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A huge success...

* Measurements overconstrain the SM picture of &P = potential high sensitivity to NP.

BO Triangle: larger angles, similar size sides Room for NP in BY system
Vig VJb + Veg :b + Vi Vtz =0. n‘j: 80F
1 amy S & “oF NP fit
20
3 o
N b
‘ = “0f dark: 68%
| -60f
|\ | o, & a0k SM: red cross
e SRR A
P 0.1 0.2 0.3 0.4 0.5 06
NP, SM
[CKMifitter Group] Ag/AS
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* All of the measurements agree very well
* In the presence of relevant NP, the various contours would not cross each other in a single point
* The SM works so remarkably well that we have to make more and more precise measurements
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http://ckmfitter.in2p3.fr
http://www.utfit.org/UTfit/

Why do we study CPV? CKM metrology

Outline and upgrade reminder

In this talk I will:

Summarise current status of art of v, 3 and 35

Give some perspectives for the evolution of these measurements, following LHCb Upgrade I

Expression of interest;

Refer to the milestones indicated below.

Don’t miss Greig Cowan'’s talk on Future LHCb upgrades and long-term physics prospects

LHC ERA > HL-LHC ERA
3fb-1 +5 fb-1 50 fb-1 300 fb-1
| 2011-2012 | | 2015-2018 | | 2021-2023 |
Run1 Run 2 Run 3 Run 4 Runs..
Current LHCb LHCb Upgrade | LHCb LS3 C lidation LHCb Upgrade Il
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https://cds.cern.ch/record/2244311
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Status of y

v = —arg(VuaV, b/ Vcd

* vy is still the least well-known angle of the Unitarity Triangle

* Measurements of y from B decays mediated only by tree-level transitions provide a “standard
candle” for the SM (assuming no new physics in tree-level decays [Phys. Rev.D 92, 033002 (2015)])
= Theoretically clean [5v /y] < O(10~7) WUHEP 1401 (2014) 051]

* This can be compared with v values from B decays involving loop-level transitions, such as
BY,, — hh' decays (h = K, ), to get signs of NP.

Can be measured in the interference between b — ¢ and b — u transitions, eg:

Vus K- "'Lb
b u =
~ DS
T c
b < ¢ B Ves
B~ Vep D° - s K-
Favoured Suppressed !

Small signal yields (BR = 10~7), small interference effects (~ 10%) = Combining a plethora of
independent decay modes is the key to achieve the ultimate precision.
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https://arxiv.org/abs/1412.1446
https://arxiv.org/abs/1308.5663

State of art of v

LHCb combination of several Run 1 measurements:

= w ]
® 71 observables and 32 parameters 9 LHCb ]
L o[ Pty 3

* Frequentist and Bayesian interpretations [ ]
06-  76.83) =

* Both show good agreement 5.7 E
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v(LHCb) = (76.8721)°
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[LHCb-CONF-2017-004]
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* To be compared with the CKM fit indirect determination: 5
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http://ckmfitter.in2p3.fr

CP violation measurements and prospects CKM metrology: vy

Prospects for y

* Indirect uncertainties will decrease as lattice becomes better: need to improve direct

precision!
Sample Ostat (7)°
Run 1 8
Run 2 4
Upgrade | ~1
Upgrade Il <0.5

* Belle-ll targets a precision of ~ 1.5° at the end of data-taking (2025)

* Studies underway to quantify the impact of better reconstruction of hh7t® modes and better low
momentum tracking for high multiplicity modes = Huge statistical potential not included in
table above!

* Future BESIII charm inputs also need to be considered
* Current y combination syst. due to CLEO inputs ~ 2° [LHCb-PUB-2016-025]
* Additional BESIII run at {»(3770) under consideration - o(7y) ~ 0.5° [LHCb-PUB-2016-025]

* Comparison of y measurements made in single decay modes interesting after Upgrade Il
(1° sensitivity) = NP in tree level different for different final states

* Constrain {3 () without penguin contaminations = 2° sensitivity on v — 23 s from BY — DsK
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https://cds.cern.ch/record/2223391/files/LHCb-PUB-2016-025.pdf
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CP violation measurements and prospects CKM metrology: 3 and s

CP violation in interference between mixing and decay

fi y,
HH w + b J q +
; : |
7 . - -
Dominant SM “tree” contribution Higher order “penguin” NP could be difficult to
contributions from non-perturbative  distinguish from
hadronic effects penguins...
— _ — NP
(bq =bu—2¢p = 2[5‘7 +Adg + 60 2 Direct_decay
Bqg=arg ( quv'b* ) 2
Veb B fep
¢ s and ¢4 determined via global fit to experimental results \ BO /«:'n
ignoring contributions from penguin diagrams: Mixing ahd decay
SM — _ _ ViV \ +0.7
.« ¢S 2arg (— e ) = —37.64 57 mrad
[CKM Fitter] Predictions are very precise!
i SM — g Ved Vop* +o 020
* sin2pSM = sin2arg (‘" ) = 074075320
[CKM Fitter]
v
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https://arxiv.org/abs/1501.05013
https://arxiv.org/abs/1501.05013

State of art of ¢
Extensively studied in LHCb, CMS, ATLAS with Run 1.

Although there has been impressive progress since the initial measurements at CDF/DO,
the uncertainty needs to be further reduced:

ES LHCb:

z Do8fb! ® J/Wd [PRL114, 041801 (2015)]

3 g e ® J/WKTK— above ¢ (1020)] arXiv:1704.08217 (2017)]
CMS 19.7 fb-! ® J/Pmt [Phys. Lett. B736, (2014) 186]

P (28) ¢ [Phys. Lett. B762 (2016) 253-262)
® D Ds [PRL113, 211801 (2014)]

LHCb 3 fb-? CMs:

ATLAS 19.2 fb ! ® J/Wod [Phys. Lett. B 757 (2016) 97]
0.4 -0.2 0.0 02 04 ATLAS:
[HFLAV Summer 2017] 4 lead)

® J/W¢ [JHEP 08 (2016) 147]

s = —21 + 31 mrad | M — —37.6797 mrad

[HFLAV Summer 2017] [CKM Fitter]

* World average (dominated by LHCb) consistent with SM prediction;

* Exp. uncertainty almost a factor of 30 larger than uncertainty of indirect determination when
penguin pollution is ignored.
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CP violation measurements and prospects CKM metrology: 3 and s

Future of ¢ at LHCb

Evolution of the statistical uncertainty on ¢ as function of collected integrated luminosity at LHCb,

scaled using present performances of the detector and expected running conditions:

b from b — ccs transitions
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300
L [fb]

* Complementary channels like b — sss would greatly benefit from the more eff. hadron-trigger

* Overall LHCb statistical uncertainty | @300 fb—': O gb—>cos< 3 mrad and O o555 < 10 mrad

F. Dordei (CERN)

CP violation

8-11-2017

9/24


https://cds.cern.ch/record/2244311
https://cds.cern.ch/record/2244311

State of art of sin (23)

sin(2B) = sin(2¢,) EEER

BaBar : 069 +0.03+001

PRD 79 (2009):072009

Esgaevox@bgﬁfﬂzw | |, 069+052:004+007 LHCb:

BaBar J/y (hadronic) K, 1,560,421 021

PRD 69 (0047052001 ° * s o = 0.731 £ 0.035 & 0.020 [PRL 115, 031601 (2015)]
Belle : 0.67+0.02+0.01 J/WKg

PRL 108 (2012) 171802

EPH : 0.84 724016 Belle:

PLB 492, 259 (2000)
opaL b 320 125 050 * s o = 0.670 £ 0.029 £ 0.013 [PRL 108, 171802 (2012) ]
EPJ C5, 379 (1998) : J/ WK

: : o4t

EFI?DFm, 072005 (2000) e 079 0l Babar:
LHCb : : .73 110.04 £ 0.
PRL 115 (2015) 031601 = 07320042002 ® S o =06620.039 % 0.012 [PRD 79, 072009 (2009)]
B ! ; J/ WK

sllesS 0.57+0.58 £ 0.06
PRL 108 (2012) 171801
Average ; ; 0.69+0.02
HFLA) : :

2 -1 0 1 2 3

[HFLAV Summer 2017]

[ 5=sin2p =0691 £0.017| |5 =sin2pSM = 07407552

[HFLAV Summer 2017] [CKM Fitter]

* LHCb has a similar precision to the B-factories
* Small tension of B-factories results with SM predictions to be clarified
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CP violation measurements and prospects CKM metrology: 3 and s

sin (2B3) from B° to J/1(ee)K? and P (2S)K?

The asymmetry between B° and B° decays to J,/ (ee)K? and P (28)K? is (taking ATy = 0):

A[cE]Kg(t) =~ Ssin(Amt) — Ccos(Amt) where S = sin(2f3)
0.4 T T
O be BYS p29)K0
FE0 B — Jfp(ete KD
| B

B®— Jfib (t ) KO
0.2 |23 Combination

- LHCb

C(B°— Jfb(ete™)KS) = 0.1270{7 (stat) + 0.02 (syst)
S(B°— Jjb(ete)KY) = 0831007 (stat) & 0.01 (syst)

0
C(B" = ¢(28)(up™)KQ) = —0.05 070 (stat) & 0.01 (syst)
S(BO% '@‘!(25)(;1*;1’)]{2) = 0.847510 (stat) £ 0.01 (syst) 02
[ CL for the iner (outer) contours s 39% (\am )
0.5 0.6 0.7 0.8 0.9 1
New LHCb average:

[arXiv:1709.03944 (2017)]

S(B° — [cT]KY) = 0.760 + 0.034

C(B® — [cTIK?) = —0.017 £ 0.029

* Precision of sin (23 ) from LHCb improved by 20%;
* Reduce tension with SM predictions.
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https://arxiv.org/abs/1709.03944

Future of sin (23) at LHCb

Prospects:

B from By->J/pK

\

1.6
14
1.2
1
0.8
06 Belle I 50/ab
\

2015 2020 2024 2030 2035
year

o(p) [

[LHCb Upgrade Il Expression of interest]
[B physics experiments comparison]

* Sizeable systematic uncertainties wrt statistical ones.

* Overall LHCb statistical uncertaintyl @300 fb~': <0.003
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https://cds.cern.ch/record/2244311
https://confluence.desy.de/display/BI/B2TiP+B2TIPGoldenModes

Penguin pollution

Penguin-

Tree Topology Penguin To?(?logy Exchange To?ology Annihilatioq ‘

o~ — | I "

Experimentally

* Penguin contribution is suppressed by a factor of
A2 in the GP key modes ds:
BY = J/pKE=T+P .

BY — J/pK*® - JHEP 11 (2015) 082
B - J/ Wb =T+P+E+PA

® B — J/pO - Phys. Lett. B742 (2015) 38
* Access to penguin contribution via SU(3) ® B% 5 J/pw - Under study
counterparts not suppressed w.r.t. tree level B:

[Fleischer, De Bruyn]
X . ° Bg — J/1Kg - Phys. Rev. Lett. 115 (2015) 031601
* Ignore non-factorisable SU(3) breaking © By /O - Und s
— 7t - Under study

P
* ApT =1.4198, 128 prys. Lett. B742 (2015) 38,
JHEP 11 (2015) 082].
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http://arxiv.org/pdf/1412.6834v3.pdf

‘New measurements -
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y from B? — DFK* decays %%

[LHCb-PAPER-2017-047 (2017)]

u,c.t

* CP asymmetry in mixing and decay in
BY — DF K* decays sensitive to m o B
(’Y - 265 ) b c

* Both decay amplitudes are O (A%) B %, B (ﬂi b
= large interference (O (35%))! o . ;

The analysis is based on pp collision data sample of 3fb~" collected at LHCb in Run 1.
* Update of LHCb-CONF-2016-015 (2016)
* Three Dj final states considered: KK7t (¢p7t—, K*®K~, Non Resonant), K77, 7t7.

3 2% LHCb Preliminary 1 3 “%F LHcb Preliminary 3T LHCb Preliminary

2 5 Di = KK (Non-resonant) = 500 Di = 0(1020)x = D, KO892)K

g A 5 | S y

5 100 ! 5 oo 5

g ] g A g |

2 | 2 i 2 10 |

§ s § 100 JoA s L

O kgAY e © /N L N
1900 1950 2000 2050 o 1900 1950 2000 2050 ° 1900 1950 2000 2050

M, (MeV) M (MeV) M (MeV)

% &l LHCD Preliminary

sol- LHCD Preliminary

Candidates/(1 M
Candidates/(1 MeV)

Moy

L
2ol aghinh

1800 1950 2000 2050 1800 1950 2000 2050
e (Me M (Me)
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https://cds.cern.ch/record/2242070/files/LHCb-CONF-2016-015.pdf

v from B? — DFK* decays %"

[LHCb-PAPER-2017-047 (2017)]

* Perform multivariate fit (MDFit) to m(DF K*+), m(hhh) (with h = K, 7t from DF decays) and
the companion PIDK distribution.

* Use MDFit results to subtract background events and perform a time-dep. signal only fit.
* Use BY — Dy mt* as control channel.

* Combination of Opposite Side [Eur. Phys. J. C72 (2012) 2022] and Same Side Kaon taggers
[(JINST 11 (2015) P05010]

= | Overall tagging power 5.80 + 0.25 %

* Most of the systematic sources have been revisited after several cross checks.

Cf = 073+£0.14£0.05 ’ §n 0.4F j I_H‘Ch Prthmmm:y 4 ;én 0.4F j I_H'ch Pml\n\mur’y g
AT = 0.39+028+015, Eod + 1 Zd T+ n ]
ATAF = 0.3140.28+0.15, o ] oF + E

Sy =—0.52 £0.20 £ 0.07, :j ] :j + ]

S5 =—-0.49+0.20 £0.07,

F. Dordei (CERN)

CP violation

0.1

0.2 0.3
T modulo (21/am,) [ps]

0.2 0.3
T modulo (27/Am,) [ps]
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y from B? — DFK* decays %%

[LHCb-PAPER-2017-047 (2017)]
Assuming bs &~ —2f35 as external input:

_ +17 o _ +13 _ +0.010
v = (128"17) 5 = (358113 ook = (0.3719919)
« 08— T T T 5 45 T T T
3 &
- & 2:84
0.6 / 7 =400
////x 1
04 1
« )]
02 -
— 1 300
60 80100 120 140 160 6 80100 120 140160
7 [ y [
E T T T T T
o
- 08 E;HC p y e 1 i
06 128%] N \
{ =
04 6839 ] [Z=] Combination \ /
sk ] 05t 1-028) 4 / 4
95.5%
L ; ; i , ,
50 1 50 S5 1 05 0 03
v ]

* 3.6 o evidence for CP violation in B3 — DF K* decays.
* 2.3 o from all other LHCb measurements combined.
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New results

Decays of charmed b-mesons to two c-mesons or

[LHCb-PAPER-2017-045 (2017)]

* Decays of BC+ mesons to two open-charm (excited) mesons, like Bj — D& D, have been
proposed to measure y.
° Smaller yields than B™ — DK™, but interference is larger: I & 1

* Challenges: small production cross-section, the short lifetime, the complex final state, and
possibly small branching fractions.

LHCb performed the first search of these decays using Run 1 data.

Charm mesons are reconstructed in the following final states:
e D0 - K-t
e DO o K-t mt
* Dt 5 K mtmt

* Df - KK m*

Strategy: branching fractions are measured relative to large B signals in data

F. Dordei (CERN) CP violation 8-11-2017
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https://cds.cern.ch/record/2290377

New results

Decays of charmed b-mesons to two c-mesons or

Measured branching fractions (in parentheses upper limits @95 C.L. from asymptotic CLg method):

fe B(Bf — DI D")
f. B(B+— Di Do
Qw = (—3.8426) x 1074(< 4.7 x 107%),
fuB(B+— Dj DY)

fe B(Bf = D*D%) _
f.B(B*— D*D%
f. B(Bf — D*D") _
f.B(Bt+— D+D°

=( 3.043.7) x 1074(< 1.1 x 107%),

( 8.047.5) x 107%(< 2.2 x 1072,

( 2.945.3)x 107%(< 1.4 x 1072),

Also BR for excited c-mesons (D;, D*°, D**) have been measured

I = No evidence found
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Near future of ¢ at LHCb {rov suoxet |

Currently finalising analysis of BY — J/1 K+ K~ decays from 2015 and 2016

N2015 ~ 16000 N2016 ~ 96000

g 25(}0:— E “s 14000 LHCb Preliminary _f
z F LHCb Preliminary Z eliminary 3
2 2000 [ =031 Y E’ 12000 [ La=16m )
d E 2015 & 10000F 2016 E Peaking background
3 % E 3 S0E 4  subtracted J/PpKTK—
] E e E E . .
3 1wk E g 6000 E invariant mass
E E S 4000F E T
g F 8 E
£ smf E 3 1 distributions
3 ok 9
3 4 3
z 4 2 ey b A, o L s ol

8 O Pyt gty it e )

3

5200 3300 5400 3500 5200 5300 5400 5500

MIKK) [MeVI] MUK K") [MeV/c?]

WARNING: Central value for Run Il shifted to Run |

WARNING: Run Il syst from Run | Expected statistical uncertainty on main physics

o parameters using 2015 + 2016 data:

- LHCD preliminary

HFLAV 2017
average

AT [ps™']
S
5

® Ogtat (Ps) ~ 0.042 rad (Run I: 0.049 rad )

" Ostat (ATs) ~ 0.0080 ps~' (Run I:0.0091 ps )
Gutat (Ts/Tg) ~ 0.005 (HFLAV: 0.004)

No limiting systematic uncertainties foreseen.
1 0.2
¢s [rad]
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Near future of ¢ at LHCb {ror sucnrr |

Currently finalising analysis of BY — J/1 K+ K~ decays from 2015 and 2016

N2015 ~ 16000 NZ2L® ~ 96000

Qg 25(”:_ E Ns 14000 LHCb Preliminary 3
Z E LHCb Preliminary 2 climinary 3
2 2000f r£d|=:”ﬂ‘ v 2 12000 [ Ldt=160" 7 .
d E w5 & 10000F 2016 E Peaking background
S 10p o E 3 s000f 4 subtracted J/\pKTK™
2 £ 3 E 3 . .
2 1000F E g 6000 E invariant mass
FIPM: L 3 3 distributions
5 S0F E T 2000F E u
3 ok 0
> 4 3
Zz 4 ] OV T Y | I TN

2 ] R e L

j -4
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mJJWK*K™) [MeV/c?] mJUK*K™) [MeV/c?]
WARNING: Central value for Run Il shifted to Run |

WARNING: Run Il syst from Run | Expected statistical uncertainty on main physics

7:0“ " e — parameters using 2015 + 2016 data:

Som Y017 average + ® Ogtat (Ps) ~ 0.042 rad (Run I: 0.049 rad )
Ostat (ATs) ~ 0.0080 ps—' (Run I: 0.0091 ps~1)
| Gstat (Ts/Ty) ~ 0.005 (HFLAV: 0.004)
:m ; 01‘ : O;LH‘(%{‘-‘?”?? No limiting systematic uncertainties foreseen.

1 0.2
s [rad]
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Conclusions

Conclusions

* Interest in precision flavour measurements is stronger than ever =- If no direct evidence of NP
pops out of the LHC, flavour physics can play a key role;

* All results in this sector in good agreement with SM;

* Majority of measurements still statistically limited and on Run 1;

* Time to exploit the potentials of Run 2!! S taﬂ Tuﬂ eD

* Good prospects for the precision measurements in the FOR W”‘g/
upgrade phase. eSO| e
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CP violation phenomenology

Due to interfering amplitudes with different CKM phases in transitions of particles and antiparticles

CP violation in decay (direct.CP)

CP violation in mixing

Different CP conjugate decay amplitudes: P in mixing arises for neutral mesons:

AP =) £ AP =T P(P—P)#P(P—P)

or in terms of mass/flavour eigenstates:
=0

lg/pl # 1, (IPLH> = p|P°> + g|P >)

Ex. Semileptonic asymmetry aS;°

possible also for charged hadrons

Ex. BY,) — K*m vs E?S) — K-t

CP violation in interference between mixing and decay

Interference between P — fand P — P — f, where fis a
non-flavour specific final state:

AP — ) —A(P—1f) _ Crcos (AMt) — S sin (AM1) —a —aC

AP — )+ A(P—f)  cosh(2) + A2 sinh (A1) ) g

S¢: LF in interference between mixing and decay.
Cff direct CP.

Ex. CF phase ¢, golden channel: B — J/ WV b
V.
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Beauty and charm phenomelogy

Fully reconstructed
"physics" B ~350 fs
BY
p———— ————p
P B*

"Tagging" B

* Impact parameter resolution
* E.g. LHCb: o/p ~ 20 pm for high-p
* Momentum & invariant mass resolution
* E.g.LHCb: 6p/p~05—1%
* Decay-time resolution
* E.g. LHCb: o; ~ 45fs

F. Dordei (CERN)

[Int. J. Mod. Phys. A 30, 1530022 (2015)]

BEAUTY SIGNATURES
Mass m(B*) = 5.28 GeV

Daughter pr O(1 GeV)
Lifetime 7(B*) ~ 1.6 ps
Flight distance ~ 1 cm

Common signature: detached pu
B - /Y- X

CHARM SIGNATURES
+ Massm(D°) = 1.86 GeV
* Sizeable daughter p;
* Lifetime t(D°) ~ 0.4 ps
Flight distance ~ 4 mm

¢ Can be produced in B decays

* Particle Identification

* E.g. LHCb: Kaon ID eff. ~ 95%

* Pion mis-ID fraction of 10%

¢ Large number of beauty and charm hadrons

* Muon ID eff. ~97%

* o(bb) ~515ub @ 13 TeV
[JHEP 10 (2015) 172]

* Charm rate ~ 20 times larger

CP violation
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https://arxiv.org/abs/1412.6352
https://arxiv.org/abs/1509.00771

Backup Slides Y measurements

Tree vs loop measurements

If we assume NP enters only (mainly) at loop level, it is interesting to compare:

Parameters (p,n) from processes dominated by with the ones from loop diagrams
tree diagrams (Vup ,Vep , Y, ---) (AMg, AMs , B, ek, -..)

07 - T =] 07 e T T T T T E|
il N o “E ST - E
os E os 1 gz E
ot E wil 3
= g 3 = Ef 3
02 E b A 3

3 3 3

' ’ i E ‘ |\ . | 3

? ?
[CKMfitter Group] [CKMfitter Group]

* At LHC we measure all relevant quantities but € x

Need to improve the precision of the measurements at tree
level to (dis-)prove the existence of NP contributions in loops.
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Limiting factors on y in the high-statistics era

Where will we become limited, as things stand:
* Most B — DK modes rely on CLEO strong phase measurements at the { (3770)
* Allows for model independence; crucial in the high-statistics era
* Current systematic due to CLEO inputs ~ 2°

* Some D modes not analysed by CLEO; some would benefit from D-phasespace-binned
analysis

Available now:
* Quadruplication of the CLEO dataset at BES Ill (— systematic ~ 1°)
* Measurement in D — K7t (Int.J.Mod.Phys.Conf.Ser. 31 1460305)
* Preliminary results in D — KOt

To avoid systematic limitation in the upgrade era:
* Full spectrum of strong phase measurements with full 15-20 fb~" at BES IlI
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Penguin pollution in the HL-LHC era

Modes to be investigated in the future.

Control Modes for BS — J/V\ b

* High precision CP analysis of B — J/1p°: Determination of penguin parameters
* Search for B — J/1Wp° and/or B® — J/1 &b: Control contribution from E + PA

* High precision CP analysis of B° — J/1 w: Control contribution from E + PA
* High precision CP analysis of B — J/1])7*0: Cross check, test of SU(3)
Control Modes for B® — J /1 K2

* High precision CP analysis of Bg — J/WKs: Determination of penguin parameters
* High precision CP analysis of B — J/17t°: Determination of penguin parameters

* Search for B — J/1W7°: Control contributions from E + PAin B° — J/17°
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LHCb upgrade

End of Run2

fLar=3f  fLar=8 @ JLde =50
Type Observable LHC Run 1 LHCb 2018 LHCDb upgrade  Theory
B% mixing (BT Jfi §) (rad) 0.05 0.025 0.000 ~ 0.003
6.(BY = b f,(980)) (rad) 0.09 0.05 0.018 ~ 0,01
Ag(BY) (107%) 2.8 1.4 0.5 0.03
Gluonic GTTBT — pp) (rad) 0.18 0.12 0.026 0.02
penguin (B = KK (rad) 0.19 0.13 0.029 < 0.02
261(BY — GKD) (rad) 0.30 0.20 0.04 0.02
Right-handed o(BY 5 ¢7) 0.20 0.13 0.030 <0.01
currents (B — &)/ 5% 3.2% 0.8% 0.2%
Electroweak  Su(B" — K pn 5 1< ¢ < 6GeVY/e") 0.04 0.020 0.007 0.02
penguin qf Aps(B" = K ut ) 10% 5% 1.9% ~ 7%
MKty 1 < gt < 6GVHeh) 0.14 0.07 0.024 ~ 0.02
B(BY < wtptp BB < K'p'u) 14% % 2.4% ~ 10%
Higgs B(BY = utu) (1077) 1.0 0.5 0.19 0.3
penguin B(B" — utu ) /B(B — ™) 220% 110% 40% ~ 5%
Unitarity (B = DMKT) 7 4° 1.1° negligible
triangle (B = DJKY) 17 11° 2.4° negligible
angles BB = Sy KL 1.7 0.8° 0.31° negligible
Charm A (D" KTK7) (1077 3.4 2.2 0.5
CF vidlation Adep (1077) 0.8 0.5 0.12
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