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Why rare decays? B LverrooL

e Tiny effects in the SM = NP can be at the same level
e Virtual particles = High mass reach

e Precise predictions in SM

e Model independent searches

e Historically the laboratory of many particle physics discoveries
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How are rare decays sensitive?
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EFT, Wilson coefficients and other “boring” stuff
Complex interactions substituted with Fermi-like operators: couplings hide the high

energy information
b c
A

W Charged current
I

photon penguin

EW penguin

NP (pseudo)-scalar

S S
4 l
Plus chirally flipped operators...
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How are rare decays sensitive? B virvooL
EFT, Wilson coefficients and other “boring” stuff (2)

¢ New physics interactions can enter through new operators (S, P,...) or
modifying the coefficients of SM operators

e If Wilson coefficients are thought of effective couplings with a NP scale (e.g. for
Cg):
~ RV Vi o = 5

e Probing scales (masses!) up to hundreds of TeV (depending how large the
coupling you allow to be)

e Not necessarily having the CKM flavour structure (MFV)
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https://arxiv.org/abs/1705.06274
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-045/

BY — ¢/~ observables G vErrooL

1. Branching fraction
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BY — (¢~ Standard Model predictions B ivereooL

Most recent predictions (time integrated)
B(BY — pt )™ = (3.65+0.23) - 107°
BB — ptp ) = (1.06 +0.09) - 10 °
R = 0.0287 £ 0.0026
Aar =1
B(BY — r777)® = (773 £0.49) x 1077

e Impressively precise predictions

e Any significant deviations from these values
is sign of new interactions beyond the SM

e Main uncertainties are parametric, dominated by CKM matrix elements.

[Bobeth et al. PRL 112 (2014) 101801.] [Bobeth et al. PRD 89, 034023 (2014)] [Hermann et al. JHEP 1312
(2013) 097]
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http://arxiv.org/abs/1311.0903
http://arxiv.org/abs/1311.1348
http://arxiv.org/abs/1311.1347
http://arxiv.org/abs/1311.1347

BY = ptpu”

e 30 years search for Bgs — T

decays

o First evidence in LHCb with 1 fb~?
e Observation from CMS+LHCb

combined analysis

e Good agreement with SM

CMS and LHCb (LHC run )
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http://www.nature.com/nature/journal/v522/n7554/full/nature14474.html

BY — ptp~ in ATLAS

o 25 fb~! of 7-8 TeV pp collisions
o Normalised to BT — J/9K™ events
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Search in three bins of a BDT operator
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BB = ptp)=09T58 x107° B(B° = ptu7) <4.2x107' at 95% CL

B? signal significance is 1.40

The 2D likelihood is compatible with SM at 20
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https://arxiv.org/abs/1604.04263

Observation of B? — utp~ at LHCb

And first measurement of the effective lifetime

e 3fb ' Run 1+ 2 fb~! Run 2 data

¢ Re-optimized particle identification
and multivariate operator

Results:

Candidates/ ( 50 MeV/c?)

B(B? — ptu”) (3.0£0.6703) x 1077
BB° = utp”) < 3.4x10'°(95% CL)

e First single-experiment observation of
B? — pTp~ with 7.80

¢ First measurement of effective lifetime

7(BY = ptp”) = (2.04 4 0.44 £ 0.05)ps

Compatible with Aar = 1(—1) at the
1.0 (1.4) o level

s

Weighted B® - pu” candidates/ (1 ps)
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http://arxiv.org/abs/1703.05747

Search for B?

e Extremely difficult analyses

e Full Run 1 (3 fb™1)

e 7 — mrmv mode (10%)

e Search in NN output

Limits at 95% CL

B(BY —rtr7) <6.8x 1073
B(By — tTr7) <21x1073

First (B?) and world best (B°) limits
Still very far from SM
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5) 77~ decays at LHCb

Normalisation mode
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http://arxiv.org/abs/1703.02508

Search for DY — ptp~ at LHCb G vErrooL

50 T T T T

e DY =yt arises at tree levels in some
leptoquarks model used for B decays:
important complementary bounds! [Bauer et
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D’ - ntm;

+D” - K*gH‘

o D't = D%— ptu )T search - + +
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e Similar complementary constraints from
other rare charm decays
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https://inspirehep.net/record/1403180
https://inspirehep.net/record/1403180
https://arxiv.org/abs/1305.5059

Branching fractions
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¢ Measurements of various b — s transitions systematically below the SM:

Might be all due to modification of Cy

mELCSR Latice -+-Daa mELCSR - Latice -Data mELCSR  Latice -+-Data
< : : AR <. : - naswenpes ok : : AR
3 B' - Ky 3 B~ Koy | 3 B' - K"y
% 4 LHCb % 4 LHCb i % 15 LHCb
X 3 x 3 1 X 5 ]
® o P ]« -
g ot e g _+_ + . 18 +
& & ERETI ]
g [JHEP 06 (2014) 133] g ] g —+—+
T % 5 1 15 2% T % 5 16 5 20 T O B ) 1 B
e e e
Gev/cs Gev/cs GeV/cs
" = 4 T T T -
o5l T T T g [JHEP09(2015)179] LHCb :
3 5y okFfP 2 0 R BsMpred
3 [JHEP 11 (2016) O 8 7 By = o pred 2
3, [JHEP 04 (2017) 142] < o
. 3 +
=2 BY = K*utpu~ 3 4 -
% oot m e —+—
oof Mgl -+ 1 58—+ '
p—— ) E
T2 E
n
. . . N . . |
0 5 10 15 El s 10 [
@[Gevct ¢ [GeVct]
F. Dettori Rare decays Blois 2017 12/22


http://arxiv.org/abs/1403.8044
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-012.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-012.html
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-023.html

Angular analysis of B — K*(T¢~ decays B Liverroot

e b — s transition with vector in the final state
o TFinal state described by ¢ = mfm and three angles Q = (0, 0k, ¢)
o Fr, Arp, S; sensitive to C$'> Céo Cﬂ))

BO K*O j_ @

, P : R
B z
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D

1 43 41) 9 4 .2 2 1 2
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— F, cos® Ok cos 200 + S5 sin? O sin® 0 cos2¢
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Angular analysis of B — K*utpu~ decays B LverrooL

Many recent measurements

[ATLAS - ATLAS-CONF-2017-023]

> T T T
CMS -~ [CMS - CMS-PAS-BPH-15-008] o' (8 TeV) o 30— u
S Eoomimor om = ATLAS (5=8TeV, 203 fb"
:2.00- 4. 0 o
& 60 Signalyield: 145+ 16 gg‘:"g‘gsm_ 2 Preliminary 4
© 4/ Mistag sig. )
S 50 - - Background c
S S
< 40 u
2
S 30
frr
20
10)
0 ETIN .
5 5.1 5.2 54 .55
mKpp) (Gev)
My [MeV]
o~ [Ll‘-lcl) o .IHE‘P 02 ‘(2015) 10/1]‘ . . [Belle - Phys.Rev.Lett. 118 (2017) no.11, 111801]
° L LHCb d &
* — o
B _r B® - K%y A S Belle
S 600~ N & 100
pt 8 1 3
A ] S
o
8 400 7 =
‘| r ] £
=] r b c
S I ] e
S 200~ - w
18] L |
L |
o T SRR i
5200 5400 5600
mK* ) [MeVv/c?)

F. Dettori Rare decays Blois 2017 14/22


http://cds.cern.ch/record/2256738/
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2015-051.html
http://cds.cern.ch/record/2258146
http://inspirehep.net/record/1504055

BY — K*puu~ results

m
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e Several observables appear
different than SM

e In particular P; has
significant discrepancy

¢ Global fits show large
disagreement
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Phase space difference in BY — KT pu*u~ decays

¢ Fit to full dimuon mass distribution
Resonances: p, w, ¢, J/1¢, 1(25)
Broad charmonium states: 1(3770), ¥ (4040), ¥ (4160), ¢ (4415),
¢ Four-fold ambiguity in J/v and (2S) phase signs:
Compatible with 7/2, hence low interference with non-resonant

*

*

30
S 250
5}
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http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-045.html

Phase space difference in BT — Kt pu* ™ decays B livirroot

F
o]
dU  G%a?| Vi Vi |? 21252 o2 | Aml(mp —mk)? 212 2
s =5 |kIBS SIKIPBT [Crofi ()| + —F Cofo(a)| 7
dq? 1287® 3 | | >m3 | | o
1 my + ms 2 ? ﬁ
k> |1- 8% |C ) 4 20, ———= , Z
I (1= 552 fensata) 20 e gy )
[Bailey et al. Phys. Rev. D 93, 025026 (2016)] ,(3
e Fit to Wilson coefficients 3 O 3
e Non resonant sensitive to Cg and Cio % LHCb :
e Deviation of 3.00 from SM o 2’ 2
e Low BT — K*u™ ™ BR not explained by L
resonance interferences
B(B" — KTptpu™) = (4.374£0.1540.23)x 107" -4f
in agreement with previous measurement
— L 1 L | L L
60 2 4 6
Re(Cy)
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https://arxiv.org/abs/1509.06235
http://lhcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/LHCb-PAPER-2016-045.html
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Test of lepton universality using BT — K1¢T¢~ decays B ivereooL

(:‘: T T T : g
s 300 LHCb o %
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=} ] e}
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The combination of the various trigger

channels gives:

Ry = 0.745"

0.090
0.074

Most precise measurement to date,
compatible with SM at 2.60 level

The branching fraction of B* — eTe™ KT

is measured as

B(BT — eTe" K1) = 1567012

well compatible with SM predictions
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http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601
http://arxiv.org/abs/arXiv:1204.3933
http://arxiv.org/abs/arXiv:0904.0770
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601

Lepton Universality Test in BS — K*t0~

B(Bg = K*p"p”)

]

B(BY — K*ete™)

Ry =
T B(BY = /(= T pT)K )
e Very clean theoretical predictions B
>
e Double ratio to cancel systematics %
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o Excluded low ¢* region (dominated §
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e
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https://arxiv.org/abs/1705.05802

Lepton Universality Test in Bg — K*t0~

0.6679-11 (stat) & 0.03 (syst
Ry~ = { —0.07 (stat) (syst)
7

0.6975-2% (stat) & 0.05 (syst) for 1.1 < ¢ < 6.0GeV?/c?
T T T T T T 20
<10 . L T
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08F : ]
r I I i r P ]
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04F v CDHMV ] - 1 1
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F LHCb IR - LHCb A B ]
0oLt ) 1] 0.0 L L P R R
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e Statistically dominated

e SM compatibility: [2.1 — 2.3]o and [2.4 — 2.5]c for the two bins respectively
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https://arxiv.org/abs/1705.05802

Summary of B anomalies @LIV&RP@(%L

Are we there yet?

1. Low b — suu branching fractions
2. Discrepancies in angular observables of B — K*utp~

3. Signs of lepton non-universality in: BY — K™ pu"p~ and BY — K*utp~

e All seems to be related to a change in the Cg coefficient
(or maybe Cy and C1o, but V-A)

¢ Global fits start to exhibit several standard deviations of discrepancy
e cC interference explanation seems not justified

o Additional discrepancies in tree-level B — D) ¢y decays (See Victor Renaudin’s
talk)

e Many NP explanations: Z’, leptoquarks, low mass resonances etc

See following talk by Joaquim Matias!
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Summary B virvooL

¢ Rare heavy flavour decays are a great laboratory to test the SM: precise
predictions and clean experimental observables

¢ Model independent sensitivity to NP:

*  New (pseudo)-scalar interactions tightly constrained by BY — uTp~ decays
*  Possible new vector (or V-A) interactions seem to explain several B anomalies

e Variety of complementary observables
e For some decays: healthy competition between 4 experiments!

e Vibrant field: many new results will come soon to confirm or disprove this
tantalising results!
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Backup B LverrooL
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Angular analysis of BY — K*eTe™ decays B LverrooL

o Angular analysis of B} — K*eTe™ at very low ¢* (€ [0.002,1.120]GeV?/c*)
e Folded angular observables (¢ = ¢ + 7 if ¢ < 0)

Measurement of Fr, A(TQ), Ag{m), A(TRe), * sensitive to C% as ¢> — 0

[ ]
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ﬁ 60~ N\gp e B° - K*e'e 601~ ]
= L ] [ ]
] E B - (K*X)e'e | r b
g b Mo e E
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AR — 2 app /(1= Fr), AP = 183/(1 — Fr) and Ap = 389/(1 — Fr)
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http://arxiv.org/abs/1501.03038

Angular analysis of B} — K*ete™ decays B livirroot

Candidates / (0.2)
Candidates / (0.2)

Candidates / (0.11trad)
[790(¢102)¥OdHHL - 4DHT]

{ Data o B
— Model Observable Measurement SM prediction?
------ B” — K'%*¢ 011
B2 = (Kox)ee I, +0.16 £+ 0.06 + 0.03 +0.10" 505

Combinatorial A’(I?) —0.234+0.23+0.05 003-‘:882
Ale 40.10 + 0.18 + 0.05 —0.1570:03
Al +0.14+£0.22+0.05 (—=0.2712)x107*

¢ Measurements well in agreement with SM predictions

e Constraints on C§') competitive with radiative decays

fs. Jager, J. M. Camalich [arXiv/1412.3283]
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http://arxiv.org/abs/1412.3183
http://arxiv.org/abs/1501.03038

Search for K — putp~ decays at LHCb

e NP can ber orders of magnitude the SM

e Full Run 1 statistics

¢ Normalisation and main background:

Kg —ata—

o B(KY — ptp~) <1.0x 1079 at 95%
CL
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F. Dettori Rare decays

Candidates / (1 MeV/c?)

Candidates / ( 1.3 MeV/c2)
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