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Indirect search for NP

— Flavour changing neutral current (FCNC) transitions are heavily suppressed in
the SM, only decays through loop diagrams are allowed (e.g. penguin decays).

— Ideal probe for indirect searches for New Physics (NP)!

— Effective Hamiltonian for b— s transitions
4GF « e? PN
Hot = ——=VoVie—> > (GO +C/O)) + hc.
V2 167 i=1...10,5,P
— NP can either

— modify Wilson coefficients ¢()
~ oradd new operators 3; CjNP OjNP

and change the decay rates, angular distributions, branching fractions, etc

July 28,2014  Electroweak penguin decays to leptons at LHCb

Page 2




University of
Zurich*™

Physics Institute

Indirect search for NP

— Flavour changing neutral current (FCNC) transitions are heavily suppressed in
the SM, only decays through loop diagrams are allowed (e.g. penguin decays).
— Ideal probe for indirect searches for New Physics (NP)!

— Effective Hamiltonian for b— s transitions
4GF « e? PN
Hot = ——=VoVie—> > (GO +C/O)) + hc.
V2 1672 Tose
— NP can either

— modify Wilson coefficients ¢()
~ oradd new operators 3; CJNPOJNP

and change the decay rates, angular distributions, branching fractions, etc

— Focus on the recent results from LHCb on b — s transitions
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B — K®utpu~

1 dtr 9
dr/dg? dg?dcos 6, dcos Oy dé 32w

3 1
[1(1 — FL)sin? 0k + Fp, cos? 0 + 20 F1,) sin? 0 cos 26,

—Fy, cos? Ok cos20y + S3 sin? Ok sin? 0y cos2¢
+S4 sin 20 sin 20, cos ¢ + Ss sin 20k sin 6, cos ¢
45 sin? Ok cos 0, + Sy sin 20 sin 6 sin ¢

+Sg sin 20 sin 20, sin ¢ + S sin? O sin? 0, sin 2¢]

— Neglect lepton masses, average B° and B°
— Angular terms can be measured in bins of g2 u T;\
— Theory uncertainties are dominated by the B — K*0 AN Gl >

form-factors \ l -
— Analysed in two steps (JHEP08(2013)131) and w i
(PhysRevLett.111.191801) with different foldings to

reduce the number of coefficients
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1. loose cut based selection followed by a multivariate
selection to select a clean sample
2. specific backrounds are then rejected using mass
and particle identification criteria (B° — J/ap K*°
and B® — ¢ (2S)K*?).
Remaining sources of background:
— B — J/ip K* misidentified (0.3 + 0.1)%
- BY— ¢putuT (1.2+£05)%
- Bl K% ™ (1.0 £ 1.0)%
3. acceptance correction is applied to minimize the
bias on the angular distribution

4. the angular observables are extracted with a
multidimensional maximum likelihood fit
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B® — K*%u*;~, Analysis Strategy w1 15"

— Arg = (4/3 S5), Arg (g8) =0

Theory W Binned

—e-LHCb

@ 1 T T T ]

< 3 ]

I LHCb ]

oSp 7
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:
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92 [GeV?/cY]

- gt =4.9+ 0.9 GeV?/c*, consistent with
SM 3.9 — 4.4GeV?/c*

Theory prediction:
(Bobeth et al. JHEP 07 (2011) 067 and references therein)
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B° — K*u*.~, Observables

Theory EEEBinned
—o-LHCh

sk LHCb
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JHEP08(2013)131

with 1 o1

— All results are compatible with SM
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B°— K*°u "1~ , form-factor independent

observables

— Change of basis, form-factor cancels at leading order

Piases = _J=esrs
I= 1My
FL(1—F)
08 SM Predictions LHCb T & os LHCb SM Predictions 7

08| . 06| .
04l 4 pata - 04fF 4 oaa -
0.2 -1 0.2 —

o’ + : s | ]
f ++ == i o + ++ .

0 5 0 35 )
q? [GeV’/c“] [GeVZ/ c"]

— P shows a local deviation of 3.75 in one g2 bin (4.30 — 8.68 GeV?/c*), as
discussed by M. Patel.

Theory prediction: (Decotes-Genon et al. JHEP 05 (2013) 137)
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JHEP 06 (2014) 133

B— K®) "~ branching fraction win g o1
— measured: Bt — Ktputu—, - SR e DAn
B°— K%+u~ and ? B~ K'utu 3
+ + - 2 LHCb ]
BT— K*tutu 3
— normalised to B— Jjp K(*) X 3
o ]
— measured branching fraction are = ++ E
below the SM predictions (see talk N.g E
of M. Wingate) Jra} ) ) S
© 5 10 15 20
R [GeVc
| CSR Lattice -e-Data | CSR Lattice -e-Data
& T T T T g‘ T T B*' o B
> 5 B°L Koty 7 ) e WU
5 4 Lﬁcl:: E 9 LHCb
ki) o ]
X 3 mx R E
o 2 1
g + g z
fra) ) ) ) ) g . . .
© 5 10 15 20 10 15 20
R [GeVc P [GeVvicA
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. JHEP 05 (2014) 082
B— Ku™p~ angular analysis with 3 fo=1
— Angular distribution for Bt — K*putpu~
1 dr 3

1
_ = (1= Fy)(1 —cos?8y) + = Fyy + App cos @
F dcosd, 2 H)( o)+ 5Fh+ Ars ¢
Both parameters are roughly zero in SM
— App forward backward asymmetry
— Fy fractional contribution to decay width from (pseudo)-scalar or tensor amplitudes

o 02 r 0.5¢ T T T T
& [ w r
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— Similar for B0 — KQutu—

-]
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B— K®) 't~ isospin asymmetry

— Isopsin asymmetry:

M(B— KUWOutp=) —r(B* = KMt ptp~)

' T(B = KWt i) + T(BF = KOyt )

— A, predicted to be zero in SM

JHEP 06 (2014) 133
with 3 o1
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LHCB-PAPER-2014-024
Lepton universality test using Bt — K/ (-

Defined as:

_ BB = Kt —a .

Ry = m—H:OUO ) in SM

— to cancel systematics forming double ratios with Bt — J/i K+ (assuming
lepton universality for Jjp — €7¢7)

BY— Ktete~ challenging: o LHCO m BaBar 4 Belle

r— T T
— Recover loss of Bremsstrahlung by &
adding ECAL cluster energy
(Er > 75MeV)

— Signal shape depends heavily on number
of Bremsstrahlungsphotons, pt and
occupancy of the event — split analysis
in three trigger categories 0.5

1.5]

2]
<

— B®— K*%e*e™ largest contribution to
part. background

=
[

10 15 20

2 2/ o4

— About 5 x less signal than in ¢ [GeVct]
Bt — Ktutp~

I
I

= 0.74570%0 (stat) £ 0.036 (syst)
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NEW! with 36—

B— K®u*u~ CP asymmetries prliminary

LHCb-PAPER-2014-032

— CP asymmetry:
_T(B= KWyutp=) —1(B— KWt p™)
P T MBS Kuu—) + (B KOprp—)
— Agp predicted for Bt — K+t~ and B — K*0ut~ to be of © (10~3)

— Measure Agraw instead of Age directly
Apaw(B— K uT ™) = Agp(B— Kt ™) + Ap + Ap
— Assuming the Ap and Ap are identical between B— K(*) 5~ and
B— Jip K™, and use Agp(B— Jip K*)) = 0:

Ap(B— KX 1) = Apaw(B— K& ¥ i) — Araw(B— Jp K)—Agp(B— Jjp K*))
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NEW! with 36—

B— K®u*u~ CP asymmetries prliminary

LHCb-PAPER-2014-032

— CP asymmetry:

rB— Kt n)—T(B— K no)

r(B— Kt ,u*u )+ F(B— K(* ,uﬂt )

— Agp predicted for Bt — K+t~ to be zero and for B — K*0ut 1~ to be

Ap =

O (10-3)

= 0. 5 03¢

< 04F < F
03F E 02F 3
02F = 0.1F + E
B ++ L oLyl S
0.1 T Tl —H’T—T 0]§ T BBt
02F s E
-03F LHCb - 70_2; ++ LHCb + —f
04 E Bl

03 5 0 15 20 035 5 o 15

@ [GeV/c) @? [GeV?/c*]

— weighted average of the g2 bins:
Acp(B®— K*Out ™) = —0.035 =+ 0.024 (stat) + 0.003 (syst)
Ap(Bt — KTt ™) = —0.012 £ 0.017 (stat) & 0.001 (syst)
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B (BT — ¥(25)(

LHCb 0.10 < ¢*> <2.00

- = N W W

Candidates / (7 MeV/c?)

500

5200 5300 5400 S
m(K 7w ut ) [MeV/e?]
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Candidates / (10 MeV/c?)

1

NEW! with 3o~
+ + ot =t i reliminar)

B - K TR Observatlon LHCb-gAFI’ER-Z(}/M-OSO
— Bt — Ktatr—utu~ first observation measured in bins of g2
— BT — (2S)K™ as normalisation mode with:

S (= ptp=) et )kt)=(1.26 £ 0.05) x 105

LHCb

S
S o
S S

%
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NEW! with 36—

B"— K*mr~ "~ observation

— Bt — Ktata—putu~ first observation measured in bins of g2
— BT — ¢(2S)K™ as normalisation mode

© T
¢ bin [Gev?/cY] 98 [x107° Gev>c!] L ogHice

[0.10, 2.00] 7.01 0% 1 0.47 Z

[ 2.00, 4.30] 2.34 1947 £ 0.15 £

[ 4.30, 8.68] 2.30 %% +0.20 3 3

[10.09, 12.86] 1.8310% +0.17 3 2 e+ ——

[14.18, 19.00] 0.10 75 % £+ 0.01 ! | . .

1.00, 6.00 2.7570% 1 0.16 N T
[ ] — ¢ [GeV¥/ct]
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Bt — ¢K*utu~ observation

— Bt — oKt utu~ first observation
— BT — ¢Jip KT as normalisation mode

LHCb

5 —

1

Candidates / (9 MeV/c?)

5200 5300 5409 5500
(@K 1) MeV/cH]

NEW! with 3fb "
preliminary
LHCb-PAPER-2014-030

B (BT — Jp(— ntuT)ekT)=(3.08 £ 1.01) x 106
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Summary

— Electroweak penguin decays are ideal laboratory to look for NP
— There is a great variety of electroweak penguin decays measured at LHCb

— Measured differential branching fractions tend to be lower then the SM
prediction (see talk of M. Wingate)

— The tension in one of the angular observables of BO — K*0u* i~ (Pg)is
under discussion
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LHCb detector

SideView

— Lig=1fo~ " at7 TeV and
2fh'at8 Tev

— Acceptance 2 < n < 5, with
excellent vertexing, tracking
and PID
— opy,xsy ~ 10pum,
opy,; = 60pum
— Ap/p:0.4% at5 GeV/c,
to 0.6% at 100 GeV/c
— e ID efficiency: 90 %
— K ID efficiency: 95 %
— p ID efficiency: 97 %

HCAL

X ECAL
113 SPDIPS
RICH2
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JHEP08(2013)131
with 1 o1

B°— K*%u*u~: Rejection cuts

LHCDb
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JHEP 05 (2014) 082

B— Kyt~ angular analysis with 1o=1

— Angular distribution for B — K9t pu~

1 dr 3
- =-(1-Fy)(1 - 002) + F
T d[cos b 5 H)(1 —[cos6|%) + Fy

As BY and B° can decay to K?, the flavour of the B meson is not determined
by the decay products — 6, is always defined with respect to u*

LI:[ 1 C T T T T
i LHCb
1L ]
osf ]
S - |
0 5 10 15 20
o [GeVc
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— Isopsin asymmetry:

JHEP 06 (2014) 133

B— K®) 't~ isospin asymmetry with 8 11

M(B— KUWOutp=) —r(B* = KMt ptp~)

/

— A, predicted to be zero in SM

—-2011 -v-2012
T T

LHCb B - Ku'u
osf 3
of + ! __T]: } 1
10 5 10 :

15 20
@ [Gevct
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(B KOyt ) 4 T(BT — KCTpt i)

Difference:
— additional data of 2fb "

— previously assumed equal amounts
of BT and B are produced at
7' (4S). Now assume isospin
asymmetry for B— Jjip K*)

— reanalysis of 2011 data with an
updated selection
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LHCB-PAPER-2014-024

Lepton universality test using Bt — K/ (- wih3 1"

R [GeVZcd]
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m(K*ut ) [Mev/c?] m(K*ete) [MeV/c?|

4800 5000 5200 5400 5600

July 28,2014  Electroweak penguin decays to leptons at LHCb Page 22



	Backup

