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The search for New Physics

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:

Rob Knegjens (Nikhef)

Lessons from Bs Lifetimes



Time-dependent tagged CP measurement

Tag = identify if B; or B

o F(B.(t) = f) — T(Bs(t) = f)
P TN > f) + [(Bo(t) — f)
Standard Model New Physics
0] S B
55: 0 — g 0
t [ps] 7 t [ps]
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CP violation in interference

B9-B? Mixing Decay Mode

AMs, Als =T, —Tqg A¢, C (direct CPV)
~ hadronic
Os } iy physics } 7 @
Acp = function (AI\/IS, Als, | ¢ps + Ad |, C)
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The flagship Decay Mode: B; — J/v ¢

Latest results from Moriond 2012:
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‘CP observables — SM predictions ‘

e Possible to distinguish

smallish New Physics?
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Optimal Decay Mode structure: B; — J /v
v \_/-/
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40 @w
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A(Bs — Ec55) = ApV;, Vs + Ab V., Vis + A V2, Vg + ALV}, Vis +

=A|1+ )N e"ﬁybem], in SM: v ~ 70°
0.05
5%
~~
be® — (1 3)|u Ale) C =— X\ siny2bsinf+ O(e)
—\X" 2|V, AT+A(Ct)
T P Ap = i\j siny 2b cosf + O(€?)
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Penguin control via flavour symmetry

e QD
B‘I
q

Ao Apenguin
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Penguin control via flavour symmetry

4‘ e D
Bq d

Ao Apenguin

A(By — €cd q) UG -AA [ \)}f/ e bei0]
1

e Example: By — J/1K® to By — J/u 7%
b€ [0.15,0.67], 0€[174°,212°] =  A¢J,, ko = [-3.9°,—0.8°]

S. Faller, R. Fleischer, M. Jung, T. Mannel, PRD 79 014030 (2009) M.
Ciuchini, M. Pierini, L. Silvestrini, PRL 95 221804 (2005)/arXiv:1102.0392

e Soon also B — J/1 K°
K. De Bruyn, R. Fleischer, P. Koppenburg, Eur.Phys.J. C70 (2010) 1025-1035
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The flagship Decay Mode: B; — J/v ¢
[-3,3°]

A
¢s + A¢J/¢¢

LHCb o

Do —_—————

CDF R /

—60° —40° —20°  0° 20°

e Future control channels: B; — J/¢K*® and By — J/4p°

S. Faller, R. Fleischer and T. Mannel, Phys.Rev. D79 (2009) 014005
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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

® 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 B2-50 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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A time-dependent untagged analysis?

(Te) =T(Bs(t) = f) + T(Bs(t) — f)

(\
W\ V\/NW ______ o
t [ps]
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A time-dependent untagged analysis?

(M) = T(Bs(t) — f) + T(Bs(t) — f)
x e_r‘t[cosh(Ars ) + AL x  sinh(Al.t)
—_——

function(¢ps+Adr,Cr)

ATe =Ty —Tqy Fitting Le*/" - effective lifetime:

_Jo
fo

= function (Ars, \gbs/+ Aoy, C,r)
\/v\ﬁ"“v\ﬁwv ----- @
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Contours in the ¢.—Al; plane

f 2
. B, <1+2AArys+ys ) NN

Al = —nf /1 — C? cos(¢s + Adr)
CPIf) =n¢lf)
0.4
03
Assuming;: 02
— 01 i
A¢f = Oa Cf =0 é— 0.0
[ S—
AfAr _ { — COS ¢5 ff(_‘,\'(‘n s )
teosgs : fodd -03 N 7r, = 1.38 ps
s “ .. T =158ps
T | B0 1m0

" . [deq]
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Measured Effective Lifetimes

Final state:

. Bs — KT K™ : LHCB, arxiv:1207.5993

Tki k- = [1.455 + 0.046 + 0.006] ps

o |CP Odd | Bs — J/115(980) : LHCb, arXiv:1207.0878

T/0h, = [1.700 £ 0.040 = 0.026] ps

But. ..

|A¢#0, C#0]

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

B, — KTK~

Agpik- = — (105133)°

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)°
R. Fleischer and RK, Eur.Phys.J. C71 (2011) 1532
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Controlling the CP Odd Decay Mode

S. Stone and L. Zhang, Phys. Rev. D 79 (2009)

Bs / Bs — J/y ¥ 1(980)

fo(980) fal 1(JFC)=0%(0**) fo(980) Section References

See also the minireview on scalar mesons .

Mass m = (980+10) MeV
Full width I' = 40 to 100 MeV

f(980) DECAY MODES
Fraction p
Ti Mode (Fi/ 1) (MeVic)
Iy mm dominant 471
rn KK seen -1
M vyy seen 490
Fa  ete 490
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Controlling the CP Odd Decay Mode

B, — J/1 f5(980)

Quark-antiquark Tetraquark
() What is 0 Y
3 15(980)7? < &
(Ot Ot @t
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Controlling the CP Odd Decay Mode
Bs — J /1 £(980)

Quark-antiquark Tetraquark
() What is 0 Y
& 15(980)7? g 5
t K ¥

. Decay amplitudes may vary:

40
Qe an @G)

Tl e Wae, =0

Exchange Exchange Penguin Aunibilation
| | | | | ! |

15 g Ap
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Controlling the CP Odd Decay Mode

¢ Propose control channel: B; — J/1 f,(980)
e Useful if :

| Ar, Ap > Ap, Apa, Agg |

e With SM CP violation and unknown decay amplitudes:

A¢J/¢fo € [-3°, 3%, CJ/zpfO < 0.05

e Predict:

BR(Byg — J/¢ fo; fo — 7T+7T_)

t 2 —
~(1-3)x107%x s aq
1 . tetraquark

R. Fleischer, RK, G. Ricciardi, Eur.Phys.J. C71 (2011) 1832
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Lifetime contours in the ¢.—Al s plane

7¢ = function (Ar57 7 C)

e CP Even: 7, , A¢gix =—(10531)°, Ceix- = 0.09
e CP Odd : TJ/4 fys A(Z)J/wfo € [—30,30], Cj/wfb < 0.05

AT, [ps™]

— 7y = (1700 % 0.040 + 0.026] ps
= Trex- = (1455 % 0.046 £ 0.006] ps
21 68% CL of 2 fit

‘ 50 310

;180 —135 -90 —45 0
s [deg]

R. Fleischer and RK, Eur.Phys.J. C71 (2011) 1532
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Untagged determination of B; mixing parameters

0.4
0.3
0.2
0.1
0.0

AT [ps7!]

S © o o
N oW N o

1 DO: 68%, 95% CL (8 fb1)
=1 CDF: 68%, 95% CL (10 fb~!)
== LHCb: 68%, 95% CL (0.3 fb~1) [*
= LHCb: 68%, 95% CL (1 fo~!)
== Lifetimes: 68% L

OO””F”"]””""FL
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B Branching Ratios
K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, N. Tuning, Phys.Rev.D 86 (2012)
e Measured:

BR(E. = N = 3 [ (TH(0) e

_ % [F(B}F: ) " F(BLrL—> f)}

e Computed:

BR(B, < fenes = 1 [F(BO =)+ T(B° — f)]

2 T(Tu+TL)

_1 F(BH—>f)+F(BL—>f)
T2 %(FH+FL)

e Dictionary for Al'; = I't, — I'g # 0 via effective lifetime 7¢:

BR(B, — ineo — [2 _a- yﬁ)%] BR(B, — foxy
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Probing New Physics in Bs — utpu~
K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, A. Pellegrino, N. Tuning, Phys.Rev.Lett 109 (2012)

e Rare decay in SM, very sensitive to scalar New Physics

A. Buras, Proc.5ci.BEAUTY (2011)
BR (Bs = p~pu7 )y = (324£0.2) x 107°
e Experimentally bounded

SM

LHCb, Phys. Rev.Lett 108 (2012)
BR (B, — M_#_)exp <45%x107° @95% C.L
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Probing New Physics in Bs — utpu~
K. Bruyn, R. Fleischer, RK, P. Koppenburg, M. Merk, A. Pellegrino, N. Tuning, Phys.Rev.Lett 109 (2012)

e Rare decay in SM, very sensitive to scalar New Physics
A. Buras, Proc.5ci.BEAUTY (2011)
_ AT 40 9
BR(Bs = p )y, = (35+02)x10
e Experimentally bounded
LHCb, Phys. Rev.Lett 108 (2012)

BR(B: = pu p7), , <45x107° @95% C.L

o Untagged observable: e

+ -
g
Tutu=/ Aar

J1s1=1PI

- *Ti 02 Scal?i‘ NP (CY)
experimentally < ,
< 02 Non-scalar
feasable probe of NP < -os NP/(Cl, O

—0.8

~1.0 L
Pl =115 =0.0p =7/2

06 08 10 T2 T1_ 1618 20 22 21
R = BRex(By — pt ) /BRswi(Bs = i)
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Summary

e CP observables — SM predictions

Disentangle New Physics
from SM Hadronic Physics

¢ Probe B; mixing phase with untagged analysis:

| Pair of CP odd and even effective lifetimes |

Summer
2013 77

sm

ALL[ps ]

1 Values and errprs are for ilustration

i Erro
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Backup

Lessons from Lifetimes Rob Knegjens (Nikhef)




Hadronic uncertainties

T — ) T
0.4t = ADy g = [-2.9°,2.8°]
o) A@[‘w['— = — (105tgé)o
0.3f
T
[%2]
K>
~0.2f
—
< TK+K- = 1.47 ps
0.1r
0.0 ‘ ‘ : : ‘ -
=180  —135 -90 —45 45 90 135 180
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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)

Lessons from Bs Lifetimes Rob Knegjens (Nikhef)



Notation

The CP asymmetry:

F(Bs(t) — f) —T(Bs(t) = f)  Ccos(AMst) — S sin(AM; t)
F(Bs(t) — f) +T(Bs(t) = f)  cosh(ATst) + Aar sinh(Als t)

Observables for CP|f) =n|f) :

—0
_q AB;—~f) Cive [1=C _ing
= AB S e 1+cC°¢
- 2 &f _i
Axr—iS =51 1 /1 — C2 e i(0s+A9)
AT T TR T :
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Tetraquarks

e diquark-antidiquark (colour) bound states
o= [ud][UiJ] i
k = [su][ad]; [sd][ad] (+c.d)
_ [su][3a] + [sd][5d]
V2

a0 = [su][3d]; [su]lsa)

fo

— [sd][5d]

7 ; [sd][57]

diquark = [q1 2], colour 3, flavour 3, S =0

e Issues: fy — wm coupling too small, ag — nm too large.
¢ Solved by adding instanton-induced effects

A Theory of Scalar Mesons, G. 't Hooft, G. Isidori, A.D Polosa, V. Riquer,

(arXiv:0801.2288)
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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

S cos s, hs = 0.22° + o2
21

Vs =

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, Phys.Rev. D79 (2009) 014005

-04

-0.8+
@
'E _12t
X
<

-1.6+

Hy =144

_2 L L 1 L 1 L L
200 205 210 215 220 225 230 235 240
6 [deg]

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)

Ady(deg)

90 120 150 180 210 240 27C
6(deg)

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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