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Rare decays — What and why?

Rare decays .
from LHCh m Processes through loop diagrams or CKM suppressed

a:/ld :Mls = Typically B < O(107°)
McCann

On behalf of . .
the LHCb m Indirect new physics searches

llab i . .
collaboration m The lower SM BF allow BSM contributions to stand out

m Typical loop topologies
m Flavour-changing neutral currents (penguin/box diagrams)
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m Will focus on rare decays of b quarks



B(OS) — T~ — Motivation

Rare decays
from LHCb
and CMS b

Michael W+ 0
McCann Z
On behalf of BO t BO t v

the LHCh —
collaboration L [

Precise SM prediction

0 H 9 H
B(B) — utp~) = (3.66+£0.23) x 10~
B(B® = utp~) = (1.0640.09) x 1071°

Sensitive to new physics

Two muons — Experimentally clean



B%, — = — LHCb and CMS

Rare decays c M S

from LHCb

CMS-L=5f"V5=7Tev,L=201h" {S=8Tev

and CMS ]
Michael LHCb E
ichael E
McCann BDT>07 E
31fb! E

On behalf of
the LHCh
collaboration

Candidates / (44 MeV/c?)

S/(S+B) Weighted Events / ( 0.04 GeV)

535A 55 56 57 58 59

o [MeV/c?
My | <] m,, (GeV)

B(B?) = (2.9717)x107°(4.00) B(B?) = (3.1719)x 10%(4.30)

s

B(B%) < 7.4x1071°(95%) B(B%) < 1.1x107° (95 %)
Phys. Rev. Lett. 111, 101805 (2013) Phys. Rev. Lett. 111 (2013) 101804

What if the data were combined?



BY, — p*p~ — LHCb + CMS
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Rare decays = (28—1—8%)
from LHCb . CMS and LHCb (LHC run 1)
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----- Semi-leptonic background
— — Peaking background

IS
S

AR AR PR SS) SRS AR EE RN

the LHCb 10-9

collaboration X

W
S

N
S

m Combined:
B? fit > 6.20 g
BY fit > 3.20 0

Weighted candidates per 40 MeV/c?
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BY, — J /1y at LHCb

Rare decays

from LHCb . .

and CMS m Radiative decay of B(os)
Michael
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On behalf of m SM predictions vary wildly
the LHCh

collaboration [ ] B ~ 2 X 10_7—5 X 10_6

m Highly sensitive to QCD

effects
m Tests QCD factorisation

m Sensitive to New Physics
m Particularly RH currents

m Limits set (90% conf):
B(BY) < 15x107°
B(B%) < 73x10°°

Phys. Rev. D92 (2015) 112002
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BY — ¢~ — photon polarisation at LHCb

T m SM b — sy ~ left-handed

and S m Small right-handed Ng
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arXiv:1609.02032



B° — K*(892)°uT i~ angular analysis

Rare decays
from LHCb m FCNC process

d CMS .
a:/l. " m Angular variables less
Ichael . -
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Co and Cyg (& others)
(vector and axial-vector) Three angles and g2
CcMs 205t (8 Tev)
LHCb Z140[-9% 1.00 - 6.00 GeV 2 t_'?:tl; it

2 E :
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Phys. Lett. B 753 (2016) 424

JHEP 02 (2016) 104 8/16



B° — K*(892)°uT i~ angular analysis

Rare decays m Angular dependence from 6 amplitudes (+ 2 for S-Wave)
and CMS m Helicity and spin components

ichael L R L7R
oo = Ay (AsT)
ngih,j’cfb"f m Many observables formed from amplitudes, e.g
collaboration L2 R|2
. [AB[2 + |AF]
AB[2 + | A2 + | AL !2+\A |2+|A 2+ A2
. 3Re(Af AL )2
T AR+ AR+ \A 2+ \A |2 LR+ AT

V2Re(AF AL + AR AR
Fi(1—Fp)

m Some have physical meaning
m F;: Fraction of the longitudinal component of K*0

m App: Dimuon forward-backward asymmetry
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B% — K*Ou*p~ angular analysis — LHCb and CMS

Longitudinal K* fraction

Forward-backward asymmetry
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B® — K*0u* 1~ angular analysis — LHCb

JHEP 02 (2016) 104
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m QCD effects (charm)?
]0 5 10
o [GeVzlc“]

Amplitudes fitted with low ¢? ansatz, (a + bg? + c/q?)
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qg(AFB) = [3.40, 4.80]GeV2 (SM 4. 36+0 31 Eur.Phys J.C41:173-188 2005)
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B — K™=t~ and BY — K*(892)%u "~

Rare decays | K+7T7 System in S- and P-wave

from LHCb ..
and CMS m SM predictions for P-wave only

Michael m Need S-wave fraction to extract BF measurement
McCann . . .
On behalf of m Ratio of spin states S- & P-wave important for
the LHCb . .
collaboration understanding hadronic effects
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Fs = 0.101 + 0.017(stat) & 0.009(syst) [1.1 < ¢° < 6.0 GeV?]

jqb; = (0.39275:02% stat) +£0.010(yst) £0.027 (aorm)x 10~/ GeV ~2
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B* — 7*utp~ differential BF and Acp at LHCb
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m Access to CKM element
| Vid|
m |Vig/Vis| with K pp
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B* — g+

Vig| = 7.2708 %1073
|Vis| = 3.2707% x 1072
Vfd 0.0
Vie = 0. 24+0 02

= 020j:0022

Phys Rev. D 93, 034005 (2016
CKM tests important
m RD CKM competitive
with B(Os) mixing

m 1 — 30 deviations of
global (tree) fits to
measurements

arXiv:1602.03560
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Other recent rare decays at LHCb

Rare decays

fi LHCb 1 .
o e Can only give a taste of the full rare decays program:

Michael Recent
On beolfof m Ratio BF Bt — KTyt /BT — Ktete™
coleberation m R(K) = 0.74 +0.10, 2.60 deviation from SM.
Search for Hidden bosons in B® — K*0y+;~
B? — ¢utp~ diff. BF and angular
AN) — AOu Ty~ diff. BF and angular

B® — K*%eTe™ angular analysis

B?S) — - utpu~ BF
Search for 77 — pu~pt
m Ratio BF BT — KTty /BT — KteTe™

Many more in the works
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Conclusions

Rare decays
from LHCb
and CMS

Michael
OMZChanI; . A rich and varied rare decays programme at the LHC
'n behalr o
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Rare decays a speciality of LHCb
m GPDs can contribute

Collaboration between the experiments yield valuable

Interesting hints at departures from the SM

m More to come with LHC Run Il data
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LHCb and CMS
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EcaL HCAL
SPDPS

RICH2 w1
™,

Total Weight

460 m
Overalfongth < 2160m 5
Magnotic ki 4 Tosia

m Excellent momentum
resolution

m Excellent PID

m Excellent vertexing

m Excellent energy resolution
m Full acceptance

m Vast integrated luminosity
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