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Rare decays as a probe for New Physics

Talk will focus on b— s¢* ¢~ transitions

Rare FCNC processes are only possible via loop
diagrams in SM

Highly suppressed
New, heavy particles in SM extensions can enter
the loop and modify observables

e.g. enhance/suppress 5, alter angular
distributions, new sources of CP violation
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Theoretical formalism

Rare b-hadron decays are a multi-scale problem: my >> my, > Aqcp
Measurements intepreted in Operator Product Expansion framework

All degrees of freedom above a given energy scale are integrated out
Introduce set of Wilson coefficients, C;, and local operators, O;, encoding coupling
strength and Lorentz structure

4Gr SM NP
Hett = —\@thvt*szi:(ci +Ci7)0;
b— s¢T ¢~ transitions sensitive to C7, Co, C19
b s
C7,Co10 !
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Angular analysis of B — K**(— Ktm~ )t u~ [JHEP 02 (2016) 104]

Decay fully described by dimuon invariant mass squared, 4, and three angles
0= (cos by, cos Ok, @)

1 BT +T1)
dC+T)/dg? 4%
9
32

P—wave
[3(1 — Fy)sin? 0k + Fy cos? O

+ %(1 —Fp) sin? O cos 26,

~

— Fy, cos? O cos 26, + S5 sin® O sin® 6, cos 2¢
+ Sy sin 20k sin 26, cos ¢ + S5 sin 20k sin 6, cos ¢

+ %AFB sin? Ok cos 0y + Sy sin 20k sin 0 sin ¢

+ Sg sin 20 sin 20y sin ¢ + Sg sin’ fg sin? 6, sin 2(;5}

F1, Apg, Si combinations of K*° amplitudes which depend on the Wilson
coefficients and the form factors

Pollution from K*#~ in S-wave configuration also taken into account
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http://link.springer.com/article/10.1007%2FJHEP02%282016%29104

Angular analysis of B’ — K*O(— K7 )"~ [JHEP 02 (2016) 104]
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http://link.springer.com/article/10.1007%2FJHEP02%282016%29104

BY— K*OILL+,LL_ fit results - Fy, Apg, S5

o

[JHEP 02 (2016) 104]
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Full set of (P-averaged and
(P-asymmetric angular terms and their
correlations

General good agreement with the SM
prediction

Some tension observed in Ss
SM [ABSZ]
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http://link.springer.com/article/10.1007%2FJHEP02%282016%29104
http://link.springer.com/article/10.1140%2Fepjc%2Fs10052-015-3602-7

BY— K*0u* i~ fit results - P; [JHEP 02 (2016) 104]

- o 1 T T T
o [ ]
LHCb Also determine “less form factor
0-5:+_ SM from DHMY dependent” observables e.g.
L I ] , Ss
of Py=
C T + Fr(1—Fp)
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http://link.springer.com/article/10.1007%2FJHEP02%282016%29104
http://link.springer.com/article/10.1007%2FJHEP12%282014%29125

Angular moments analysis and zero crossing points

Observables also measured using
angular moments analysis

Robust estimator even for small datasets
Allows finer binning in ¢°

Statistically less precise than result of
maximum likelihood fit
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[JHEP 02 (2016) 104]

Determine zero crossing points by
parameterising the angular distribution
in terms of 4> dependent decay

amplitudes
(ﬁn o T T T T i
3 LHCb 1
B &= Amplitude fit 1
r e Likelihood fit 1
F o Method of moments
0 I 1

L % 1 7
0.5 —

1 1 1 1
2 3 4 5 6
g2 [GeVZcd]

75(Ss) € [2.49,3.95] GeV¥/c* at 68% C.L.
75(Arp) € [3.40,4.87] GeV?/c* at 68% C.L.
73(S1) < 2.65GeV?/c* at 68% C.L.
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http://link.springer.com/article/10.1007%2FJHEP02%282016%29104

Differential branching fraction of B® — K*pu Ty~ [arXiv:1606.04731]

Theory EEEBinned  JHEP 08 (2013) 131
—e—LHCh

=
5

For 796 < m(K*n~) < 996 MeV/c? the O e Lheh
K*? found predominately in P-wave 4 l. ]
x 1 -
Previous dB/dg? measurement made 5 ]
with 1/3 of Run I dataset v He ]
B 05 -
S-wave fraction (Fs) expected at level of g T t ]
< 10% [ ]
Treated as a systematic uncertainty TS 0 15 o
q2 [GeV3/cH]

New d3/dg? measurement using full Run I dataset explicitly accounting for
S-wave contribution

Fs determined from fit to m(K* 7~ ) and decay angle cos 6k
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http://arxiv.org/abs/1606.04731

Measurement of Fg in B® — K*0u*p~ [arXiv:1606.04731]
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http://arxiv.org/abs/1606.04731

Differential branching fraction of B® — K*pu Ty~ [arXiv:1606.04731]

First exclusive measurement of dB3(B® — K*(892)°u* ™) /dg?

0 % 0,4~ 1 — Fe|1200y,, -
A KPRRI] L Re LTt P g sk 92800 1)
q (ax = min) (1 — FL" k0
015207
g V. A L R A B AL R B R
Results compatible with SM predictions 3 I LHCb
SM [arXiv:1503.05534] % +
Also consistent with pattern of lower & 01 ]
branching fractions for b— sy p~ 2 0 ]
transitions than predicted by theor ° =
predi Oy y 0.05- e +  EEE
e.g. B(BT — K u*u™), B(B— du*u™), = analia —
B(A)— Aptp™) I
Large theoretical uncertainties, correlated T S S
across 4> 0 5 10 15
02 [GeV“/c
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http://arxiv.org/abs/1606.04731
https://arxiv.org/abs/1503.05534

Intepretation

[arXiv:1503.06199]
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, combined

Several attempts to interpret LHCb data
by performing global fits

Consistent picture, data favours
modified vector coupling (C)F) at

~ [3,4]o

Possible intepretation
NP physics scenario, e.g. new vector Z ,
leptoquarks, etc

Problem with our understanding of
QCD, e.g. not properly estimating
contribution from charm loops
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New: B" — K*7~p*pu~ in the K{j,(1430)° region  [LHCb-PAPER-2016-025]

Analyses of B — K*7~u* = at LHCb have previously focused on the K*(892)°
Region of m(K*7~) ~1430 MeV/c? contains contributions from K;(1410)°,
K;(1430)° and K;(1430)°

Allows for a complementary measurement of b— su™ p~ transitions
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T
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New: B" — K*7~p*pu~ in the K{j,(1430)° region  [LHCb-PAPER-2016-025]

Measurements performed in the 1330 < m(K™7~) < 1530 MeV/c? region at low g2

Differential branching fraction as a function of 4>
5 ¢2 bins: [0.1,0.98], [1.1,2.5], [2.5,4.0], [4.0,6.0], [6.0,8.0] GeV?/c*
Normalised to B — ]/ K*(892)°

Angular analysis
Single 4% bin: [1.1,6.0] GeV?/c*
S-, P- and D-wave contributions considered for first time
Requires new orthonormal basis of angular functions
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New: dB/dg” in the Kj,(1430)° region [LHCb-PAPER-2016-025]

dB(B° = Kyt u- 1
| —>dq27r — ):(qz =7y fewop B(B®— J/yK*(892)")B(Jfp — ")

N _ _ € «
x B(K*(892)° = K+7—)— K m ity WK

(1 — Fng*O)N]/,(pK*O EK+W7M+N7

First dB/dg* measurement of i '  LHeh ordiminary
BY— K*n~put ™ in this region of + P o .
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New: Angular analysis in the K ,(1430)° region  [LHCb-PAPER-2016-025]

(P-averaged differential decay rate of B — K*7~u* i~ decays with the K7
system in a S-, P- or D-wave configuration is expanded in an orthonormal basis of
angular functions, f;(£2), [PRD92(2015)033013]

d .
a0 {Zﬂ } with Ti(q?) = THg®) + 07" T (")

Orthonomal angular basis constructed from spherical harmonics Y}' = Y} (0, ¢)
and reduced spherical harmonics PJ' = v27 Y} (6, 0)

I'i(4%) combinations of KJ*O amplitudes with I'; (4?) corresponding to the total rate
Define 40 normalised angular moments which forms set of observables

Li(7%)

'y (q?)

Ti(q%) =
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.033013

New: Angular analysis in the K;,(1430)° region  [LHCb-PAPER-2016-025]

» Observables measured using an angular moments analysis
» Likelihood fit impossible due to complicated angular expression and limited statistics

» Distributions of the decays angles within +50 MeV/c? of the nominal B mass
> Blue: estimated signal distribution obtained from the angular moments model
> Red: projected background from upper mass sideband
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New: Angular analysis in the K ,(1430)° region  [LHCb-PAPER-2016-025]
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.90.112009

Summary

Flavour observables in rare decays allow for NP searches and can place many
strong constraints on NP models

Several interesting tensions observed in b— s¢ ¢~ processes

Still many interesting results are foreseen with LHCb Run I dataset

Major effort to compare observables between b— su* = and b— sete™ e.g. ¢, K*0, A(*)
Understand the effect of cc resonances by measuring the interference of resonant and
penguin contributions in BT — Kt ptp~

Run II data will boost precision even further!

Further LHCD talks @ SUSY2016

Gerco Onderwater, “Tests of Lepton Flavour Universality and searches for Lepton
Flavor Violation at LHCb”, tomorrow
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The LHCb experiment

LHCb is the dedicated heavy flavour physics experiment at the LHC
Its primary goal is to look for indirect evidence of new physics in CP violation
and rare decays of b- and c-hadrons
Requirements:
1. Excellent tracking
momentum resolution(Ap/p ~ 0.4% — 0.6%)
impact parameter resolution (o;p ~ 20 pm)
primary vertex resolution (13 pum in x and y and 71 pm in z)
Excellent decay time resolution (o, ~ 45 fs)
3. Excellent particle identification

N

g r ‘ ] ’g | « Tagged mixed z
= 10000f g 3 o Tagged unmixed £
Q L 1 = °
e 1 = 400 Fit mixed E
[ 18 3 ) ) <
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s I 13 2
i 13

: 1§ 200+ 2

4000 -
o o 0 1 2 5 ¢ 0 10
JHEP 06 (2013) 064 M) Mev/cq New J. Phys. 15 (2013) 053021 96y imeps] g pryg 1. ¢ 2013) 73 Momentum (GeVic)
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http://link.springer.com/article/10.1007%2FJHEP06(2013)064
http://iopscience.iop.org/1367-2630/15/5/053021/
http://epjc.epj.org/articles/epjc/abs/2013/05/10052_2013_Article_2431/10052_2013_Article_2431.html

Calorimeters




First observation of BS — utu” LHCb+CMS [Nature 522 (2015)]

SM prediction

MS and LHCb (LHC run 1)
—

—4— Data
— Signal and background
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BBY— utp~) = (3.654+0.23) x 1077
B(B® = ptp) = (1.06+0.09) x 1010

C. Bobeth et al., PRL 112, 101801 (2014)
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http://www.nature.com/nature/journal/v522/n7554/full/nature14474.html

Differential branching fractions - volume I

Large LHCb datasets allows for precise measurements of the d3/dq? of
b— syt~ processes
Results hint towards lower rates than predicted by theory

Theory uncertainty are correlated across 4>

JHEP06(2014)133 JHEP06(2014)133 JHEP06(2014)133
| CSR Lattice -e-Data EmLCSR Lattice —e-Data | CSR Lattice -e-Data
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X 3 x 3 X 10 ]
+ + @ <] ~
gt e, 5. g t
S E
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a, a, a, ‘ B
© © © % 5 10

15 20
0 [GeVcd]
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Differential branching fractions - volume II
]HEP09(2015)179 ]HEP09(2015)179

5 9F T T T = —: 1-8: T T T ™
N; B LHCb 3 L 16F [ supescion E
Z E ] 3 - _H ' E
S of 4 2% + E
Y7 + A L 'l'
E e — N emn
QTM 1E = Ba (wider ] S 02F + LHCb 1
S oE ! | 1 3 © E +._I_. ! ! L
@ 5 10 15 0 5 10 15 20

7 [GeV/c] q? [Gevc]

Similar experiment/theory disagreement seen in other channels
dd—ﬁ [BY — ¢utp~]is 3.30 from SM prediction in 1.1 < 42 < 6.0 GeV?/c*
All branching fraction measurements potentially point to new physics in Cg

’
e.g. new vector Z
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New: Angular analysis in the K ,(1430)° region

[LHCb-PAPER-2016-025]

The transversity-basis moments of the first 10 (of 41) orthonormal angular

functions outlined in [PRD92(2015)033013]

| A(® | I () |k
1| Py [HE[2 + [HE P + [HE P + |2 + |D§P + D + DY ] +(L—R
2 | POV 2 7Re(HLDL*)+Re(sLHL* )+ /2 Re(HEDE + HE DY) ,
3 | PYY| 4 (IDjI? + DY 1P - = (IH} P + |H ) + Z [Hgl* + 7% |DG|* + 2 Re(S"D§*) ”
4 | PYYY J%[ (HﬁDL* HLDL*)+ﬁRe(H(§D3*)] ”
5 | Py} 2 [-2(D}P + D P) + 31D "
6 | PgY3 5z |UDf? + DL ) + ([Hf? + [HY ) — 2\5L|2—2|D6\2—2|H6\2] "
7 | PYY3 2 Re(H[DE* + HE DY) — = Re(S"Hg") — 4Re(HLDL*)} g
s | P2 | [H0py oo ) FIDEF — (AP + 1) B - ZRe(sD)] |
9 | POY3 —h [Re(HLDﬁ* +HLDLY) 423 Re(Hng*)} ”
10 | P9Y? +25 |IDYP + DL P + 31D} .

The S-, P- and D-wave transversity amplitudes are denoted as S {LR} H

%0 I }L}, respectively.

{L,R}

{01y @and
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.033013
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