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Contents
* Flavor transitions in quark sector

0 CKM Matrix

= Magnitudes of CKM elements: branching fractions

0 Phases in CKM matrix
& CP violation (mostly B, and B decays)

0 Rare and forbidden processes: sensitivity to new
physics
* Extremely rich and vibrant field

0 Hundreds of measurements in the PDG booklet

&= Will only cover key issues today
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Why Precision Flavor Physics ?

* Core properties of weak interactions

0 Parameters not predicted within the Standard Model
&= Mass hierarchy
&= Mixing between generations

& Need measurements !

A Rich phenomenology with few parameters
& Standard Model measurements: the foundation

& Deviations: new physics searches

 LHC era: discoveries (or lack thereof) at the
energy frontier

2 Flavor physics provides important interpretation
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CP Symmetry Violation

» C,P,T: Discrete transformations of the Lagrangian
0 P: parity reversal
Q C: charge conjugation
Q T: time reversal

* Any field theory Lagrangian is invariant under
CPT

0 EM and strong interactions conserve all 3 symmetries

0 Weak interactions violate parity, but CP and T are
approximately conserved

4 CP symmetry is broken if Lagrangian has complex
couplings
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‘ Cabibbo-Kobayashi-Maskawa Matrix

Jprtan (4 Vua  Vus Vb
9 ] gV§\ | = Vcd chs chb
LTy Via Vis Vid

2

, 2
q: > < ~J IV ' | Measure magnitudes from rates:
gVis g " -

d
b ﬁggVTb\\ ’ Wi EW ~ €

u d

Measure phases through interference: CP violation. Need at least
two amplitudes, e.g. 2 decay amplitudes (“direct CPV”), or decay and mixing
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CKM Matrix

Unitary mixing matrix: 4 parameters (e.g. 3 angles, 1 phase)
For quarks, conventional Wolferstein parameterization:

A, p,n~O(), A=sinb. ~ 0.22

Va Vis Vi 1-X2/2 A AN
V| Va Vo Vo | = -\ 1-X2 AN + O(\)

Vo Vis Vi AN(1-p AN 1

Aside: number of free parameters in a unitary mixing matrix is
(n-1)2, so 2-flavor mixing does not have any phases. 3-flavor mixing
produces a new phenomenon: CP violation
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Nobel Prizes in Physics

7 2008: Kobayashi-Maskawa:

"for the discovery of the origin of the
broken symmetry which predicts
the existence of at least three families
of quarks in nature"

';

Yoichiro Makoto Toshihide
Nambu Kobayashi ~ Maskawa Omitted but not forgotten:
Nicola Cabibbo
1980: Cronin-Fitch (1935-2010)
"for the discovery of
violations of fundamental

symmetry principles in
the decay of neutral K-
mesons"

James
Cronin
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Roadmap

4 First row
~|Vus| Vi Vi

»Kaon decays (KLOE)

21 decays (BaBar, Belle)

~|Vw| (BaBar, Belle) v
4 Second row

~ Ve, |Ves| (CLEO-c)

~ V| (BaBar, Belle)
4 Third row

~|Vu|, |Vis| (CDF, DO, BaBar, Belle)

~|Vw| (CDF, DO)
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‘ Summary of CKM Magnitudes

Impressive amount of work done!

oV /N 3V IV

0.03% 0.4%
oV_/V oV_/V_
5% 11%

a(vtd/vts)/(vtd/vts)
~30%

* from inclusive measurements, but better agreement with exclusive required.
More results on the way: solving differences among
measurements and interplay with theory!

Zb
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Matter and Antimatter in the Universe
* Matter-antimatter asymmetry 1s one of the
great cosmological puzzles

d Need CP violation and
baryon number violation to

create asymmetry from
symmetric early Universe

& Standard Model effects do not

generate enough matter-antimatter
imbalance observed today

“"This is perhaps a hint to search
for new physics in CP sector
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Mixing and CP Violation
T T on |Ks) = p|K°) + ¢|K°) —
SOCOEAN o0, ™= K'e— K
Ki) = plKY) — BT ©

(a) Kaon Mixing
T

>ooobn\/\j/“ p/q|#£1

(b) Indirect CP Violation

i

(c) Polarized Light Analogy
T

T _
SoEANS el Arerl#1
(d) Direct CP Violation o

feo
Interference between mixing Aop = Tcp f,‘ A f;j:
and decay: ‘/\C-‘P| — 1, Im\cp#0
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‘ System of Neutral B mesons

* In B system, mass difference between two
eigenstates 1s significant, lifetime difference 1s not

0 Define “Light” and “Heavy” states instead of “Long”

and “Short”

&l_fjd _ UHl“_dUL = x4, — 0.730 4 0.029

= 0(1077)

“*~ For B mesons

3(M19—i /2T 12) and lg/pl ~ 1

. T

Direct CP violation 1s predicted to be small, hence
[Acpl~1
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Unitarity Triangle
Unitary mixing matrix: 4 parameters (c.f. MNSP matrix in neutrinos)

For quarks, conventional Wolferstein parameterization:
A, p,n~O(), A=sinb. =~ 0.22

V=| Vea Vs Vo | » =) 1-X2/2 AN + 00\

Vo Ve o) \AR0-pm) -ad

.......
"y
LN
LN
LN
.....
L
ay
L
L
L

VudVoy + V. dV + ViaVy; = 0 : unitarity relation for B, decays

V *
(p,M) o = arg [— Lti’] : interfere b=>u & mixing
V,y V%, Vig Vo V]
%
V. VX Vg Vi B = arg |— cd Ci’ : interfere b—>¢ & mixing
cd Vb Y/q) B/q) Via i
3 1 i * 7
(0,00 [ (1.0)y = arg |- VudVuy . interfere b=>u & b—c¢
Va5
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| P violating observables for B mesons

d
-
e Need at least two amplitudes with different phases W £ u_]
* In B decays, we can consider b .- u
two different types of amplitudes: BO { _ _} Tt
— d d

d Those responsible for decay —

O Those responsible for mixing o
\ b_ . ° a’

e This gives rise to three possible B A - B
manifestations of CP violation: d :

O Direct CP violation u,c,t
 (interference between two decay amplitudes)

d Indirect CP violation
 (interference between two mixing amplitudes)

Jd CP violation in the interference
between mixed and unmixed decays

|
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Common Definitions

CP violation in interference between (tg(()) )
decays with and without mixing W
- =
Afcp = TCP ~ * A—f cp «—— amplitude ratio % fep ()
14 Ag CP| 2 e@c—i

CP e:igenvalue—T t ~ o~ 2i%cr«—— CP phase B Aty
Y]CP= + 17 q)CP = aaﬁav

Time-dependent CP Observable: o I-|hg, |2
N r(ﬁghysa) — fep) - r(thysm ~fop) | [+
[(Blys (1) = fop) + DBy, (0 > fep) | 5, Imy,

= Cg,_, -cos(Amp,t) + S¢_, -sin(Amp, t) L+ M |
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B Meson Production

* Electron-Positron collider: ete- — Y(4S) — BOBO
d Only 4s resonance can produce B meson pair
QB0 production cross-section: ~1 nb (1 tb-! ~ IM B0 decays )

Q Clean environment, coherent BOBO production

B-Factory
approach

= S l: ICEISR: Y (4S) Energy Scan
) |s | CLEO] 0091 | '
'g 20 :'I | E _ ; :
~ b P2 1| ool ,
g Sk '9 j i T ¥ On

15¢ [ — - [ |
R g o O O N
o 5 ¢ | g ] Ecm —Mvyus)y (MeV)
T 100 :l M : 1
O i 1 fy . ! 7
\9’ 5 i l|l "",_+ +’i lf .,’ Y 1 B
8] + Lo T ‘Q-O-.boq atalhs ‘*‘_‘0“1“‘i' e o @b) 028

| Tas) | YeS)  Y@S) L4 ) o (hadr)

0 P P S L PRI e M N ]
944 946 10.0010.02 1034 1037 1054 10.58 10.62
e |
Mass (GeV/c)
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‘ Y(4S): Coherent RORO produc’rlon

« BOBO system evolves coherently
until one of them decays 0.75
d CP/Mixing oscillation clock only starts

ticking at the time of the first decay, 0.5
relevant time parameter At: 0.25
0
At = tcp — tOtherB

“~ B mesons have opposite flavor at time At=0
“" Half of the time CP B decays first (At<0) 0.75
* Integrated CP asymmetry 18 O 0.5
/ F(t) dt = / F(t) dt 0.25
- 00 -00 0

= Coherent production requires time-dependent analysis

T | I | [ | I | lj
At t,=0 \| Incoherent
- BO ]
- B0 =
: | | | | | ‘s‘l” -+ :
t(ps)
__| [ [ | I | [ [ __
~ At At=0 .
- BO : E
5_@3 /[ 11| Coherent
- d [ “l-- ¢ :
0 8
At(ps)

Phys226
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‘ The Asymmetric B Factory Concept
4

Oddone, ‘87
Start the clock
(BY)yae) = 0.56 B |
tag |
Y (4s) :
c > .
#( .................... | B
| [rreenen — e
| h -

Coherent BB pair
(|Az|) = Byerp = 260pum
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PEP-IT Asymmetric B Factory @ SLAC
9GeV e-on 3.1GeV et :

e'e —=Y4S) — B'B"
* boost of Y(4S)
in lab frame : [3y=0.56

PEP Il

Low Ener
5, Rm? &LE )
ey [3. eV]
North Damping
Ring
[1.15 GeV] ) ) )
Paositron Return Line Positron Source
1 1
&-gun
'_Fg - S - gl Detector
Linac -
2010 l.:eV PEP Il High Energy Bypass (HEB)
injector
Sector-10 PEP |l .
g'o:m Damping o Ieckor _ PEPII -
9 !  High Energy
[1.15 GaV] PEP Il Low Energy Bypass (LEB) Rll‘lg (HE )
Sector-4 PEP II [9 GeV]
et injector
- 3 km -
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BaBar Detector

1.5T solenoid
DIRC (PID) I;JI\;IIC 1
144 quartz bars 6580 CsI(T1) crystals
11000 PMs

Drift Chamber
40 stereo layers

Silicon Vertex Tracker

5 layers, double sided strips
Instrumented Flux Return

iron / RPCs (muon / neutral hadrons)
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LHCb Detector

[JINST 3 (2008) S08005]
@ Acceptance 2<n<5, with excellent vertexing, tracking, PID

@ Liy=1 for'@7TeVin 2011, & 2 fo~' @ 8 TeV in2012

y‘ M4 MS
M3
sPDPS - M2 —
T3 RicH2 | FCAL o
T2 —
L [ N [ B >
10m 15m 20m z
Vertex Locator Opy x/y ~ 10 um, opy , ~ 60 um
Tracking (TT, T1-T3) Ap/p: 0.4% at 5 GeV/c, to 0.6% at 100 GeV/c
RICHs (K — K) ~ 95%, mis-ID rate (x — K) ~ 5%
Muon system m1-m5) e(u — p) ~ 97%, mis-ID rate (r — u) =1—-3%
ECAL oe/E ~10%/VE ®1% (E in GeV)
HCAL oe/E ~70%/VE®10% (E in GeV)
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‘ Example of a Fully Reconstructed Event

. B0>yp(2S) K.
= wrpe b

.| One of ~500 million
| recorded decays

/) « BO->D*+ -
Ls D+

K-+

|
Phys226 Yury Kolomensky: CKM Physics
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‘ Angle [3/(1)1 :

Ig

ol

—sm2[3

o

Belle: PRL9S8, 031802 (2007) [ K- Vervink

°400 (d)B® - J/\vKO

©-g= +1
oo

-7.5 -5

25 0 285 5 75
-EAt(ps)

3

8

II”IIA:‘II”.II IIIIIIIIIIIIIII Illllllllyl IIIIII

BN ON B

& o

"Golden" Channel b—ccs

C. Chen
ICHEP-2008
- BiBar ¥ -
—*B " tags preliminary ~ —
B 3ﬁotags CP Odd |

S—
I|I

IIIII|}‘I/I III|II
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‘ Angle B/, : "Golden" Channel b—ccs
sm(zﬁ)—sm(zq)l)@ n BIEq)l _ i

F’RELIMINARY ] T Io
BaBar 0.691+0.029 £ 0.014 X |®
ICHEP 2008 preliminary 1 F ' - g i
Belle JwK® | & 0.642 +0.031 £ 0.017 ) |
PRL 98 (2007) 031802 | | 08 |- a9, S | ﬁ .
XE |
Belle y(2S) Kq H o 071800900033 | > f‘,& |Z
PRD 77, 091103(R) 0.6 | | 2 < A
Average * 0.671 + 0.024 | B« X 3 1=
HFAG 0.4 _ 0 o L, 12
. __ i . . . (c'))' ° 10
0.5 0.6 0.7 0.8 i 7 4 00 |2
. B ; ") > i
Most precise measurements of CPV 0.2 : a
in B decays to date S I R B M\ > |
BaBar results for the final dataset :
. . . _ . . _ i ] | | | —_—
Still statistically-limited measurements 0.2 > 0% o8 o8 1 5

Theoretical uncertainty for sin2f3 from
charmonium modes below 0.01:
further improvements from LHCb and Super B factories
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Raw Asymmetry Events/ (0.8 ps)
.o o
—_ L © W

B-Factories vs LHC-B

BABAR, PRD79:0/2009.2009

ot B'—I/yK ()

~
o
~
|

T

~
o
=~

sin 2 = 0.687 = 0.02

ni

o0
L]

0

>

-
any
a=)

@
N

V

Signal yield asymmetry

sin(23)

o
S

N

e et el
o~ o W

I
-
=~ W DN =

B > J/yK? LHCb

S =0.731£0.035 £ 0.020

5 10 15

PRL 115,031601 (2015) t (ps)

Mat Charles
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‘ Angle a/¢,

(¥’

— ]
h il il t

U (i

- - o
u, d w, d ., d w, d wu.,d u, d

Tree Color-suppressed “Penguin” loop
* Time-dependent CPV in b—>u transitions
* Problem: 2-3 amplitudes, additional interference
& “Penguin” pollution: Sex = V1 — 02 x sin(2a — 2A0)
 Isospin analysis to measure Ao
& 4-fold ambiguity in Ao
%~ Small branching fractions

* Most useful modes:
@B%pp, JUIT, pJ‘IZ Gronau, London, PRL65, 3381 (1990)
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Penguin Diagrams

Antibottom Antistrange

Antistrange
Quark

R. Ellis, M.-K. Gaillard, D. Nanopoulos
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Summary of ao/¢,

> O

® 't
@ (YT
()]

T 0.004|

> i

e d

:E i

(40]

_Q B

o

o 0.0021

SM solution: a=(91£8)o

1.2

0.8

0.6

0.4

0.2

T T T ‘ T T 1

B @ ----  B—opn(WA) h
[ Saeres 0 Bopp(WA) 7] COMBINED
L e B—)TCTC(WA) ]
5 o
L H
L CKMfit | 3
(¥ noameas.infit s ) :

I AR TR ks ot 10 o e VT = e

a €[83.5

80 100 120 140 160 180

o (deg)

£ 94.0] @ 68% CL
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Angle v/9,

* Hardest angle of all to tackle

& y=-arg(V ,),and V , is small
* Direct CPV in B>D®0K® decays
A 3-body Dalitz Decays (Giri,Grossman,Soffer,Zupan)
& DO—=>K qu+rt-
0 CP eigenstates (Gronau,London,Wyler)
& DO—=>mmw KK,...
0 Doubly Cabibbo-suppressed (Atwood,Dunietz,Soni)
& DO—=>K+m- vs DO>K-m+
* Several complementary techniques
0 Time-dependent CPV in BO=>D®mw, DMp

& Measures sin(2p+y)

 Key parameter: r,, ratio of [ A(b—=>u)/ A(b—c)l

\
Phys226 Yury Kolomensky: CKM Physics



31 S. Bahinipati
G. Marchiori

\ Dalitz method for y/p, i

* Most precise method to this point 2 - L
@& Direct CPV in B=>[K -] (K™ < 2'5:‘ "’, B-DK-

& Self-tagging: charge (B*) or K* 2 ,, : ened ]

flavor (for B0 decays) 15 : %’M_. _': :. ':._-:

* Measure interference across Dalitz plot .4} ”i-"

ii eiw@w I A O FRNE

3
m: (GeV/c?)

3' b L L L

mi—

4

) /
o
[4)]

" —t
&
N
N
4]

e Main challenge: DO decay model o | BABAR
> D*=>Dm+
&= 18 quasi-twobody states: fit D*+—=>D0x gz- (control)
o

& Measure at CLEO-c or BES in
¢(3770) — DE P. Naik, D.Asner

to reduce model uncertainty

Phys226 m?2 (GeV?/c*)
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M. Pierini

Probability density

0.003

0.002

0.001

Summary of /¢,

UTfit

y=(81213)0
8

T 50 100 | I15|0I |
']

O. Deschamps

EZATM --- D(") K(") GLW+ADS
Sheroe - --- D(*) K(*) GGSZ =3 Combined
e |SIN(2B4Y)] et CKM fit

1.0 L T T T -_.*,‘:I T T _'.‘ll T T | T -.‘-__ I’\‘l T T 1 ‘ T T 1 | T T I‘;‘,\‘ T [ | T 1T T i
0.8 — . ‘ ;;' ".\‘ -
0.6 :— ! i f

B y=(71x20)0|
0.4 ; v 7
02 - ! , .
0.0 :—h-_jp- I'J‘| I-'T"l’l | | | | | ‘I\.r.‘llu;“.l"“";‘.’-"’-..Ih lJ 1 J_J.J J_J_.__._l\:?-'f‘:.-'lgn_h:

0 20 40 60 80 100 120 140 160 180

v

Difficult, statistics-limited measurements ! Combination of constraints:
uncertainty of ~20¢ . Larger statistics needed (LHCb, SuperBelle)

Phys226
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Frequentist interpretation
http://ckmfitter.in2p3.fr

% --- D(*) K(*) GLW + ADS
voiondio . --- D(*) K(*) GGSZ [0 Combined
et CKM fit

Full Frequentist treatment on MC basis
T T

-CL

[ S S b *,
P Y PP PP R I =t S | 1 1y

T T L L B B p
i \ )
Y

0 20 40 60 80 100 120 140 160
v (deg)

7 = (69 550

Probability density

Current Precision

Bayesian interpretation
http://www.utfit.org

E’
1 [
vo= (72i11)o

Slides by Owen Long, Moriond EVV 2010

~ 110
<~ 100

|V e SN BN <
o o o o O

LHCb

Preliminary

LHCb-CONF-2018-002

~
90 )
/\} ||||||||||||||I|!|||||||||||||||||

© A o)
N \ \
q9 q,Q q9 q,Q
Mat Charles

|
Yury Kolomensky: CKM Physics
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1.5

UT Constraints

Circa 2007

| Il Io\ == R
i %

! >

: *‘%«(\,

i ©

\

-1 K
- % T (exéixtmlﬁﬁofsg) -
-  Summer 2007 : \ i =
1.5 B (NS AR S e [V | | v b b fEEEER Y
-1 -0.5 0 0.5 1 1.5 2

p

Phys226
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UT Constraints

Circa 2016
1.5 171 [T T 71 | LI P B LI L I
: excluded area has GL > 0.95 | % :
B Yo% i
10 % Amg& Amg ]
- sin 23 -
0.5 — ]
IS 0.0 — —
-0.5 — —
1.0 — Y ]
B % i sol.w/cos2f <0
- ICHEP 16 E (excl.at CL > 0.95) —
15 B B B | Lo b b i
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0

p
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0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0
0.7

0.6

0.5

0.4

0.3

0.2

0.1

0.0

UT Constraints

Am
Am

| excluded area has CL > 0.95

Illlllllllllly']?l_l_l_l_
<2

€

ICHEP 16

sol.w/ cos 28 < 0
(excl. at'CL > 0.95)

o

| excluded area has CL > 0.95| 1 [

ICHEP 16

-0.4 -0.2 0.0 0.2

=l

0.4

0.6

0.8

= IIII|IIII|IIII|IIII|IIII|IIII|IIII

Loop observables

Tree observables
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37 D. Tonelli

CPV |n BS Decays J. Ellison

« CPV in B ,=J/W¢ measures the phase of B, mixing amplitude
Bs = arg [ (VisVip) /(Ves V)]

‘¢~ Predicted to be nearly zero in the Standard Model
¢~ New Physics may enter through mixing box

¢~ Angular analysis determines fractions of CP-odd and CP-even
eigenstates; simultaneous fit for Al

iy
o
n

~ 500

[CDF Run Il Preliminary 2.8 2 [ Do,28fb * Data
e F = } — Total Fit
g 10° | ‘6 40014 — Prompt Bkg
g : @
S o
2 0

2 300

1]

=)

T

c

L]

3]

]
(=
=

10

:IIII|IIII|IIII-I_._.

L L | L L A"T | | 11 I 1111 I 11 11 I 1111 I 111 1 I 111 1 I 1111 I 1111
0.1 0.2 0.3 [} b1 52 53 b4 b5 b6 57 bHB
ct (J/y o) [em] Mass (GeV)

of?

|
.
e
Fo [T
(=]
—
o
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ﬁS RZSUITS fr'om 2008 J. Ellison

Official CDF+DO0 Average e > New CDF results
CDF 1.35fb"' +D@ 2.8 CDF Run Il Preliminary L=28fb
LI 0-6 ------------------------------ [T '
— - — SM prediction :
| [ 68%CL , 0.6 —o95%cCL
& 04f  95%CL — | | [ — 68%C.L.
® | 997%CL — ] :
= 02! R ]
0.0 } _______________________ ,
020 \ /
' p-value = 0.031 |
_041 2.2c from SM
T - =New Physics
PR s 1 -0.6[ p-value = 0.07 (1.80 from SM)
1.5 1.0 0.5 0 0.5 1.0 1.5 i 1 0 1
/e
: rad
DO: arXiv:0802.2255 By [rad] b, (rad)

CDF: PRL100, 161802 (2008) o o
Hint of new physics in B, mixing ?
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Phys226

1-CL

1.0

0.8

0.6

0.4

0.2

0.0

B, Results from 2008

fitt
phenlo 2038' o= DO (strong phase constraint & CL based on likelihood)

1 CDF (no strong phase constraint & CL based on MC)

] CKM fit

o
(<)

0.5 1.0 1.5 2.0 2.5 3.0
2[3s (rad)

fs anomaly ? New Physics 7?7

Yury Kolomensky: CKM Physics



B, Results from 2014

¢, — Al', Combination

LHCb 1.0fb™" + CDF 9.6fb '+ D@ 8fb ' + ATLAS 491~

-*_| 0.25 ,,-_’ I 1 I 1 I LA I I I‘\I\‘l 1 I I I I I I I I 1 L] 1 I 1 I I I *:
| B v DO HFAG B
o2 : N \ :
020 : \ =
" 0 5 \‘ 68% CL contours
— - : (Alog £ =1.15) 1
4 o1s5F ‘\ : LHCb -
0.10 ST @ Comblned —

o COF ‘sM . 7

0051 \ ,/ATLAS .

0'1 1 L |-..|....|....|‘

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5

@5 [rad]

Consistent with the Standard Model.



41

Rare Decays
* Look for processes suppressed in SM

&~ Deviations are signatures of new physics
A Rare or forbidden decays
%~ Forbidden by symmetry in SM

&= Symmetry can be badly broken for NP: enhancement

Q Interference etfects: P, CP violation, angular
distribution

& Interference between SM and NP can enhance NP

Phys226 Yury Kolomensky: CKM Physics
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Bsay—utu

Branching fractions well predicted in the SM: [Eur. Phys. J. C72 (2012) 2172]
BB = p ) = (334+0.27)-107°
BB° - pTp )" = (1.074£0.05)-10" "

Due the finite width of the BY% system the time integrated BF is:

B(BY - M+M_)<t> — (3.56 & 0.30) - 1077 [ariv:1207.1158]

Probe for models with an extended Higgs sector
W

g
LHCDb reported the first evidence of Bs—p - v, ZOZ%< H .
decay with a 3.5 o significance: ut g
0 — 1.4 0.5 —08

B(By — pp™) = (3.2 5(stat) T3 (syst)) x 10 " . ¢ S

[PRL 110, 021801 (2013)] T 2 ey v
W\ W H™\ ,\H
best upper limit on BO—pfp~ (ATLASHCMS+LHC). e i T < ‘Q,u‘
B(BY - ™) < 841071 @ 95% CL ut ut

[LHCb-CONF-2012-017]

Phys226 Yury Kolomensky: CKM Physics
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{\]\: 16 :_ I— Full PDF | _:
» A simultaneous unbinned > 14 - iz:fjiz LHCb -
likelihood fit to the mass spectra is?r 19 é — Combiosiona BDT>0.7 _E
performed on 8 BDT bins < ol Bg:ﬂ([()ﬂw 3 fb] E
» Combinatorial bkg, Bs and B? g - B =m0t .
vields free § 8 g-_.._ [arXiv:1307.5024] —;
» yield and PDFs of exclusive Fc% 6F =
backgrounds constrained to their ~ 4 —E
expectations. ’ ‘L ‘l;l:
0 . 2 e Al

» For the Bs we obtain: 5000 5500

m . - [MeV/c?]
B(BY — ptu™) = 29 h(stat) g syst)) x 1070

» with a significance of 4.0 o
» For the BY:
BB — p ™) = (3.715 (stat) T0G (syst)) x 1071

» with a significance of 2.0 o
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Current Status

XLO_?

LHCb

BF(B’ — p+u")

o %107
8
BF(B, — ptu)

Improvements with HL-LHC data, may start to get interesting
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‘ Leptonic Decays: B—1v

b + 2 2
2

* T Gim,m
v BalB ot v = S RV
u H v n My

2HDM (type I1): B(B* >t*

> 400 ]
8350:% _
“97300 iiseml ep. tag) p4te

S 250F
1 200f
§150:
11 100E

50

/.‘, orele J.

00 0.250.50.75 1 .
Ecol (GeV) Extra calorimeter energy: E. ;. ... (GEV)
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B -1 v results

World average: B(B"-»7t*v)=(1.68 + 0.31)x10*

+ + _ -4
2HDM (type I1): Bgy(B'—>1"v) =(1.20+£0.25)x10

m?> 2 using f; (HPQCD), |V, | (HFAG)
B(B">1"v)= Bgy X (1— ZB tan®g) . . . o1 »
My CKMfitter: By, (B" =1 v) =(0.763 " 6;)x 10
1000_ T 1 LI 1 1 LI T ] ‘ 2.80- difference
so0l : %YE ([ CKM fit wo BR(B — 1t V)
- q ICHEP 10 ~— Measurements (WA)
°§ | 1.0
> 600 — -
o |
o | 0.8 — —
% -
= 400 | o6 N
& I
1 7 o4 — —
200 = 0o ) ]
: : P 3 S A co b b b b b
0 . . . . . 06 08 10 12 14 16 18 20 22 24
0 20 40 60 80 100 BR(B - tv) x 10*

\ iy see Stephane T'Jampens anddsecilia.chagankinohsitalks
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Future Prospects
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Lepton Universality

F. Forti
I'(B -» DWv) vy
R(D™) = £=eor wt H"::‘i: +
(0™ I'(B - D™ ¢v) ( H) i ‘
» Partial cancellation of theoretical uncertainties related b ¢
to hadronic effects and measurement systematics. T
[+ — - / i
P.(D*) = TF 4T (T'*: decay rate of + t-helicity) b 4./_ Et
* Another probe of New Physics LQ
—~ 05 —~ 1 —r— —r— oo oo
*D - - ::: gm‘:n é : Belln IIIPrnjnr.llnn | | :
E’ 0.48 :_ -— ::.: Q(P : Belle Combination :
- ;vua:-om-on PRDS2 054410 (2015), PRDSS 094025 (2012) 0.5 Scalal -

Vuclol
Tewsw

SM predjction: PRDAS 094025 (2012), PRDET 034022 (2013)
PRDAT 034028 (2013)

0'4;— Belle II 5 ab!

035 0 :—///_,/-// /

- Tensor Scalar
0.3 ;_ LHCb o5 B / _5‘_," .
0255— SM *+ Very clean theoretical . B /S-M ’.Beue ,\ VeCtOI' .

C 1o conoum prediction i i Belle 1150 ab‘1 I
0.20 gl palebees 4593 03 03B 0.4

0.3 0. 4 0.5 R(D) R(DY)
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Lepton Universality

Z. Ligeti
B — K&yt~
® LHCb: R, (., = < 1 both ratios over 2.5¢ from lepton universalit
KO ™' B 5 K®ete- P y
-&-LHCb -m-BaBar -a—Belle
N, 2 L D L L 20_ L L L L L L ]
R C ] 2
i LHCb 1 Q? -
1.5 4 . Lo ]
i I »
. s so— Y EE _
T + SM i | 1
——s _ —— _
0.5 269 . 0.512.20 2.50 ® LHCh -
| B BaBar
i ] i LHCb A Belle 7
0 PR T T RN N SR TR TN T NN ST S SN SN S ST S S S R S 00 TR SRR TR TR (NN SRR SR SN SN (N T TR S S SN SR S S|
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q* [GeV?/c*] ¢* [GeV?/cY
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sSummary

* High-precision measurements from the B-factories,
Tevatron, and LHC

Q Overall, excellent agreement between sides and angles of
the Unitarity Triangle
&= But a few tantalizing discrepancies, €.g. in rare decays

0 Nontrivial constraints on the flavor of new physics

o Still statistics limited
& More data from LHC and Belle-II

* Measurements 1n the quark flavor sector will
continue to provide important insights and

constraints on the flavor structure of physics within
and beyond the Standard Model
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