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Introduction Flavour Physics Framework

Bg — J P

Bs — Jfp Kg Bg - JpV Roadmap

...and Beyond: Searching for New Physics

The LHC: Two Complementary Strategies

Direct Observation (Energy Frontier)

Indirect Evidence (Precision Frontier)

Search for new particles

%AMA&
EXPERIMENT

)\ s.x»‘::g

Primary Focus:
» Higgs measurements

» Supersymmetry searches

Primary Focus:

Study quantum loop effects

il

» Flavour physics
» Rare Decays
» CP Violation
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Introduction Flavour Physics Framework Bq — Jy P Bg — Jfp Kg Bg - JypV Roadmap
Three Years of LHC Data: Some Highlights
Discovered a Higgs particle Measured B? — 111~ Branching Ratio
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV Roadmap

Searching for New Physics 2: Search Harder

Conclusion:

New physics contributions, if present, will be small

U

Finding it will require much more effort, both on experimental and theoretical side!

Because: Rely on interplay between

7 N
High precision measurements < | Accurate Standard Model
predictions
For Flavour Physics:
» Primary objective for the LHCb » Further input from theory side is
and Belle Il programmes needed

Bl
'ef Kristof De Bruyn (Nikhef) Hunting Penguins CPPM (16-03-2015)

5 /53



Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV Roadmap

Towards High Precision Measurements of ¢4 and ¢s

» The decay channels B® — Jii K and B? — Jjip ¢ are
key modes to measure the complex phases “¢4" and “¢s”

» Current precision: O(2°)
» Entering a new era of precision physics: aim to improve to O(0.5°)

> Need to have a critical look at assumptions underlying these measurements

v

What about subleading contributions?

A8 = S X)P =

» Controlling contributions from penguin topologies becomes mandatory!
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JpV Roadmap
Charge—Parity Symmetry

An lllustration:

[Escher, Day and Night]

N>
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV
Origin of CP Violation in the Standard Model

Yukawa Couplings:
> Quark masses in the Standard Model:

Lyuawa = 2 Y2 (QLiiooH ) ury+ Y. Y (QLi-H) dry +h.c.

i i
Spontaneous symmetry breaking })
Limass = Z m,u iuR,j + Z mddL,idR,j +h.c.
i i

» But in general m, and my are not diagonal ...

Diagonalise the Mass Matrix:

> Flavour Changing Charged Current:
&Y Wih d +he - igi; W B Ve d] + hc.

"2 V2

» Basis of Weak interaction is rotated compared to that of Strong and EM:

d d”
S = VCKM Sm
b b"

N>
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV

The Cabibbo—Kobayashi-Maskawa Quark Mixing

Standard Parametrisation:

|Vud |Vis| |Vile™
VCKM = |Vcd| . | Vcs| . ‘ VCb|
|Viale™  [Visle™ |V

» Expanding [Wolfenstein] the CKM matrix as

Vil 2 X[, |Va|= AN, Vi = AN} (p - in)

1-IX A AN (p - in)
Vekm = -A - N AN +O(\h
AN -p-in) -AN 1

N>
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV
The Unitarity Triangle: Visualizing CP Violation
> Vckm is a unitary matrix: leads to constraints like

Vg Vb + Vg Vip + Vig Vi = 0

» These form triangles in the complex plane.
» Excellent test for Standard Model & target to search for New Physics
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV Roadmap
The “BJ-BY Mixing Phases”

Neutral Meson Mixing

W b u, ¢, t q
B 1% 14 B)
1% q u, C,t b
» Complex phase associated with mixing process
q =2arg(VigVip) 9)

> In the Standard Model
0" =28 , ¢V =285 = -2)\’n=-[0.0364 + 0.0016] rad (10)
» Measured in B® » Jip K and B? — Jjp ¢, respectively
Disclaimer: These quantities are convention dependent,
but their associated observables are, of course, not.

N>
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV Roadmap

Measuring CP Violation: Interfering Paths

Necessary Conditions:

» Two interfering amplitudes
AP~ f)=A+BeWetes AP - Ff)y=A+Be'"WVes  (11)
» One relative weak phase (CP odd) + one relative strong phase (CP even)

CcpP
<«

» “Direct CP Violation”

“Yer  |a+B|<]A+ B

N>
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» Interference between multiple decay paths (for example: Tree + Penguin diagrams)
» Key Measurements: BY - h*h™; v from B* - D°h*

where he {m, K}

» Interference through Virtual (loops) and Real (intermediate decay) contributions

» Key Measurements: Semi-leptonic asymmetries a5 & a from Bg - Djp'v
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> Interference between direct decay and decay after mixing

» Key Measurements: f3 from B® — Jip KO; és from BY — Jjpp h*h™
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV Roadmap

Time-Dependent CP Violation

Decay Time Evolution:

» For the decay into CP final state B — f

|A(B(t) —» ) IWPe ™[ cosh(ATqt) + Aar sinh(Algt)

+ AL cos(Amgt)+ A sin(Amgt)] (12)
A(BS(t) - ) = |NPe [ cosh(ATqt) + Aarsinh(Alqt)
~ A cos(Amgt)- IC’}éxsm(Amqt)] (13)

» where Amg=my—-my, Alg=T -y and
» Thus |A(Bq(t) - )P #|A(Bq(t) = )

CP Asymmetry:

() = |A(Bg(t) = F)? = |A(Bq(t) = ) _ AL cos(Amgt) + AT sin(Amgt) (14)
PN = ABO(£) > F)P + JABY(t) > F)P  cosh(AT4¢/2) + Aar sinh(AT 4t/2)

[Conversion rules for the HFAG convention: A% = Cr and AG™ = —S¢.]

N>
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV Roadmap

The Famous sin 23 Measurement

B-Factory Precision:

» The mode B® - Jji KS:

|A(B® > Jhp K2 =

» Achievable precision justifies the approximation: z E
= 300 -
. :ézm =
A ~0 Zio 3
ace(t) » nAGS -sin(Amgt) = sin(28) sin(Amgyt) ?2“;3— E
7o

Zoaf W

04 E

> detector effects dampen the oscillation 5 6 SR
[BaBar, arXiv 0808.1903]

N>
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV Roadmap
Entering a New Era for Precision Measurements

Subleading Effects:
» Current precision: ¢4(B® - JWKS) = (42.1+1.6)°
» Goal for LHCb upgrade + Belle Il: o4, (B° - Jrp K2) = 0(0.5%)

» Need to have a critical look at assumptions underlying these measurements

» Experimentally measure an effective mixing phase
¢4 (B > JWKS) = pa + Dy

Apg = O(1°) is a shift due to penguin topologies

v

» Controlling these higher order hadronic effects becomes mandatory!
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JpV Roadmap

Introducing Trees & Penguins

% Tree Topology /Q\ Penguin Topology

u,c,t
By w X

b q
q q
Decay Amplitude:
A(By > f) = N¢[l-bre’e™] (15)
A(BY — ) =neNe [1- bre” e ] (16)

» N represents the tree topology, by the relative contribution from the penguins,
pr the associated strong phase difference and ~ the relative weak phase difference.

N>
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV Roadmap
Observables
Penguin Shift:

—2 by cos prsiny + bZsin2y

sin Agl = 2 (17)

(1 -2bf cos pr cosy + b2) \/1 - (Ads(B—1))
cosAqSZ: 1 — 2 bf cos pr cos v + bZ cos 2y _ (18)

(1 -2 bf cos pr cosy + b2) \/1 - (Ads(B—1))

CP Asymmetries:
ir 2 b sin prsiny
A (By > f) = 19
c»(Bq ) 1 -2 br cos ps cosy + b? (19)
mix sin g — 2 by cos prsin(dg + ) + b sin(pg +27)
B g f = q q q 20
Ace"(Bq ) nf[ 1 -2 br cos pf cosy + b? (20)
€0s g — 2 by cos pr cos(¢q +7) + b? cos(pg + 27)
B f)=- 21
Aar(Bq = f) nf|: 1 — 2 b cos pr cosy + b2 (21)
> Not all independent

[A ) + [AG) + [Aar]’ = 1 (22)

N>
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JpV

Controlling Penguin Effects

Strategy:
Measure the CP observables

U

)

Determine b and p from the CP observables

J

Calculate the shift A¢(b, p) with b and p

> Now we only need a decay that is sensitive to b and p

Bl
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JpV Roadmap
From Topologies to Penguin Parameters: Hadronic Amplitudes
%& Tree Topology Q Penguin Topology
J/0
ofgn s
Bjy h’
b ) s(d)
u,c,t
Bi 0 W O K¢
d(s) d(s)
Filling in the Details:
A(B® = JWKS) = Vs Vi (Afree + Agen) + Vs Vi Agen + Vis Vi Agen (23)

> Which can be rewritten as

A(B® — Jjp K3) = (1 - %)\2) A’ [1 +ea eia’e“"”]

/ c c A
A = NA(Af e + Aben = Aben) €= 73 ~0053  (24)
L )\2 ALI _ At
7 i pen pen
=Rp|l-—=— || —r—— 25
°e b( 2 )(Atcree+A|§en_A;t)en) ( )

N>
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV

Controlling Penguin Effects

B® > Jh K2 Again:

Roadmap

A(B® — Jjp K3) = (1 - %)\2) A’ [1 +ea eie’ei"”]

» Not sensitive to a’ and 6" (Penguin contribution are suppressed)

The Little Brother: B? — Jj KS:

A(B? > JipK?) = —)\A[l - ae"ee’”']

» Sensitive to a and 6 (No suppression of penguin contribution)

Symmetry Relation:

> Decays are related via U-spin symmetry: interchange all s <> d quarks

» 1-to-1 correspondance between all decay topologies

’ a=a & 0'=0

N>
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Introduction Flavour Physics Framework Bg — J P Bg — Jfp Kg Bg - JypV

How Good is U-Spin Symmetry?

Factorisation Framework:

» U-spin breaking comes in two flavours:
factorisable effects and non-factorisable effects

» Non-factorisable effects are suppressed

» Factorisable effects can affect the amplitudes Aiee and Apen

Amplitudes:
A(,) = >‘2A(A‘free + A;en - A;t)en) o< fgd/sﬂK(qz = Mﬁ/w)

» Affected by factorisable U-spin breaking: f5_/fg, .k =1.16 +0.18

Penguin Parameters:

2 u t
i0 A Apen - Apen
=Rp|1- -
7€ ’ ( 2 ) (Agree + Agen - A|t)en

» Factorisable effects drop out in the ratio

N>
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Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV Roadmap

Strategies based on SU(3) Symmetry Relations: Part |

Strategies for B® — Ji K2:
BY — Jhp K2: R. Fleischer, arXiv:hep-ph/9903455.

> Theoretically cleanest option
> Only possible for the LHCb Upgrade

B® - Jhpm®: S. Faller et al, arXiv:0809.0842 [hep-ph]

Global fit to B® — Jiy K2, B* - JppK*, B* - Jppn* and B® — Jhp7°
> Largest theoretical uncertainty
> Smallest statistical uncertainty

N>
o
NI!!ef Kristof De Bruyn (Nikhef) Hunting Penguins CPPM (16-03-2015) 26 /53


http://arxiv.org/abs/hep-ph/9903455
http://arxiv.org/abs/0809.0842

)
it
S
0
i)




Introduction Flavour Physics Framework Bq — Jy P Bg — Jfp Kg Bg - JypV Roadmap

Global Fit to the By — J/i) P Data

Group |: Cabibbo-Allowed Penguins:
» Bt = J//l)ﬂ-+ Adlr

C B B AL, AZE : _
5 ip _, _ i0
v BY - JOK: B ’N W be ae ‘

A(B = Jppf) = -XA[1-ae”e]

Group Il: Cabibbo-Suppressed Penguins:

A(B— Jjpf)=(1-3)) A[1+eae”e"]

» B" > JWK": B, A%

s _ 142 ip _, i0
» B > JppKS: B, A, AT N~ (1-30%) A, be eae

Assumptions:
> Ignore non-factorisable SU(3) breaking: There is one universal a and @ variable
> & (Penguin-)Annihilation contributions are small and can be ignored

> We have control channels to cross-check this assumption:
BY - Jhpm® and BY — Jhp p°

N>
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Introduction Flavour Physics Framework Bg — Jy P Bg — Jj Kg Bg - JpV Roadmap
Consistency Tests of the Data: SU(3) Limit

Ratio Test:

» Define
Ph B, — Y) T8, B(By— JiyX
E(Bq N J/¢X7Bql N J/’Lb Y) = Sp( q J/¢ ) Bq ( q /d) )theo

PRSP (By = JuX) 75, B(By = V) 2

» In SU(3) limit and neglecting additional topologies:
Phase-space corrected branching ratios of similar decay modes should be identical

[ EBs— J/er’, Be= J/YK) L 101+0.14
™

E(B* — J/yr*, By — J/YKY) —t 1 1.0340.12
= [ E(Ba— J/en®, B — Jjyprt) — 0.98 + 0.09
Z | 2(BE = K, By— JJUKY) e 1.03 £ 0.05

0.8 09 1.0 1.1 1.2

> Picture supported by the data

N>
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Introduction Flavour Physics Framework Bq — Jy P Bg — Jfp Kg Bg - JypV Roadmap

Consistency Tests of the Data: H Observable

One More Observable:
» Decay rate information can be included in the fit via
1| A PhSp(By = JWKS) 150 B(Bs = JWKS),, .

" e| Al PhSp(Bs > JKS) a0 B(By — JK2)

; (29)

theo

> Within the assumptions made: H observable should be universal

H(B* = Jfyr*, B — J/bK*)| /HH 1.13 4 0.20 (stat.) % 0.31 (FF)

H(B* — J/ym*, B* = J/OK*)|, . E 8| 1.22+0.04 (stat.) £ 0.34 (FF)

H(B* = J/bn*, By — J/YK°)| b 1.16 4 0.21 (stat.) + 0.32 (FF)
H(By— J/¢m, BX = J/OK*)| 7& {1194 0.11 (stat.) & 0.33 (FF)
%

H(By— Jjyr°, By — J/0K°)| FH— 1.23+0.11 (stat.) + 0.34 (FF)

H(Bujay = J/4m, Buay = J/K)|

FH— 1.22 % 0.04 (stat.) £ 0.34 (FF)

%—F 0.93 % 0.10 (stat.) & 0.29 (FF)

0.0 05 1.0 1.5 2.0

Within current precision, there are no indications of large non-fact. SU(3) breaking
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Introduction Flavour Physics Framework Bq — Jy P Bg — Jfp Kg Bg - JypV Roadmap

Grand Fit: Contours

1.0 ‘ : : ; W :
a =027 == A% (Bi — J/yr’)
091 6=(1985'53) BBy — J/yn%) ||
0.8F Oq = (4354:32)0 H(B(u/d) - J/,L/}(ﬂ'/K)) ]
= 39% C.L.
0.7Hc—= 68 % C.L.
C2290% C.L.
0.6}
3 0.5}
0.4}
0.3}
0.2F
0.1} B
X : : : ‘ ‘ :
90 110 130 150 170 190 210 230 250 270

0 [deg]
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Introduction

Grand

Ninef

Flavour Physics Framework

Fit: Contours

Bg — Jy P

U U U
By — Jjib Kg Bg = JpV

1.0 : ‘
a=0259% — Ad" (Bd — J/w )

09H g =(180.7£3.6)° WX(By — J/yp70)

osll  %a= (355 H(Buay = J/¥(n/K)) ||
== 39 % C.L. mm ASL(BE — J/yrE)

0.7Hc= 68 % C.L.
£2290%CL.

0.6}

0.5}

0.4}

0.3}

0.2}

0.1}

0.0

Kristof De Bruyn (Nikhef)

170 190
0 [deg]
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1.0

0.9}

0.8}

0.7F

0.6f

a= 025157
0 = (180.813%)°
¢a = (43.5739)°
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— 68% C.L.
cI290%C.L.

T

130

150

170 190
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\

210 230
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T

130
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Introduction Flavour Physics Framework Bq — Jy P B'sJ — Jp Kg Bg - JypV Roadmap

Grand Fit: Contours

1.0 : : : : :
a=019701 = AT (Bi— Jjom)
091 6= (179.5 + 4.0)° Vs o ABR(Ba = J/yr°)
sl di=(32E18) / H(Buya) — J/9(1/K)) ||
ez 39% C.L. / = ALL(BE — J/yrt)
0.7H= 68% C.L. ) = AS(By — J/YK)
L__QO%CL / Adlr(Bi%J/d)Ki)
0.6} ] /
o H(Byja) = J/VKY)
S 0.5} \
0.4}
0.3}
0.2}
0.1}
0y 150 170 190

0 [deg]
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Introduction Flavour Physics Framework Bq — Jy P Bg — Jfp Kg Bg - JpV

Grand Fit: Setup & Results

Inputs:
» CP asymmetries & branching ratios listed previously

» Gaussian constraint: v = (70.0%6)

Caveats:
» AZX(B® » Jhp®) and AT (B® — Jip K2) depend on ¢q4
» Directly determined in the fit by explicitly including A¢q(a,,)

Roadmap

» Time-integrated BY — J K2 branching ratio is converted to the theoretical one

Fit Results:
2a=0.19731, 0=(179.5+4.0)° ,
¢ = (43217%)°, v =(7097528)"

> with x2,, = 2.6 for 4 degrees of freedom

> This corresponds to
0 o

N>
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Hypothetical Scenario for End of LHCb Upgrade:

AL (B, > JWKD) = 0.00+0.05, v =(70£1)° (30)
By > JPKS) = -029£0.05,  hs = — (2.1 % 0.5]exp % 0.3]theo)° (31)

Penguin Parameters:

0.5

a=0.189 £ 0.034 = AG(B, = J/VKY)

0= (179.5 £ 9.4)° mm AU (B = J/UKY)
== 39 % C.L.
04 = 6s% C.L.
22 90% C.L.

a=0.189 + 0.034
0 =(179.5 +9.4)°

0 [deg]

| «O>» «F>r «=» «E» = Q>
Ni.'ef—
PN



Including SU(3)-Breaking Corrections:

—0.5

o' =0.189 £ 0.034 7J52
6= (179.5 £ 9.4+ 20.2)°

90 A6 = (109 40,20 2020)¢
&< 39 % C.L. . 7
1 68%C.L. B, = J/VKS)
72 90% C.L. == A(Bs = J/UKY)
20 T0 om0 B0 0 W0 @0 20 20 20
0 =0+ 0 [deg]
JPKS _ +0.20
AgyY"S = —(1.09 +0.20 (stat)

-0.24 (U—Spin))o )

«O> «Fr «

(32)



Introduction Flavour Physics Framework Bq — Jb P Bg — Jfp Kg Bg - JypV

Benchmark for the LHCb Upgrade: Hadronic Parameters

Constraining Hadronic Amplitudes:

> The penguin parameters predict
H(a,0y) = 1.172 +£0.037 (a,6) £ 0.0016 (£,0)

» Compare with branching ratio information

Al | PhSp(B: > JWKS) e, B(By = S K)o
A (2,0) PhSp (Ba = JW KS) 78, B (Bs = JW K2) oo

> This leads to

AI
— =1.160 + 0.035
v +
exp
» LCSR calculations give
A =1.16+0.18
A fact

N>
Nl!!ef Kristof De Bruyn (Nikhef) Hunting Penguins CPPM (16-03-2015)
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Strategies based on SU(3) Symmetry Relations: Part I

Strategies for BY — Jj ¢:
B® — Jhp p°: R. Fleischer, arXiv:hep-ph/9903540

> Theoretically cleanest option

B2 — Jj K*°: R. Fleischer, arXiv:0810.4248 [hep-ph]

> Requires decay rate information

Combined fit of B — Jp° and B? — Jjp K*°:

» Does not require input from QCD calculations (Form factors, factorisation assumption, .. .)
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Strategy 1: Analysis of B® — Jj p°

PRL 114 (2015), arXiv:1411.3104
3500 T T T
3000 LHCb 4
2500
2000
1500
1000
500
0

8
8
)

2500 e

Candidates/ 0.05

Candidates/ (0.05Ttrad]

Nominal Setup:
A
V2

B - Jjpp: bre" — ape® . N> -"-Ax,  with ke{0,],1} (38)

» Expect in general ap # a # a,, because of

» Polarisation-dependent hadronisation dynamics and non-factorisable effects
Simplified Setup:

> No polarisation dependence seen in current data

> Assume universal set of penguin parameters: ap = aj = a, = ayy,

N>
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Flavour Physics

Framework

Bq

— JpP

Polarisation-Independent Fit for B® — Jji) p°

Bs — Jfp Kg

0.1

7Hez2 90% C.L.

@3/ — 00400,
0,70 = —(6TH3)°

=2 39% C.L.

— 68%C.L.

0.0

Results from 2 fit:

aypp = 0.037

+0.097
-0.037 »

corresponding to a shift

\ief

ApY? = (0.08"

Kristof De Bruyn (Nikhef)

~180-160—140—120~100 =80 —60 —40 —20 0

0.56
0.72

= A& (Bi— J/¥p")
AL (Ba— /")
= AE(B, — J/ye)

20

01/0p [deg]

Op = = (6711

(stat.)

10 60

)

+0.15
-0.13

Hunting Penguins

80 100 120 140 160 180

ApTP = (15

(5U(3)))° .

+12
-10

-
A%

)

CPPM (16-03-2015)

Roadmap
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Polarisation-Dependent Fit for B® — Jj p°

Longitudinal Parallel Perpendicular

B

= AT (Ba o d/0r0)

Results from 2 fit:
a0=0.051 340 6p =~ (987H2)°, ApY P = — (004138 (stat.)*T12 (SU3)))” ,
o J) o
ay = 00657081, 0y =—(89718)°, At = (0.00:0€1 (stat) 7L (SU3)))°

a =00313 988, 6= (35728)7, Ae = (0.1478:8 (stat.)*31] (SU3)))° .
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Strategy 1: Analysis of B® — Jj p°

Bg — J P

Additional Opportunities:

By — JJY Kg

Bg = JpV Roadmap

» Penguin fit of B® — J/1/)p° does not use decay rate information

» Get experimental access to ratio of hadronic amplitudes

Al

£ (39)

A
» where f; is the polarisation fraction

Results:

Ay(Bs = I d)
Ao(By — I p°)

l 1(Bs = I $)
Ay (Bg ~ I p°)
A\ (Bs = I 8)
AL (Bg > %) s

» This is already competitive!

NiEef

=1.06 +0.07 (stat.) + 0.04 (ao, 6o) ,

exp

=1.08+0.08 (stat.) +0.05 (a” s 9”) s

exp

Kristof De Bruyn (Nikhef) Hunting Penguins

ey PhSp(By — JpX) Te, B(Bs > S d)ue f]
- @O PhSp (Bs — S ) 16, B(Bq > S X)es i

=1.24+0.15 (stat.) £ 0.06 (a,,6,) .

P. Ball and R. Zwicky, arXiv:hep-ph/0412079

Ao(Be 2 J00) |y 434042
Ao(By = I p) ey
A (Bs — J
|”(7/w¢0) = 1.3740.20
A1(Ba = S p7) liper
1(B, >
AB = IO | 5015
AL(Ba = I p7) lgper
CPPM (16-03-2015) 46 / 53
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Strategy 2: Analysis of BY — Jiy) K*°

> Flavour-specific final state
» Only direct CP violation in this decay [Not yet measured]
= Interesting new constraint
> Need to complement this with decay rate information
_1|Af|* PhSp(B. = Jp¢) B(B: > S K theo f

"7 e |Ar| PhSp(B. - JWK™©) B(Bs— Jhp)neo f! (40)

As

Challenge:
Requires theory input for |A’/ Al
= Currently form factors only poorly known from LCSR (or Lattice)
Affected by factorisable & non-factorisable effects

= Theoretically not a clean observable

’ Given the performance of B® — Jj p°, what extra insights can B — Jjip K*° provide?

N>
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Strategy 3: Bg — Jhp V Fit Strategy

Alp f(By— T/ud") ATV AL 5(Bs — J/9)
A“l”\_v (Bg — J/vp0) \ A“”\u ((Bs — J/)o) .

/ 1 \ Minimal Fit

|B(Bs— /0] (BB, = Jjox™) | AT (B = T oK)

New Link
h Extended FitJ

| Test Old Input

QCD Calculations
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Strategy 3: Bg - Jhp V Fit

Hadronic Amplitudes:

» Combined fit assumes
‘ Al(BS > I o)
Ai(B® ~ I p°)

‘ Ai(BS > Jfb¢)
Ai(B2 > Jp K*0)

> No input from QCD calculations necessary

Results from Current Data:

Bl
Nl!!ef Kristof De Bruyn (Nikhef) Hunting Penguins

U
A%

2\ 10738, 20=0.05%¢E 0o = - (o81125)°
I‘”' - 1.088" 0 , a) = 0.06"3%2 , 6, =-(8936)°
A’L =1 21+0.18 =0 03+0412 9, = 35+223 °

le =l.zl o013, a, =U.U5 ¢.03, L= ( 7252) .

CPPM (16-03-2015)

Roadmap

(41)
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High Precision Constraints:
» D¢y from BY — Jhb K2

» Ags from B® — J p°

Subtle Interplay:

A(bd/ ba

BY — J/yK

By — J/vp
—y A
» Could benefit from one complex fit ...
NiEe

«O>» «Fr « =)

« =

DA
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Connecting ¢4 and ¢s

Hunting New Physics:

> We need both ¢4 and ¢s to pin down new physics
> Rp will be the show stopper

Current LHCb Upgrade/Belle 11
1 =1 non—MFV E
=] {He=m Standard Model O Lo
= LHCb Upgrade/ B )
3 Belle II Era - N L5
? 2 o~ L
! ML
0 NP Lo
-1 T =T 77 T
3 P . 3| o
=4 % F= - -4 Lo
3 10 15 50 5 5 10 s ) o
&4 [deg] @i [deg]

» lllustration for flavour-universal CP-violating new physics (non-MFV models)
AT = A7 = 4, (12)

> leading to
¢s:¢d+( §M_ (SiM)a . (43)

N> F = = C
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Conclusion

» Controlling higher order corrections to ¢4 and ¢s becomes mandatory

» Illustrated strategies to get these corrections directly from data
based on SU(3) flavour symmetry

» Key players: BY - JipKS, B® — Jpp p°, BY - Jp K*°

» Highlighted new possibilities to get insights into ratio of hadronic amplitudes |.A'/ Al

Credit: David and Sarah Cousens

N>
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