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The search for New Physics at the LHC

E

Indirect searches
"The precision frontier”

Direct searches
"The high energy frontier”
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A sensitive probe of New CP Violating Physics
Standard Model:
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B.~B; Mixing Phase:
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Time-dependent tagged CP measurement

Tag = identify if B or B

o _T(B(t) = f) = T(B(t) = )
T T(B(t) = f) + [(Bo(t) — f)

Standard Model

Decay rate [ps~!]

=)

Decay rate [ps™!]

t [ps] t [ps]
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CP violation in interference

B9-B? Mixing Decay Mode

A¢, C (direct CPV)
hadronic
physics } , @

Acp = function (Ars, Os + Ao |, C)
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The flagship Decay Mode: |B;/ B, — J/¢ ¢

tagged analysis: Acp = function (Ars, bs + Ao |, C)
u 7
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ATree

A enguin o no
A¢ ~ arctan <)\2 siny [P—gD € [-3°,0°] A ~ 0.05

S. Faller, R. Fleischer and T. Mannel (arXiv:0810.4248)
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The flagship Decay Mode: |B;/ B, — J/¢ ¢

Results from LHCb!
(Lepton-Photon 2011)
— i A¢ € [-3°,0°]
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CP observables — SM predictions
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CP observables — SM predictions

N
Disentangle New Physics "W

from SM Hadronic Physics é

J Find Complementary Analyses
an

for determining ¢s, Al

® In pursuit of new physics with Bs — KT K™ R. Fleischer, RK (arXiv:1011.1096)
® Anatomy of B? , — J/1 f5(980) R. Fleischer, RK, G. Ricciardi (arXiv:1100.1112)

® Effective lifetimes of B decays and their constraints on the B2-B? mixing

parameters R. Fleischer, RK (arXiv:1109.5115)

® Exploring CP Violation and n—n’ Mixing with the B? , — J/4m\") Systems

R. Fleischer, RK, G. Ricciardi (arXiv:1110.5490)
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An untagged analysis?

(I =T(Bs(t) = f) + T(Bs(t) = 1)

Decay rate [ps~!]

t [ps]
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An untagged analysis?

(I =T(Bs(t) = f) + T(Bs(t) = 1)

| Effective Lifetime]

:fo t ()
e >
— fn (AFS, bs + Do, c)

Decay rate [ps~!]

t [ps]
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Contours in the ¢.—Al; plane

Assume :

Ags =0, Cr=0

Different behaviour:‘ CP|f ) =+|f),

=

75 = function (Al's, ¢s)

CPIf) =—If)

0.4 N
0.2 S

— 01 IREENE A

'T l

1]

& 00

[

RS
—0.2 . K
—0.3 ‘-‘ 7r, = 1.38 ps

7 =158 ps
—04 \ J- P
15 0 13

—180 135 =90 —45

Recent Theoretical Studies of Bs Physics

Rob Knegjens (Nikhef)



Measured Effective Lifetimes

e B — K*K~ (LHCb):

Tkik— = [1.44 + 0.096 + 0.010] ps

e B; — J/1(980) (CDF):

Ty = [1.705517 £0.03] ps

But. ..

|A¢#0, C#0]

... CP violation in Decay Modes
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Controlling the CP Even Decay Mode

A¢rx- = — (10.5133)°

Ck+k- =0.09£0.05

e Use U-spin flavour symmetry (subgroup SU(3)f):

interchange s <> d quarks‘ Related to By — 7 7

Extract CP violating phase: v = (68 4+ 7)°
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Controlling the CP Odd Decay Mode

Bs — J/v £,(980)

Quark-antiquark Tetraquark

What is
@? £5(980)?

e With SM CP violation and unknown decay amplitudes:

Db yyh €331 Cppp S 0.05

e Control channel: B; — J/v 1,(980) (search for at LHCb!)
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Measured Effective Lifetimes

e B, — KK~ (LHCb):

Tk i = [1.44 £ 0.096 + 0.010] ps,
Apyrx- =~ (105533)°
C i = 0.09

e By — J/1(980) (CDF):

7)o = (1701317 £0.03] ps,

D¢y yh, € [-3°, 3%
CJ/wfb < 0.05

~

We are set! 7r = function (Al's, , C,c)
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Lifetime contours
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Future Precision
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Robust hadronic uncertainties
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Can compare with tagged
analyses
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Summary

e CP observables — SM values

Disentangle New Physics
from SM Hadronic Physics

¢ Probe B; mixing phase with untagged analysis:

Pair of CP odd and even effective lifetimes

o We eagerly await lifetime and CP violation measurements!

Jamboree
2012 77

sm

1 Values and errprs are for lustration 253

1 Errofs are for lustration

N TR R R
. [deg]
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Backup
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U-spin determination

Decay Mode CP violation: | = (68 £7)°

Apyrk- = — (10.5733)°|  Ciri- = 0.09 +0.05

Robert Fleischer, RK (arXiv:1011.1096)
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Combined Fits

e Assume 7 = (68 +=7)° and At > Aothers :

Ddyph, € [-3°, 37

Os + DB F s+ Dbypg
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Effective Lifetime

i 7B, (1+2AArys+y52)

12 1+ Aarys

Apar = —n V1 — C? cos(¢s + Ad)

3 B, — T 5 27, — T B, +T
_ :0
y5+<TAAr>yS+( T )y5+(TAAr)
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Decay Amplitudes: General Formalism

In reality:

u, ¢t //@ //@
+ * + +
Tree

Penguin Exchange

eg. AB—f)=Ar+Ap+Ap+AL+...
= |Ar|e”Te?T + |Able e + |ASle el + .

= |Aq|e/ (ei¢1 4 e/ hei5>

. . . —ip1 —iv2 h ald
hel§ — éel((Sz*(sl) € _ e,,(bs e +e he
== bl - 77 l‘Pl I(,DQ id
1 e'vL +elY2 he
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Untagged observable: General Formalism

) —ip1 —ip2 p @fd
—igs | € + e h.e
elv1 + elip2 h 61(5

§=-ne

2¢& .
— 1— C2 ’(¢5+A¢)
1+~ " ¢

B 2hsind sin(p1 — ¢2)
- 1+4+2hcosdcos(pr — o) + h?

: _ -
A® = arctan ( sin 291 + 2 h cos § sin(p1 + ¢2) + h” sin 2o )

cos2p1 + 2 h cosd cos(p1 + 2) + h? cos 2

Aar = —ncosps  — | Aar = —nV1— C? cos(os + Ag)
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The Decay Width Difference

AFS = FL — FH
~ 2|l'12] cos(©n — Or)

o No absorptive New Physics: Grossman (hep-ph:9603244)

Th

r . .
Vs = > cos ¢s, 0s = 0.22° + ¢SNP
2T

e Theoretical calculation: Lenz & Nierste (1102.4274)

Argh

=0.133 £0.032
Is
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Bs — J/1¢ hadronic uncertainties

Measure :  ¢s + A¢5/w¢

¢ Numerical example compatible with A¢y analysis
S. Faller, R. Fleischer and T. Mannel (arXiv:0810.4248)
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e Future control channels: B — J/¢K*® and By — J/4p°
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Hadronic uncertainty of B9~BY mixing

Measure : 23+ A¢y

Probe using By — J/¢ Ks and By — J/i
S. Faller, R. Fleischer, M. Jung, T. Mannel (arXiv:0809.0842)
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See also: Extracting gamma and Penguin Topologies through CP Violation
in BY — J/¥Ks, K. De Bruyn, R. Fleischer and P. Koppenburg (arXiv:1010.0089)
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