_--'."'
e | K~ « | KT
W_EE& HE"‘*‘ W_§§ Eﬁh‘"*" doubly
b o c c o d Cabibbo
& . ——& . ) suppressed
B_: I| Vcb _.I'I_j'l‘] Vcd | :I 7 D decay



ADS rate and asymmetry (relative to the common decay):

favoured L u suppressed 5 -
b " DY KT - | |K- = |K*
oS WS s WS u
B '-._\ ) W & _—F g; 8 i ; S . e S P
g > <l B -
a~UK~ “

=4

( |
v i

 T([K*+n ] K-) + T([K—nt] K+)

Rpk =
common . I(([K~nt|K~)+T([Ktn— | KT)
l-.fi._'E---_ﬁ K f’ﬁrﬁ 7r+ W
s 5w d
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Sensitivity to y in B»D(K nn)K mode

sensitivity to y/¢, varies across the Dalitz plot
y=75,6=180", rz=0.125
w=1/(d*L/dy?)
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GLW like
Interference of

B —-D°K~, D’-K2p’
with
B —-D°K", D°-K2p’

ol

m2 (GeVich
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1.5 I

ADS like
Interference of

B -D°K , D’5K ™ '™
with
B -»D°K , DK™~
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p-value

p-value

y angle in the global fit

measurements from B » DK
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Rare B decays

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




B 2 up: ultra rare processes...

loop diagram + suppressed in SM + theoretically clean =
an excellent place to look for new physics

B)— putyp~ B)— ptp~
b pt b W+ T
_|_
R A B v
W-
s - ) W- .
B — ptp B)— ptp
b pt b X+ pt
Xtyo0o » - Ty
B a/)f< B" ¢ v
sy
s " g W- e

higher-order FCNC
allowed in SM

B(B,~»u'u )=(3.65+0.23)x107°
B(B;~»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)
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B ?up: ultra rare processes...

= \ 4

B U T ———

= * A

- v W

= x X

B * S

§_'f-“a’ _____________________________________________________________________________________

= | X CLEO /\ Belle

= % ARGUS [ ] BaBar

— | VV vA1 BB LHCb

= | Yr¥¢ CDF ¢ ¢ cms

E | YV L3 { ATLAS

— | AA DO @®® CMS+LHCb

= 1 1 1 | ] 1 | 1 ] I | 1 | | 'IT ' ] ‘"I ""I 1 ] 1 1 ""I" "Ir I ) ';""" ' 1 I""|

1985 1990 1995 2000 2005 2010 2015
Year

"'I'm too old for limits,
I want to see signals"'
(Francis Halzen)



Combination results B »p " p ™ [arXiv:1411.4413]
2, published in Nature

CMS and LHCb (LHC run 1) 6 most sensitive bins
oc®E=r 1 1 T T T T T T T T T T T
= —4— Data ]
2 "I = Signal and background ]
S »C [P Ty 7 _
o Foww 1 | B(Bg»u'u)=(2.877¢)x107
2 10 — ==« = Combinatorial bkg. 7
% o N N A Semileptonic bkg ] first observation: 6.2c¢ significance
8 = == Peaking bkg —] _
8 1 | B(B%»u'u)=(3.9"1%)x107"
l l. ‘l. E first evidence: 3.0 significance
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rare ? not that rare...

CLEO observation of B»K" y [1993] s [383 MBB]

3071094-008
| ’ | ’ | ’ | ’

> 700
CINed:
= 600 |
- gsooE
*5300;
200}
W 100 F

} 4 0
5.20 5.22 524 526 5.28 5.30
M (GeV / %)

Sensitive to NP

[arXiv:0906.2177] :

9;”9;1:-»_,%

-0.3 -0.2 -

0 01 02 0.
A E (GeV)

[arXiv:1209.0313], 1 fb !
. N ;N\ LHo
G 10 T ™ @

g 0¥
S

4500 5000 5500 6000
M(Kmy) (MeV/c)



NNLO SM calculation:
B, (B>X_y)=(3.36 +0.23)x107"

(for E, > 1.6 GeV) .
M.Misiak et al.

[arXiv:1503.01789]

(central value increased by
6.4 % compared to 2007 value)

PRL 98, 022002 (2007)

The lower y energy threshold, the smaller
the model uncertainties in SM, but the
larger background in measurement

Sensitive to NP

Charged Higgs (2HDM Type II) bound

0.4

3.8 4 4.2

BI[x10%]



high P lepton
6 GeV<Ei<2.20 GeVY

SM: A(B2X_,,y)=0 to order 10°°
[ Hurth and Mannel, 2001]
NP: A, (B»X_,,y) as large as 10%

& A BaBar Recoil tag : : : : :
3 366285260 IPRDD77,051103 | oo epton-ag
1 W PRLLLY, 151601 —i— +(2.2:3.9:0.9)% \
[ —— 1 BABAR Inclusive 2015
: 300+£14220 ] PRD.D86,112008 CLEOleptontag | e (-7.9+10.8:2.2)(1.0+0.03)%
: N PRLEE, 2651 (0]
= ® 329+1 948 | BABAR Semiinc | Xs+d
PRD.D8&, 052012 BABAR I
= B ' PROTT, e “ ¢ (10+185)%
. (2008}
- — i 321+112+1¢ | Belle Inclusive BABAR leptontag
— = PRL.103,241801 PRL109,191801 (2042) [~ —— -(>-726.0:1.8)%
- ] Belle Semi-inc
i = 251217232 Jppp po1,052004
3 1
B W '”]'E' fﬂ]-}?* > 1 QGE-\-‘F Belle semi-incl 245 (+3.01% \
A oy - PRLO103B03 (2004) [ bt -0.245.0:3.0)
>1. : <\ BABAR semiine!
at :E:y 1.6 GeV 6 ‘?ﬁf'. F_F.:g[.lc.ggl?:l'_m =1 1{1-?ﬂ.gilﬂ:l% > XS
B(B»X,y)=(341+ 15 + 4 (extrap))x10™° @4 SM A(B-X )
-6 | 1 I L I
= -+
BSM(B_)XSY[)M (31?6 _123)XX 110503 01789] 03 0 ot b bl
isiak et al, arXiv: .
ACP(BQXs+dy)

For charged Higgs in 2HDM Type II
M(H’) > 540 GeV at 95 % CL

= limited by statistics: Belle II...



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

o electromagnetic penguin: C,

Amplitudes from - vector electroweak : c, may inte‘rfer.e
o axial-vector electroweak: C,, w/ contributions from NP

Many observables:
Branching fractions
Isospin asymmetry (A,)

Lepton forward -backward asymmetry (A.;)

(@]

(@]

(@)

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



Situation pre-LHCDb

o Channels: K»K'n ,Kea",K'n’,l=eoru

B->K'1'1" decays

illustration: g* €[0.0, 2,0] GeV?

7>
</l
BELLE

[arXiv:0904.0770]

Everts { 0.25

14 F

i~
A
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D - D E_ 1 | 1 | P |

) 5.2 5225 525 5275 5.3
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BE S wf
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e g 9
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E | 2F Al
ai_.l I T W T 0 0 TR U TR R L
-1 075 05 025 0 025 05 075 1 -1 075 D5 025 0 0325 05 075 1
cosd,. cosly

[ 3FL(1 — cos® Op) + 2(1 — F1)(1 4 cos® Ogy)
+Arpcosfpe | X e(cosbpy) ,

| | ..?...4...6..-8
[ 3F1 cos® O + (1 = FL)(1 — cos® fc-) | x e(cos O-)

1012 14 16 18 20
q°(GeV?/c?)
R, =0.83=0.17+0.08

Ry =1.03+0.19 £0.06
Ry =1, R}* =0.75 (photon pole !)




Angular analysis of B) »K u'u~ decays

k _ .
o Channel: B»K 0(-)K+TE )MM A0 [arX1v:1512.04442]
— g e
ot 18F - i preliminary
% = I
£ s —
2l
‘ ‘D- d . & " | N
; ' '5_!5_' L '5|_|5.' e 2200 3400 ) ) 260 r

S— M 5 ) [GeVIeT] n:r[KI" ) [MeVicd]
= LHCb :
= " poliminary | O€lection:
= 600 VR B . . .
= [ ' BDT to reject combinatorial background
. 1 Veto of resonant modes (control modes)
5
S | :

. 1 2
“aor ~ 2400 evtsdin the full g° range
r_:l = o L i - o ek

T 5600
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]

g ) ) )
o F,, Agg, S, sensitive to C,, C,, C,



Angular analysis of B) »K u'u~ decays
larXiv:1512.04442 |

o 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
larXiv:1512.04442 |

: . S
o Form-factor independent observables P, = >
T 1 —— \/FL(]'_FL>
L = -
) LHCb i
0.5[ preliminary .
:;P—}‘ SM from DHMV 1
: i R LHCb g
B + - U.S%Ll preliminary _:
0.5 , ] , _ %~ SM from DHM\-’E
z T —+ =
1 | ol ] -0-5_
0 5 10 15 Jﬁ: _%_—’F%
’ r

g |GeV/ -

7 [Ge\ 2/ 4]

- Tension in P, seen with 1fb " is confirmed

> Local deviations of 2.9¢ 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 ¢



Test of lepton universality using B"'»K"1"1" decays
arXiv:1406.6482

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

O

3 A L — Ty o
,I"QF““’" dr[B(BT K tutyu ;dqi
q
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TIEL T dqz
> SM prediction is Ry = 1 with an uncertainty of O(107°)
o Measurement relative to resonant B- J/yK modes
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Test of lepton universality using B'»K'1'1” decays

[arXiv:1406.6482 ]
< 300F ﬁ}r LHCb 4 = 40 LHCb -
o Bt s putp-K+ o= . Bt — ete— K+]
= bt | 2 —
~; 2001 I - Full At 1 = I - Full Bt .
; i II % B Comb. background - --.:" ED;_+ + I|I N Comb. background —: . - —
oA i 4‘ | ] z B ' Part. reco. 41 q° € []1 E'l '::'l.'“lllr'l'_."li.‘1
100 [ | 1 = 4nk i
E - - = 10 | Electron Trigger
3 n,iﬁ—-m I ° :
2200 2400 ab00 2000 5200 2400 2600
m{K ) [MeViE] m{R"ete’) [MeV/c]

R, : ratio of branching fractions for dilepton invariant mass squared range 1<q*<6GeV?/c’

-o-LHCh —g-BaBar - Belle

- The combination of the various trigger» 7 7 T[T ]
channels gives: : y
R, = 0.745 "7, (stat) = 0.036(syst) ' E
- |' -
o Most precise measurement to date isin '} R ( 51%/'}”")1— %
disagreement with SM at 2.60 level oo K .
[ _l.l'l':.'-':: FPRL 113, 1 B8] | __

compatible with SM predictions I

. . .. ¢ [GeV?/c!]
Lepton Flavor Non -Universality ? effect is in pu, not ee



N,

Tauonic B decays

c T |
xI
Xﬁ
X

c I

>3
I
c o v

BoTtv
Gim,m’ 2
Boy(B o v) =~ B (120 |V, [P T
81t -
m?> 2
2HDM (type II): B(B" -t v) = Bgy X (1——tan’)
M
uncertainties from f; and |V | can be reduced to B;
and other CKM uncertainties by combining with precise Am,
%k
BoD"tv
m>
2HDM (type II): B(B-»Dt"v)=G{ 1, |V, |’ f(F,, Fq, m—thanzﬁ)
.

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



Event reconstruction in B-otv
B,,—TV
(70 % of all v decays)
To€eVV, Uvyv,

Btag

0
TOTV, TTTC V, 3TTV

hadronic tag
B— D", Drho....

; : e ~0.2%
Require no particle
and no energy left semileptonic tag
after removing B, B-D"1v X

and visible particles of B,



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
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I—*—' r T : ey 4 o 0.2
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: : 3 4 © sin2p
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o 60F e .
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B_) D(*),c,v R(D(*))Z B->D%¢v

Babar and Belle measurements hint to deviation from SM

Belle 2007 T
BABAR 2008 |  #———+ e
Belle 2009 - s | — o
Belle 2010 et f———e
BABAR 2012 -o—t A
02 04 06 08 03 04 05 06
R(D) R(D")

BaBar (arXiv:1303.0571) observes a 3.40 excess over SM expectation
'''This excess cannot be explained by a charged Higgs boson in the 2HDM type II"'

= 03F
=

06

0.4

02}

0 0z 04 G 0E

tanf /m . (GeV—1)



*) -
B = D TV at Belle [arXiv:1507.03233]
(with hadronic tagging)

projections for large M2 region, N(Dtv)~300, N(D tv)~500

B->D"tv _B—>D0'cv B->D " tv B->D" tv
au; - o ii =EZ§:? 25;— ' 1000 IEZ ET: |
o : + -B:’ DEI-"(I} 20/ [ [ other BG I
Eﬂ 400 ‘ =th_fr]_)**w i .E—) DFHy
50 : 151 B

300 s,
40F i
< p
2 100 a0
1D;— - L
o e I T Bi-f & & -2 0 & 4 &
. Opp O Oy
R(D)= 0.375 + 0.064 = 0.026

5 o s | R(D")=0.293 + 0.038 = 0.015
i m BaBar stat error only !

08 ® Belle E ‘ SM: Dty :

05 sRIFREEER s, _ [disagreement w m

0.4 " , ‘

0

02 %

0. 1=

0 Lovwo Lol owvnbven by leveyl

L] 0.1 02 0.3 0.4 05 0.6 0.7

F(GeV?)



larXiv:1506.08614 |

B->D *xtv at LHCb

B (EG — D"t (uv,v, )17,:)

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

R(D") = e I — ) !
B(B° —D"uv,) N(D*tv)/N(D*uv) = (4.54 + 0.46)%
B(t>uvv)=(17.41 +0.04)% —— Data
B E — D'ty
_ N N — B — D*H_(— hX)X
< AT Iz GVt LaCh ] = 40008435 <q? < 1580 Gevc! = o D)
L - 1 = - B B — D'uv
& 3000 q = 3{][}[}:_ Combing:c:rial
% 2000 E % ZUUUf— e hflﬁldentlﬂed T
W C 1 E C i
S 1000F 3 E  1000F 3
= - 7] © " .
(3 él St - =r.r1 ) R T e s
S e E e R E £ P e ]
8, ,I0 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
X 1NT o
(Hadronic Tag) [arXiv:1507.03233]
LHCb Runl preliminary . R(D)=0.336 + 0.027 + 0.030
Cootopw |disagreement with SM at 2.1 o]
01 015 02 025 03 035 04 045 -
Standard Model R(D [arXiv:1506.08614 ]

(Fajferetal 2012)




Summary for B D" tv

)y _ BF(B_)DTVT)
= R (D ) — BaBar
BF(B->Dlv,)
R(D) = 0.440 + 0.058 + 0.042
R(D’)=0.332+ 0.024 + 0.018
— 0_5 [ 1T T T T | T T T T | T T T T [ T T T ]
* . = BaBar, PRL109,101802(2012) 2 -
a - === Belle, PRD92,072014(2015) Ax"=1.0 4 Belle
v 0451 LHCb, PRL115,111803(2015) 7 |R(D)=0.375+ 0.064 + 0.026
= Belle, arXiv:1603.06711 - ¥
U 4 B — HFAG ﬂ\-’ﬂl‘ﬂgﬂ, P(xZ) =67% 7 R(D ) == 0.293 + 0.038 + 0.015
E — SMprediction i R(D')=0.302 + 0.030 + 0.011
0.35— 4 LHCb
_ : R(D")=0.336 + 0.027 + 0.030
0.3= =
- - average
0.25 RD) PRDQ;S%ID(ZDIS) R(D)=0.397 + 0.040 = 0.028
R(D*), PRD85,094025(2012) o 21 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)

= more measurements to come, more observables (t polarization...)



Exotic states

definition of exotic: very different, strange, or unusual

'"exotics'': new states of matter beyond the simple quark picture
(tetraquark mesons, pentaquark baryons, glueballs on hybrid states qqg)

short-lived ~ 10 *°s ''resonances'' whose presence is detected by mass peaks
and angular distributions showing the presence of unique J°° quantum numbers




Exotic states in B decays

Cbolor-suppressed B deca
- ‘ for-
‘ @J v,w',

- o, from Ryan Mitchell
\ _I:'i’Sq | 4
W\‘ Ner At = ) X(Ps)
N RALE ) ER, [xer(@Py)
O+-’ 1--} 1 ++ o ‘ 42 - Yeol39Po)
T 40 | [aesy 25
3 )
3 - : ¢ [ e
_ . . ¢ 38| [x:cf2%P0)|
Brs~10~? (inclusive) g o B
a6 | @S]
[@':"“““"’“}
. -3 e1s
B mesons decay with a ~10 "~ probability ol —
to cc and K" —
= reconstruction with low bckg T prodeied, dscovred
PC . JAp(138) predicted, undiscovered
= ]~ from angular analysis ‘o
0+ 1= 1+ o+ 1+ 2+
JFC

Many charmonium states studied this way
many exotic states also: X(3872), Z(4430)...



Z(4430)

oIn B=>y'n K', peak in M(y'n)
unusual feature

150.07 Gay

M) (Get?

o first observation by Belle:
[arXiv:0708.1790]

M = 4433 + 4 + 2 MeV, ; .

I =45 193 MeV b

MA(Kr) (GeV?)

= charged charmonium state must be exotic: ccud content
- challenged by BaBar: explanation in terms of K 's[arXiv:0811.0564]

o Belle (re)analysis using full amplitude fit: [aI‘XE/': 1306.4894]

M = 4485 +22 % MeV, I' =200 *}; *2> MeV

J¥ = 1" favored over the 07, 17, 2" and 2°
(by more than 30)

Events / 0.17 GeV/c"

projection of the fit
results with K* veto

M (' ), GeVeic*



Z(4430)* [arXiv:1404.1903]

i _ Argand dlagram clear and large phase change
in B>y'n K

-'éo.z— LHCb " Low :Z mass b
o LHCD analysis also uses full amplitude fit: B
(full 4D fit to both K'»K =" and Z»vy'n states) [ B , ]
1igh Z mass
M=4475 +7 "> MeV, =172 +13 "}, MeV 02 —
J" is determined unambiguously to be 1° [
04~ —
) J 5 S T T T Y Y I T T
-0.6 -0.4 -0.2 0 0.2 -
= Z'(4430) appears to be viable exotic tetraquark ReA
" e AL s I
T ot Z10°F 17
O o F 1 K'(890)
S S10°E 5 total S-wave
Z 500 7 et EK*(1410)
Z o7 5 10F 3K (1680)
s | A =41 K;(1430)
W L 1 r;
I ~ 13 background
) Eﬂ 13 backg

5 1 15 2 25
2 [GeVY]



A2 ]Iy K p _ [arXiv:1507.03414]

\et) C = F LHCb

5 = E} Ihp ~ 6000 -

Aﬂ{ u+\5 2 5000 3
d"\ﬁ } A Z 4000 3

o Large signal found 2000
> A, lifetime measurement  1o0f

('

within 2 ¢ of peak
26,000 signal®events
~ 5% backgr

tAb:(1.482iO.Ol8iO.OlZ)pS of
larXiv:1307.2476]

A's

LI I I P I I I I | I I I I | LI I I

LHC

g,
Lm
i
-
2 v
:
\
L

unusual feature

1EI||||I||||I|||I||||I|

5700

m [MeV]

can interferences
between A" resonances

generate a peak in
the J/¢yp mass spectra ?



Observation of J/¢y p resonances consistent with
pentaquark states in A)» J/y K™ p decays

decay amplitude analysis incorporating both [arXiv:1507.03414]
decay sequences: A,? J/IYA , A K pand A,»P. K, P:>J/yp

use m(Kp) and 5 decay angles as fit parameters W z LE}K_
= Best fit with J' =(3/27, 5/2") ﬂ[’}{ﬂ—h—-...______,_g}ﬂg
(also (3/2", 5/27) and ((5/2", 3/27))) d — > d

2 = 30

2o 4@ LHCb — bpf;;kdqgﬂ-:-;rd £ 700

= " —m P{4380) 7

E 1600 A ——-- A1405) = &0

o i g o

AUTETO)
..... A{1690)

k- A(1800)
-—B-- A{1810)
T T A(1820) 300
. -"aq. A{1830)
----- A1830) 200

- A[2100)
..... A(2110)

' E_ of Wigner _
—D.SE—
Biieiliieel NP N
h e
{ = ':f' Tan oty JY F
U [ I ] 100 e il p il :_ E
200 ; Fhk o o= ? i "_ e ; E ) !
L S T . e T 3 ;
I?.d 1.6 1.8 2 2.2 24 26 4 4.2 4.4 4.6 48 3 R s Ll S —
E Breit- |
Mg [GEU] m_n',l.‘_._:l [GE"H"] E wigner | \
E Pcil4380)

Mass (MeV) Width (MeV) fit fraction (%) X -\
4380+8+29 2050+18+860 8.4+0.7+4.2 90 ¢
4449.8+1.7+2.5 39+x5+19 4.1+0.5=1.1 120 ey

ok




Summary

Few results on CP violation and rare decays in B sector covered
in this talk... but much more in B decays, also in charm,
charmonium, bottomonium, light Higgs, t, kaon sectors...

Almost all analyses of LHCb run I (3 fb™') completed...

Definitely not only complementary, but competion between
(super) B-factories and LHCDb:

— for the expected: results on B ~uu, B>K'uu, B, J/y¢, yangle...
— for the less expected: results on |V |, D tv...



2000 - 2010 decade : B-factories era

= experiments designed for p extraction !

Luminosity (fb™')

cumulated stat: >1.4ab™’

1400 |
12 Observation of large CP violation /
f— ’ in the neutral B mes¢n system j
= / PRL 87, 091802((2001)
[7]
08

!
EEEW
-

06 | 4 & ' /
04 | w

s Precise measurement of the¢ CP violation
1 parameter sin2 ¢, in B’ »(qc)K° decays

02 | & PRL 108, 171802 (R012)
2000 2005 2010 /_/
b /f__ﬁ
2000/1 2002/1 2004/1 2006/1

= competition is good... (for us)

!

!







Integrated Luminosity {1/fh)

2010 - 2020 decade : LHCDb era

[(years)

LHC era

Runl Run 2
(2010-2012) (2015-2018)

Integrated
luminosity

Instantaneous
luminosity

|

3 fb? Bfb? |

|

4x 10* ecms? :

|

> |

Current LHCb |
LS2

LHCb Integrated Luminosity in pp collisions 2010-2016

18

1.6

2016 (6.5 TeV): 1.00 /fb
2015 (6.5 TeV): 0.32 /fb
2012 (4.0 TeV): 2.08 /fb
2011 (3.5 TeV): 1.11 fib
2010 (3.5 TeV): 0.04 /f

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signhatures

450 kHz 400 kHz 150 kHz

. Software High Level Trigger

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events to disk, perform online

detector calibration and alignment

Full offline-like event selection, mixture
of inclusive and exclusive triggers

r I 5




2020 - 2030 decade : LHCb-Belle Il era ?

LHC era HL-LHC era
ﬁ
Run Runl Run 2 . Run 3 Run 4
[*,rears} {IDIB-IDIE:I {IDIE-IDIB] ' {IDII-IDIS] IIDIT-IDEE:I
Integrated I
luminosity 3 fb? Bfb? | 25 fb? 50 fb?
Instantaneous :
luminosity 4 x 1032 em2s? : 2% 10¥ emst
|
Current LHCb [ Upgraded LHCb
LS2
LHCb Upgrade
LHCb Upgrade Trigger Diagram
UT + SciFi RICH + Calorimeters + Muon system 30 MHz inelastic event rate
‘ Track_ing 2 PID (full rate event building)
momentum .
-Software High Level Trigger

Full ewvent reconstruction, inclusive and
exclusive kinematic f geometric selections

........

Buffer ewents to disk, perform online

detector calibration and alignment

Add offline precision particle identification
and track quality information to selections

Output full event information for inclusive
triggers, trigger candidates and related
primary vertices for exclusive triggers

w L L

VELO
Primary tracking T T o S
& vertexing " I R R T T i I T N R

2-5 GB/s to storage







Mixing-induced CP violation

Remember B’ — J/pKQ:

Vie Vi
| > td = th >

Raw asymmetry {good tags)




Mixing-induced CP violation
What about B’ —yKam’ ?

L.-“_ : I’ lr H L;- g
ff _.-_{-_I I_IT_!lb_b._ h F) h I f. h P
B d A A t I ol i :
b —4— 1_1 —4— d

Ve Vi g

Interferes with right handed component of

[y

In SM mainly B° -K2 '’ y, and B’ - K2y,
Ko’y behaves like an effective flavor eigenstate, and mixing-induced
CP violation is expected to be small S ~-2(m_/m,)sin(2 ¢,)



* 0O 0 ' _
Bo>K (KS T ) y time —dependent 'dece'lys rate of B>f .y
S and A: CP violating parameters

In SM, the photon from b-svy is (mostly) lefthanded (polarized).
= Mixing induced (time-dependent) CPV does not occur in B=>f_,y

SM favored SM disfavored,
enhanced with RH current
L r} YR
bR bL
helicity fi
- . S R \ ;ff;fc/?, 7
St ) Q}r@ey Sk
@ SR St
bf_ / bR
%\/\’YR ”

SM: SXY~—(2m./m,)sin2p ~ —0.04
Left-Right Symmetric Models: ng’ ~ 0.5
[D. Atwood et al, PRL 79, 185 (1997)]



CP violation in B> K’y

Aim to measure the time-dependent CP
asymmetry in B - K (Kgm")y

> Select B’ K"y events with K" - K"
and K—mt'n”

> Get rid of B’-K n’ background

Entries / (0.0025 GeVic')

o Measure time by intersecting the K 52 Bof 504 506 528 5.3
. , 21
with the beam line M, (GeVic”

|
]
i
ra L
| I ==
p— r—
—I.—*—I_

=
1
(L
. - Ty
Beam intersection method o
B? - K"K n?) y |(5 - T’ = s} | |
¢ AT FACTION Fegion 2 f‘mb i f I + ‘i 4
_[:I- Ild_‘: _}j I: ................
] * 04 02 0 02 D4
"'J, []J.‘ AE{GaW)



* 0 0 ' _
B_)K (KSTE ) y “%:100_ 1 %1007
time-dependent CPV 5 2
2 50 R 50
Ks trajectoryx /’ g G // g
= I . // ....... b | \ [N B
2 1P pl’Oﬁle 82 522 524 526 528 5.3 02 01 0 041 02
mgg [GeV/c] AE [GeV]
: 0 b—sY S
control sample is J/¢pKg !! TSc¢p _CKM 2014
% (167 MBB] 7=](535 MBB] G o S
elle e -0.32 7033+ 0.05
H[arXiV:0807.3103] vl [ hep-ex/0608017 k ZseDr;SeQZO%)W&g ] : o6t 020
HFAG Carrelated avErage I
% Rt = 7 - PTELCILIELEI R FEeh et ¥ SETCITEICI I R
Cer K*YScp vs Cep % .. PADYs (2008) 07 1A' 0'1;7‘0'26‘0'03
' . BaBar ® BRI74 (2006) 11 110y 01020312007
elle X ' L - +
% ﬁvlirage ﬁ\lzlﬁré%ceirrelated avaTade 15020

-0.8

-0.8

| AKX = 40.04

-0.4 0

I+

0.22

0.14

Scp

Contours give -2A(In L) = Ax? = 1, corresponding to 60.7% CL for 2 dof

HFAG

--------- BaBar -
PRD 79 (2009)'0TTTOZK T

>
B%ile !
s-; Fprefimihary

X

Average E
HFAG cqrq‘l‘ﬁ"é'_e ated gverage

""""""""""" 0.18 7932 £ 0.12
-1.32+0.77 + 0.36

-0.49+£0.42

R4 s SES S SR
OC;, gﬁlﬂemﬂ(zoos) 25160‘1'_"*_5 ! ?'”10'33%
_________%___ﬁgﬁg%?zrte_'%@@avﬁ@gﬁ____5__} ______ |
= BRlsa i2011) 071107 A 0T o
;Xm ﬁ\lé%rcgﬂ%grrelated averade * S
2 1 0 1



B—-D"'K" Dalitz analysis

Reconstruction of three—body final states D°, D°>Kn"

Amplitude for each Dalitz point is described as:

D°»Kon'n” ~ f(m?, m?)
D°»K.n'n ~f(m®,m?)

B*»(Ken'n ), K : f(m?, m?) + rye™f(m?, m?
S D B

DO

2 2
C | m — 3} e

25}
2
150

1

05

EO

B »>(Ken'n )oK : f(m?, m?) +rze’® Y f(m?, m?)
Simultaneous fit of B" and B~ to extract parameters ry, y and 6,

Note: 2 fold ambiguity on y: (y, 83) = (y -+, d5+)
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Candidates / (10 MeV/c?)

Candidates / (10 MeV/c?)

GGSZ LHCDb Results

ng'cg'c)K Ns1g ~ 2260

LHCh =

=

— oK 7] =
Di* —

- =

--- Combinatorial =
w

-=-=- Part. reco. =
&

400

]
20014

: ....I.Z;'....I.f\ B i
5200 5400

5600
m(DK%) [MeV/c?]

2800

40

D(K KK)K Ny,

! LHCh

oK*
i *

-+— Combinateetal |
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_ % sof 1
L ] LHCh | = I LHCh |
T E E‘I}-_ e 7]
Dirt ___- D
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= 03
- LHCDb preliminary
-1
02} fJLdt=3.01b -
g B
0.1 2y
o
-0.1
B+
0.2 2-D confidence
intervals 68.3%,
I 95.5%, 99.7%
-0. L I L L L L | L
-3.3 02 -0.1 0.1 02 03

X

~ 324

larXiv:1408.2748 ]

m? [GeV )

5800

cartesian
coordinates <

—

\.

ry, =(8.057)x107
5, = (13417




Experiment by experiment

p-value

p-value

% ---- BaBar GLW+ADS
1 r
CKM 14 --- BaBar GGSZ
[ BaBar Combined
1.0 B T T T T T T | T T T | LIAJ T | T T T | T T T | T T I!l‘l T T T I T T T i
L - We)
- = =+ )
Wb Y (70 + 18
i .i ‘-‘ ]
0.6 — / _
0.4 / - .
i . .‘ i
i J ] ]
02 |- B / 5 -
0.0 [ L4 1’| T |\|\I‘|"l\/\|‘ [T R '|\’w._| L]
(] 20 40 60 80 100 120 140 160 180
Y
% ---+ LHCb GLW+ADS
1 r
CKM 14 --- LHCb GGSZ
3 LHCb Combined
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L Iy Iy
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i 1 ! ] Y 7 4 ° 6 —-9.2
0.6 ; _ N
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- N L ]
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L 1 \ _
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0.0 _i 1 J_l ﬂ"'l—"l 1 I 1 1 1 | 1 1 1 Y LJ 1 Ll | rtﬂJ L1 1 ]
(] 20 40 60 80 100 120 140 160 180
Y

% --- Belle GLW+ADS
fi r
CKM 14 --- Belle GGSZ
[ Belle Combined
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0.8 - - -15 _
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long way to go ... (» o,=1" or less)



Could it be due to new physics ?

o B»nlvis 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 ep 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,Iv |HFAG BLNP
e B - v  |HFAG
- —=—-B s alv |HFAG avg. w/

6

D

4

3

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

Exr

with different approaches also
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