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The Questions

High pr questions

e What is the mechanism of electroweak symmetry breaking?

e What separates the electroweak scale from the Planck scale?

e What happened at the electroweak phase transition?

e What are the dark matter particles?

e How was the baryon asymmetry generated?

Flavor < Collider The Questions

Flavor questions

e The Standard Model flavor puzzle:
Why are the flavor parameters small and hierarchical?
(Why) are the neutrino flavor parameters different?

e The New Physics flavor puzzle:
If there is NP at the TeV scale, why are FCNC so small?
The solution = Clues for the subtle structure of the NP

e Are the two puzzles related?

Y.Nir CERN
Flavour Physics Seminars.
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Indirect Searches — Model Independent Searches
Four examples of how to look for New Physics

How can New Physics affect angular observables ?

How can New Physics enhance a suppressed decay ?

How can New Physics affect an oscillation ?

How can New Physics affect CP violation ? sin 23, ¢



Classification of CP Violating effects

A large set of NP models predict the existence
of new CP Violating phases




What 1s the Standard Model telling us ?

VCKM — Vcd Ves Vcb
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We have to constrain as much as possible all the parameters
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What 1s real life telling us ?
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The CKM mechanism seems to work



What 1s New Physics telling us?
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Where shall we start ?

Measure theoretically clean observables



Measurement of y

The weak phase y can be measured
in the interference of b—c and b—u decays.

v = arg VudVuh
VeV,
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Measurement of y

The weak phase y can be measured
in the interference of b—c and b—u decays.

K~ A(B~ — DK™)
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B* — Dh*, D — hh, GLW/ADS, 1fb™*

Bt — Dh*, D — Knnm, ADS, 1fb™*

B* — DK*, D — K%hh, model-independent GGSZ, 3fb™"
B* - DK*, D - KK=, GLS, 3fb~!

B°— DK*°, D — hh, GLW/ADS, 3fb!

B? - DFK#*, time-dependent, 1fb™"
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What about [Vupb| ?
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Measurement of Vi [3 fb 1] e

Vol B(AY— pu~ v
What we measure Vb - = (A = puvy)
cb

Topologies
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Result :

V| = (3.27£0.154+0.17 £0.06) x 103
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[Nature Physics 3415 (2015)] [3 fb!]
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LQCD Vcb
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D, from b—ccs transitions

s
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D, from b—ccs transitions

dsSM = oum Predicted to be very small in the SM
Phys. Rev D84 (2001) 033005
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The other triangle
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What do we measure ?

(t) — f) - Sysin(Amt) — Cy cos (Amt)

cosh (BI%) 4+ Aapsinh (AL)

Am = myg — my, Al' =11 — I'g MleIlg parameters
_23()g) _ L= __2R(Ap)
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Measurement of ®@sin Bs — J/1p h*h- [3 fb!]

The golden modes

o 15000 ' ' S ' 1 '
S - 7000 '
> e A LHCb
> « 6000 \
3 10000 - Z 5000
= o
8 _ 4000
S 5000 ‘Z 3000 |
= E 2000 \
& O

9 . 1000 F byt

5300 5350 5400 obezertorirood L N i

m(J/w K'K) [MeV/c?] 5300 5400 5500

m(J/yn'n) [MeV]
Use angular analysis to separate the CP components.

[Phys. Rev. Lett. 114 041801 (2015)]
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Measurement of @s1in By —DsDs [3 fb!]
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BY — JWKTK~ and BY — Jhnta™
¢“® = —0.010 + 0.039 rad

The big picture
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Measurement of CPV in B— J/i Ks[3 fb!]
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Measurement of CPV in B— J/y K [3 fb!]
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An other big picture

World average: [HFAG]
Sin(Qﬁ)eXp = 0.691 £ 0.017

Expectation from global fit: [ckwFitter]

sin(23)°™ = 0.74870029
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sin(2f) = sin(2¢,) s

PRELIMINARY

BaBar :
PRD 79 (2009) 072009
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PRD 80 (‘51)053 112001

0.69 = 0.03 = 0.01

i . 069+052+004+007

BaBar JAp (h&ﬁomc)KO. —1,96+042+021
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PRL 108 (2012; 171802
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PRD 61, 072005 (2000)

LHCb : 073+0.04+002
PRL 115 (2015) 031601

Belle5S ; 057 + 058 + 0.06
PRL 108 (2012; 171801
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&
KEEP

CALM

BY
FOCUSING ON
DIGRESSION

Useful test of HQE

Very precise lifetime measurements

Ratio

Value

TB+ / TBO— J /1 K*(892)0
B9 / TBOY . J /K *(892)0
TAD [ TBO 7/ K+ (892)°

1.074 = 0.005 = 0.003
0.971 £ 0.009 £ 0.004
0.929 £ 0.018 £ 0.004

'TB+/'TB—
TA()/T—[)

1.002 = 0.004 £ 0.002
0.940 £ 0.035 £ 0.006

TB()_,J/vK*(ggQ)O/T§0_>J/¢Rv(892)0 1.000 = 0.008 £ 0.009
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How do we constrain the penguins ?
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Proposal : arXiv:1412.6834
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The penguins are small!


http://arxiv.org/abs/1412.6834

More CP asymmetries

.~ N(B—B — f) = N(B—=B = f) B — f
YT NBSB )+NBoB—>Jf) B~ f
\ BO /

~ Standard Model

Phys. Rev. Lett. 114 (2015) 041601 [3 fb'!]
29 Phys. Lett. B 728 (2014) 607-615 [1 fb!]



More CP asymmetries

N(B—=B — f) — N(B=B — f) B — f
ST NBSBS )fNB=B>f) B4 f
\ BY 4

g 1

LHCb measurements

very consistent
with the SM.

LHCb D, uvx

DO D, uvx

- LHCb DOuvx &
-3+ DO D(’)[wx
» BaBar D'Iv
B BaBar u
B Belle i - -
_4 1 1 | 1 I | 1 1 1 1 1 1 1 I 1 1
-3 -2 -1 0

1
ad [%] Phys. Rev. Lett. 114 (2015) 041601 [3 fb!]

Phys. Lett. B 728 (2014) 607-615 [1 fb"!]
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Conclusion

The measurements of CP observables
are reaching very high precision.

LHCb will continue to collect data and
push further the precision of
the measurements as well as

add additional
modes

No clear sign of New Physics contributions.
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Backup shides




PV
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—>
| —
same side
0S charm opposite side
SV
P OS kaon
- /

0OS muon
OS electron

b-Xl-
~-@®

OS vertex charge




1-CL

0.8

0.6

0.4

0.2

oo
S

L 935%
| -

100

120

140

LHCb

Preliminary

:llllllglllllllllllll

160

DK
8B

~
-9

1-CL

0.8

0.6

0.4

0.2

lllllllllllll

LI L

0.08

0.1

0.12

DK
I'y

lllllllllllll




GGSZ (Giri, Grossman, Sofer, Zupan) .
Use quasi 2-body CP eigenstate of the D to be resolved in the Dalitz plane. D —>Ks 7.
So far the most precise gamma determination.

ADS (Atwood, Dunietz, Soni):
Use anti-D° K* ™ for b—>u transitions (Cabibbo allowed) and D%— K- r* (Doubly Cabibbo
Suppressed) for b—>c transitions. One has to know strong phases from D decays.

GLW (Gronau, London, Wyler).
Search for D mesons in CP eigenstates eg : D —>KK and D—> mrmr



[PHYS. REV. D91 (2015) 112014]

ADS-like modes
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GLW-like modes
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