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What is a penguin?

Standard Model Penguin New Physics

b < s(d)
\
N\
\

?2 N +
) \
1 N < H

\
i
- iM/
quantamagazine.org —> Indirect search for new heavy particles
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Fermi’s theory of Beta Decay

» Beta decay described by 4-point interaction with
coupling strength G :

& > d )

n<u U>p

Complete dynamics of heavy virtual
particles described by 1 parameter!
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Effective operators

» Effective operators correspond to different
physical processes, i.e.:

« Photon penguin 0;:

real photon ——

» Electroweak penguin Oq, 04:
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Effective description

» Effective Hamiltonian for b-s transition (leading contribution):

Heff — __thVtS Z C 0
/ =12 Tree
I =3-6,8 Gluon penguin
=7 Photon penguin
Coupling Strength C; = Wilson coefficient 1=9,10  Electroweak penguin
> Sensitive to New Physics 1=S,P Scalar/Pseudoscalar penguin

» Decays sensitive to different Wilson coefficients:

B - XS)/ C7
B — (XSI K*)l+l_ C7, Cg, ClO
B - putu” C10, Cs, Cp
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Observables

* Most basic and possible with least statistics: Branching Ratio

@ But: Large theoretical uncertainties due to hadronical part
(form factors)

© In ratio measurements many uncertainties (theoretical and
experimental) cancel:

- Ratio of different decays

- Ratio of different phase space regions
- angular measurements (forward-backward asymmetry)
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g? dependence

Results look like:

BO » K*Ou*pu- -
'u 'u (;r: 10;§SM:Lattice>)
ﬂ 3
i I/
g T o n
Y(25)
C7 Cy
interference
Cg and ClO
N ——
1-6 GeV?2 ’
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Charmonium Resonances LHCb-CONF-2015-002
BO N K*O,u+,u_
— 20
ﬁE) - L i S .
T s | | signal LHle 10
T reliminar
B 16f, ol i | ¢(25)p 5 Y
= R el | b c
w p ) S S e B 10° o z
120 I T
10 & u BN EE E n . “__n 102 _ l‘:
ek oy — ‘ ‘
1 ; ._I ::IE _—t“_l | = IJLI | ]
63;35? A S . > Tree level decay:
41_i 2 o e - ~100 times more events
gt o e’ . R than signal decay
C -L| | 1 | | | | 1 | | | | 1 | | 1 | |
07352 §53 54 55 56 57 !
y ; m(K*mutu) [GeV/c?]
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Rare decay:

~ 3000 signal candidates
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Recent measurements

Branching Ratio Lepton universality
BOt - KOt*tutu~ (LHCb, Mar 14) Bt - K+t~ (LHCb, Jun 14)
B? - K*Ou*tyu~ (CMS, Jul 15)
B > putu- (LHCb, Jun 15)
Bt > mtutu~ (LHCb, Sep 15) @/@(u*u‘/e*)
N> Autu~ (LHCb, Mar 15)
B?S) > utu~ (CMS+LHCb, Jun 15)
Angular (LHCb, Jan 15
CP asymmetry RO _ g*oy+;—  LHCb, Mar 15
B* - mtut - (LHCb, Sep 15) (B:';"Bsa'rf;'\'ugs 5
Isospin asymmetry BT - K*"I*I™  (BaBar, Aug 15)
. B = ¢ u*u™  (LHCb, Jun 15)

BO* - KO*t**ty*tu~ (LHCb, Mar 14)
A)— Aptu~ (LHCb, Mar 15)
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Recent measurements

Branching Ratio Lepton universality

BO+ o KOyt~ (LHCb, Mar 14) B+ - K1t~  (LHCb, Jun 14)

B? - K*Ou*tyu~ (CMS, Jul 15)

B> ¢putu” (LHCb, Jun 15)

Bt — 7I+,u+u_ (LHCb, Sep 15) 20 deviation
. from SM

Ap— Ap*u~ (LHCb, Mar prediction

BY,) — putu (CMS+LHCb, Jun 15)
(LHCDb, Jan 15
CP asymmetry RO _ g*oy+;—  LHCb, Mar 15
_ M | 1
Bt > ntutu (LHCb, Sep 15) \ x (B:aBSa’rJZugSB)
Isospin asymmetry B* — K*™"I*I”  (BaBar, Aug 15)
0 _y o 1t—
BO,+ - KO,+,*+M+M— (LHCb, Mar 14) % ¢ U u (LHCb, Jun 15)

A)— Autu~ (LHCb, Mar 15)
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Branching Ratio

=3 =
- € - . . = Z =
" 2 - - ad i - - -« '~ En
o Y I P
p - . y - ’ . ~ 4 ; g e < - ]
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BR of B® - K*0utu~ CMS, arXiv:1507.08126

__,,CMs 205" (BTeV)| transition: b-s
i) - —$— Data SASRNNNY .
E 1of XY (SM, LCSR ) JHEP 09 (2010) 089, JHEP 02 (2013) 010 spectator: d
x [ [ZZI(SM, Lattice pRrp 89 (2014) 094501 ‘
I‘9 —_
Nc_ [~
- }—$—|
2 .
o Compatible to SM
predictions
0 1 | | | | | 1 1 1 ‘ | | 1 | 1 1 | ‘ | 1 1 | 1 [ [ ‘ 1 1 1 | | | | | 1
2 4 6 8 10 12 14 16 18 _ .

. g (GeV?) « Compatible to previous
0 #CMS (7, 8 TeV) results
% L LHCb PRL 108 (2012) 181806 (1fb ~1) /
© 10 BaBar PRD 79 (2009) 031102
e Belle PRL 103 (2009) 171801
o 8 CDF  PRL 108 (2012) 081807
o f » 8TeV update from LHCb
© 6—
5 F i ] —4— soon
© L '

= i i

2-

O:I 1 1 ‘ 1 | - ‘ 1 | - ‘ L1 | | | I 1 ‘ 1 | - | 1 | 1 | | - | | | - 1 | 1
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q° (GeV?)
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BR of B+ — KO+*+,+ - LHCb, JHEP 06 (2014) 133

B > Ktutu~ transition: b-s
_WmICSR  Lattice »-Data Spectator: U,d
> 3
(] ]
< LHCb 4
Y .
X .
% e Inlow g2 region below SM
= .
prediction
5T 0
7> [GeV?¥c4]
B+ - K*+u+#— BO - Ko_ll+_ll_

_ og -LCSR ‘ lLattinl: T._.Dmfa. . . -LCSR . ILatticeI: T._.Dat.a. L
> ] ; > :
Q ish LHCb - Q LHCb 4
© 1 © ;
X E X
S <
s s
q s o NI e N
o 15 20 % 15 20

¢ [GeV?/c] 7 [GeV¥c?]

SM: JHEP 01 (2012) 107
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B

A b O N 0o WO

O = N W

dB(B'—ouu)/dg? [10°GeV2c4]
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R of By — ¢putu~

LHCb, arXiv:1506.08777

3.30

| T I T
LHCb
| SM pred.
//.SM (wide)
-=Data
+Data (wide

N

SM (wide): Altmannshofer, Straub, arXiv:1411.3161

Thomas Nikodem
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q* [

Heidelberg University

transition: b-s
spectator: s

* Narrow ¢ resonance:
—> clean signal

* Inlow g2 region below SM
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BRof Bf » wtu*tu~ LHCb, arXiv:1509.00414

* LHCb APRI3 % HKRI15 # FNAL/MILCI5 transition: b-d
| | spectator: u

N
n

T LHCDH

APR13: PRD 89 (2014) 094021
HKR15: arXiv:1506.07760
- FNAL/MILC15 arXiv:1507.01618

]

{ &)
AR

« p%/w resonance clearly

dB/dg? (107 GeV-2c)

0.5 ' E visible
e + Only in HKR15 calculati
G 0 20 yin calculation
2 (GeV?*/c* low g2 resonances taken
e T S into account

oo

« Agreement with SM,
however again everywhere
slightly below

p®/w resonance

\H._.

Candidates / ( 0.05 GeV?/c*)

|[[IIIIIIII'

0.2 0.4 0.6 08 1
g% (GeV?¥/c%)
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BRof Bf » wtu*tu~ LHCb, arXiv:1509.00414

) s * LHCb APR13 ¥ HKRI15 # FNAL/MILCI5 transition: b-d
A | | : spectator: u
g LHCb

e In combination with B - K*tu*u~
measure:

v,
—2| = 0.247385 pt
Vis

* Most precise measurement in process
with penguin AND box diagrams

More about CKM angles:
Today 11:40, James Libby

= | | | |
SE A RNERR RN N AR R
0.2 0.4 0.6 0.8 1
g% (GeV?¥/c%)
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BR of A} — Autu~

LHCb, JHEP 06 (2015) 115

1.8
1.6
1.4
1.2
|
0.8
0

0.4

dB(A, — A ) /dg’ [107(GeV*/chy ']

Candidtates per 30 MeV/c?
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T T T T T T T T T T T T T T T T T
SM prediction POS(LATTICE 2013)024

*~ Data

F===79 - —

16 -
; 4.0,6.0] GeV/c* 3

T

3300 5000
M(A ) [MeV/c?]

Thomas Nikodem

Candidtates per 30 MeV/c?

transition: b-s
spectator: u+d

» Two spectator quarks:
complex theory, different form factors

* Inlow g2 region below SM predictions,
even compatible with zero

80
70
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50
40
30
20
10

LHCb
[16.0,18.0] GeV?/c*

3300 6000
M(Aup) [MeV/e’]

i 1
5400 5600
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BRof By —» utu~ CMS+LHCb, Nature 522, 68-72 (June 2015)

transition: b-s,d

e b-s(d) transition without
spectator quark

» sensitive to other C; then
decays presented until now

7 Ratio:

CMS and LHCb (LHC run I)
I L e e e e e

= [y]
o o
I‘IIII|IIII‘

CMS and LHCb (LHC run 1) - spectftor. il
(;\‘5:: : T | T T T | T T T T T T ‘ T T T T : b u
% 60 — —4$— Data ]
= C —— Signal and background ] L[/ +z()
S 5ok B = Bg /
& L B> p'y” . —
% L -+ = Combinatorial background | L L
% 40 s iMoo Semi-leptonic background S .
o = — = Peaking background = ,Uz
o - .
c 30 | T
© _
o .
O ]
2 ]
= _
o .
© .
= =

_____________________________

SM: PRL 112(2014) 101801
BR(B? —» u*pu~) = (3.66 + 0.23) - 1072 A s R = 5Eom — 14+
BR(Bg > utu™) = (1.06 £ 0.09) - 10710 -

Measured (CMS+LHCb,7+8TeV)

BR(BY — u*u™) = (2.8%37) - 107° -
BR(Bg —» utu™) = (3.9%15) - 1070 L

0.1 0.2 0.3 0.4 0.5
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BR ratio and asymmetry

Ken FUNAKOSHI
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Lepton Universality LHCb, PRL 113, 151601 (2014)

transition: b-s

 Ratio of Branching ratios: spectator: u
+ ot -
R, = BR(B“ K HH ) —--LHCb -m-BaBar —a—Belle
X7 BR(Bf » Ktete) v T T T T ]
= 0 LHCb 1
. :

» \ery precise Standard Model

prediction: 1 1]~ —
Ry = 1.00030+00010 N :
« Measurement from o
LHCb in g2 1-6 GeV2: 0 . 10 b
q* [GeV~/cH
Rk = 0. 745f8:832($tat-) + 0.036(syst.) SM  Bobeth et al. arXiv:0709.4174

BaBar PR D86 (2012) 032012

> 2 60 from SM prediction Belle PRL 103 (2009) 171801
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[sospin asymmetry

LHCb, JHEP 06 (2014) 133

« Test effect of charge of
spectator quark

e Consistent with SM

transition: b-s

d/u d/u | spectator:u,d

[(B® - KWu*u™) —T(B* - K™*uty”)

A(B > KWptum) =

- LHCb B —oKu'u
0.5

0 i—}—-f— ++—+—

_1- 1 1 1 1 | | 1 1 1 | 1 1 1 1 | 1 |
0 5 10 15

L P I T
20
g2 [GeV?* 4]
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]

<

[(B® - KMOu+u=) + I(B* - KM+ pu+yu~)

1

CLHCh B KW + I

0.5_— .

of T ++_+_ --------------- 1 sM=0(1%)
-+ + z

0.5k .

I: ' '

_ L L T RS SRR R
0 5 10 15 20
g2 [GeV¥/c4]
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CP asymmetry LHCb, arXiv:1509.00414

transition: b-d
spectator: u
(B~ »n uty™) —TB" »ntu*u™)
(B~ —->nmn u*tu™)+T(BY > mtutu~)

Acp(B » mu*p™) =

e Sensitive to interference effects

 Measured in g? 1-6 GeV=:

Acp(B » mutu~) = —0.11 £+ 0.12(stat.) + 0.01(syst.)

* SM prediction (Hambrock et al., arXiv:1506.07760):

Acp(B > mu*p™) = —0.141503

- Consistent with SM
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Angular measurements
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Past: ete™ » utu~ @ LEP

» Forward-Backward asymmetry:

Backward

Forward
u
* by counting:

N forward — Nbackward

App =
Nforward + Nbackward

e by Maximum Likelihood fit:

1 do
odcos@

= 3(1+ cos? 6) + Agp cos

17.09.2015 Thomas Nikodem

AFB [ - ————— . ————
04 Muons
0.2
0
oo ot l
0.4 |
-] i ] L] ] | t
8& 97 96
vs (GeV)

DELPHI, Nuclear Physics B 367 (1991) 511-574
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Present: B - K*0utu~

» Decay fully described by three angles 8, 8, , ¢ and g2

* Normalized differential decay rate: Decay angles:

1 d3(T +T)
d(C+T)/dg*  d§

(1
+3(1 @sin2 Ok cos 20,

cos2 O cos 20, in? O sin? 6; cos 2¢
in 20k sin 20, cos ¢ @in 20k sin 0, cos ¢

Jr%@p}Sin2 Ok cos @in 20 sin @ sin ¢
in 20k sin 20, sin ¢ in2 O sin? 0, sin ng}

F;: fraction of longitudinal polarization of K* Attention:
Different definitions!

b /

S;: angular observables
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Angular B® - K*%utu~ LHCb-CONF-2015-002

Fit projections in g2 bin 1.1-6 GeV?
4D+1D Maximum Likelihood Fit

Blue: signal
to m(Kmup), m(Kn), 3 angles Red: combinatorial background
Besides decay over K* (P-wave) = | iy | o minary |
also decay over Z w00 1 Z
spin O resonances (S-wave) 2 E
S 5 )
Z 50 403
Fit of 8 P-wave observables and
6 (S-wave) nuisance parameters _
5200 5400 5600 . . 0.9 0.95
m(K ) [MeV/e2] m(K'7") [GeV/c2]
S Yo S BT TR 7 N
“é +preliminary b E preliminary S + preliminary -
5 - 5 2
[aa]

1 - -0. 0.5 1 - 2
cos 6, cos 0 ¢ [rad]
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Angular B® - K*%utu~ LHCb-CONF-2015-002

< | Th Fo | ] transition: b-s
- :— - preliminary — | —— . .
06 +R+_ I SM from ABSZ . /_ﬂ_ ] SpeCtator d
iy + ] T ;"‘ ]

L — LHCb
|! _ / preliminary ]
0'2? E r B SM from ABSZ |
.................. -0.57| f . . | IR PR | . . s s 1 N . |7
= ost LHCb 1 7o LHCb
[ preliminary i | preliminary i
: s o 557 ] - vt 7. » In general good agreement
o L Nish . . ..
T L o T ] with SM prediction
: : : ’ "+ —
0.5 - 0.5 -
0 5 i is 0 5 i is
¢* [GeV¥el] ¢* [GeV¥/ ¢4 . .

P P . e S et * In App and S5 in lower g? region

05 LHCb ] ay LHCb ] C g
{\ preliminary ] [ prefiminary ] below/above predictions
‘“ i I SM from ABSZ | I 1

Oi | G+ +.7| . ._+_
N\ )+ = [ o4 _

0.5 | . . - 0.5 . . . -

@ 051~ | | LHCb | i @ 031 LHCb
preliminary ] | preliminary

0+ i —l—+ I —Jv—— 0- . ] L l |
EREEE ] e

asf ‘ . . . asp . . . . SM: Aoife Bharucha, Straub, Zwicky,

’ ’ Y Gevye ’ ’ Y lGevie arXiv:1503.05534
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Angular B® - K*%utu~ LHCb-CONF-2015-002

transition: b-s
spectator: d

e T ] « Also fit different observable:
_ LHCb i
0.5k preliminary b Se
| }h ‘ ] P =
- F SM from DHMV : \/FL(l _ FL)
0

e form factor uncertainties cancel
out to a certain extent
-> more precise SM prediction

-0.5

5

<o
th
E L
O
[ ]

In lower g2 region 3.70

2, .
q* [GeV7/ct] deviation to SM observed

SM: Descotes-Genon, Hofer, Matias, Virto JHEP 1412 (2014) 125
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Angular B® - K*0ut -

CMS, arXiv:1507.08126

CMS 205" (8 TeV)

,,,,,,,,
00000000000000000

L

S el N {
SSICARN (rva, S

Ill\l\l\lll\\I‘Hl\l\lll‘. B
_+_ RIS (5558
v
o
e
o

025 |y (SM, LCSR )
0.1= 77 ( SM, Lattice )
I‘ Il 1 Il | 1 1 1 ‘ Il Il Il | 1 1 I ‘\ I‘llll\ Il Il ‘ 1 1 1 ‘ Il
075 4 6 8 10 12 14 16 18
¢ (GeV?)
CMS 205 (8 TeV)‘

w - —— Data
< [
0-85— Y ( SM, LCSR ) JHEP 09 (2010) 089, JHEP 02 (2013) 010

0.6[~ 777]( SM, Lattice ) PRD 89 (2014) 094501

——
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transition: b-s
spectator: d

fit 2D angular distribution 6, 6,

fit S-wave contribution

in good agreement with SM and
measurement by LHCb

Full angular analysis on its way!

Heidelberg University
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Angular Bt — K*0*+[+]~

BaBar, arXiv:1508.07960

92 1-6 GeV?
4 F
K L SM
Babar K** Q. | |
Babar K*° P —
Babar K*°‘+ —
Belle K*™* .
CDF K*° —
7+8 TeVLHCb K*° —e
7+8 TeV cMs K*° F—ff-i
A P B T B I
0 0.2 04 0.6 08
fig modified from 1508.07960
SM: Altmannshofer et. al.
JHEP 0901, 019 (2009)
Belle PRL 103, 171801 (2009)
CDF PRL 108, 081807 (2012)
ATLAS ATLAS-CONF-2013-038
17.09.2015 Thomas Nikodem

transition: b-s
spectator: u,d

Studying in total 5 channels

Subsequent fits of 1D projections
of Ok, 8, (= study F; , App)

First angular analysis of
B* - K**l*l”

At low g% F;, of BY - K**I*1~
below SM.

- Otherwise consistent with SM

Heidelberg University
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Angular BY - ¢pu*tu~ LHCb, arXiv:1506.08777

o el A0 ‘ ' THCS ; transition: b-s
NS F] ol spectator: s
0.5 | —— E 0.0 -] P '

F —+ _+_+ : ‘i‘ I
0.0 e - B 1 -osf |
0.5° 5 10 s 1O 5 10 5 e D ibed imil
7 [GeV/ 4] 7 [GeVYed) escriped very similar to
0 *0, +,,—
r,;1.0; BT c,;1.05 T Bd - K U
. 0.5F ]
o] I —¥—+ ;
L A T i« However, decay not self-tagging
-0.5F ]
-1.0t ' : - . .
S 10 8wy ¢ Measure instead T-odd
e D vich] <M LHCh - asymmetries As g9
0.5F ] 0.5F -
T Y
05;_+ - + N2 u ++ * Measurement of A5 and Ag for
ol | | U B | | o b — sll for first time
o 5 10 15 o 5 10 15
7 [GeV?/cf] ¢ [GeV¥cH]

<10 : ' LTHCb] < 1.0 ; ' LHCb ] . .
0S5 7 05f S - Consistent with SM
AT R
0.5 4 -osf .

o 5 10 R 5 10 15 SM: Bharucha, Straub Zwicky,
g2 [GeV?/c!] g2 [GeV*/cH] ' !

arXiv:1503.05534
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Angular: AY - Autu~ LHCb, JHEP 06 (2015) 115

transition: b-s
= PoS(LATTICE 2013)024 spectator: u+d

SM prediction

« As proton has spin, measure two
forward-backward asymmetries:

Data

ALp same asin By » K*u*u~

AR > in hadronic part

0 5 10 15 20

g2 [GeV?/c4]
e 0
£ LHCb SMprediction At high g2 ALz above SM prediction
0'25_ ~* Data _E
0.1F =
of E
0.1 =
02F s
N1k ] =N I — — =
0.4F I e =
) ) VRSV NSV RPN PRI H D RV R
0 5 10 15 20

q* [GeV?¥/ 4]
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Summary

» Several 2-30 deviations
e 2.60 deviation for lepton universality
* Most striking:

at low g2 sensitive to
C; — Cq interference

| am here ?

POSTED ON LITTLEFUN.ORG
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On the path to New Physics?

Crivellin, D'Ambrosio, Heeck
Phys. Rev. D 91, 075006 (2015)

Descotes-Genon, Hofer,
Matias, Virto
arXiv:1503.03328

Altmannshofer, Straub
EPJC (2015) 75: 382

Beaujean, Bobeth, van Dyk
EPJC 74 (2014) 2897

Hurth, Mahmoudi
JHEP 1404 (2014) 097

Liam Quinn
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Combined Fit Altmannshofer, Straub, EPJC (2015) 75: 382

* Wilson coefficients determined in
x? fit of observables:
Decay Channels:
91 measurements,

18 different observables B(H) o KM+ B - X,I*I-
Bs > ¢ putu” B - Xy
By = utu~ B - Ky
presented today Not presented today:
* Measured by BaBar, Belle and
CLEO

» In agreement with SM,
important to constrain physics!
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COmbined F|t Resu|ts Altmannshofer, Straub, EPJC (2015) 75: 382

AF T T T ]
obs _ NP SM
I Cl - Ci + Cl .
37 .
z2 I
S '
£ 1)
Op - - -7 § Q /e
i SM
N N Ve
-4 -3 -2 -1 0 1

New Physics preferred over Standard Model: 3.7c
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One of the New Physics Models : Z'

b-s(d) transition at tree level:

Constrained by:
» Dilepton/Dijet production
measurements at ATLAS and CMS
* B mixing

- Z' mass at least O(TeV)

17.09.2015 Thomas Nikodem

Exclusion limits depend on
coupling

> Especially, if Z' couples

differently to muons and
electrons still allowed!
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Underestimated Theory Uncertainties?

Charm Loop

i .
-

Straub, Moriond EW, 2015

17.09.2015 Thomas Nikodem

* Charm Loop could mimic effect of
C¥P, both: vector like coupling

» Cannot explain deviation from
lepton universality

» Hadronic effects expected to be
g2 dependent!
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g2 dependence of fit

17.09.2015

Altmannshofer, Straub, arXiv:1503.06199

S h _‘ _____________
| ]
0 5 10 15
q* [GeV?]
Thomas Nikodem

* New Physics expected
to be g2 independent

- No final answer
possible yet ...
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The Future

More precise theory

e hadronic uncertainties

More observables/decays

e asymmetries

» flavour violating decays: B — Kue

More statistics

« LHCb: 8fb~1 by 2019, 50fb~1 by 2030
« CMS/ATLAS: 100fb~1 by 2019, 300fb~1 by 2023
e Bellell 50ab~! by 2024
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Conclusion

Measurement Compatible with SM

Angular

Branching Ratio

CP asymmetry y

Isospin asymmetry J
.

Lepton universality
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BACKUP
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CMS Detector

~.c 4 CMS Detector

CMS/ ! weight : 14,000 tonnes Silicon Trackers

.~ _~_~,ll Diameter :15.0m

~——, | Length :28.7m )
f~——" | Magnetic field: 3.8 T Superconducting
3 JEE— Solenoid

Muon Chambers

Steel
Return Yoke

Electromagnetic d
Calorimeter

Hadron Calorimeter

17.09.2015 Thomas Nikodem Heidelberg University

44/42



LHCDb detector
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BaBar detector
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Relations Altmannshofer, Straub, EPJ C73 (2013) 2646

2.2. Preliminary considerations

Before turning to the numerical analysis, it is instructive to make some analytical considerations
as to which Wilson coefficients have to be modified to explain the tensions in the data. An
immediate observation is that all three tensions occur in CP-averaged observables, so there is
no need to invoke non-standard CP violation, i.e. the Wilson coefficients can be kept real.

To get an analytical understanding of the dependence of the relevant observables on the
Wilson coefficients, we can derive approximate expressions, valid for small NP contributions,
neglecting interference terms between NP effects in different coefficients. We find*

(Frpg =~ +0.77 +0.25 C7" +0.05CNF —0.04C) +0.04C (4)
(S4>[14.18,16] ~ +(0.29 —0.02 Cé + 0.03 Cig s (5)
(S5)j16) = —0.14 — 0.59 CF¥ — 0.49C; — 0.09 Cy'"" — 0.03Cy + 0.10C (6)
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Relations Altmannshofer, Straub, EPJ C73 (2013) 2646
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Branching Ratio measurement: Usual Strategy

« In each g? bin extract number of signal candidates with Maximum
Likelihood Fit to Ku*u~ invariant mass .

 Differential Branching Ratio:

dBR _~ NB-Kp'p™)  eB-]/p(p"u)K) BR(B —J/PK)BRU/Y — pru”)
dg?> N(B - J/Y(— utp)K) e(B > Ku*tu~) Amax — Qmin

/ | |

Normalize to control channel

Relative reconstruction and selection
efficiency from simulation

Branching Ratio of normalization
channel from PDG

17.09.2015 Thomas Nikodem Heidelberg University 49/42



Angular Observables

Differential Decay Rate

d*T[B° — K*utpu~ Z I
dg? de 3271' Gl

d*T[B°— K*u*pu~]
i BQWZI ) (@*) 5(6)

j(s,c)

i(s:c)

CP-averaged Asymmetry

. dr dr
$i= (3 + 1/ (Gr+302) A= 1)/(
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[%(1 — ) sin® Ok + F, cos® Ok
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— I, cos® Ok cos 20; + Ss sin? O sin® 6; cos 2¢
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