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Qutline

1. Beauty decays
o 1}3 — Aup

Bs — K'pp

Bloy = e

B — K'ep.

2. Charm decays

° Ao — pup
o D— hhup

o O O

3. Strange decays
o K — pp
o X — pup
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Why rare decays?

e The SM allows only charged interactions to change flavour.
o Other interactions are flavour conserving.

e One can escape this constraint and produce b — s and

b — d at loop level.

o These kinds of processes are suppressed in the SM — Rare

decays.

o New Physics can enter in the loops.
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LHCb detectqr - track|ng Int. J. Mod. Phys. A30 (2015) 1530022
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e Excellent Impact Parameter (IP) resolution (20 pm).
= Identify secondary vertices from heavy flavour decays

e Proper time resolution ~ 40 — 50 fs.
= Good separation of primary and secondary vertices.

e Excellent momentum (dp/p ~ 0.5 — 1.0%) and inv. mass resolution.
= Low combinatorial background.
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LHCb detector - PID Int. J. Mod. Phys. A30 (2015) 1530022
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e Excellent Muon identification €,,_,,, ~ 97%, €,_,, ~ 1 —3%
e Good K — 7 separation via RICH detectors, ex_,x ~ 95%,
€rk ~ 5%.
= Reject peaking backgrounds.
e High trigger efficiencies, low momentum thresholds.
B — Jip X: Trigger ~ 90%.
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Rare beauty decays

b — sy family
B — Jipy
b — st family B — Knmy
B — K
BY — duu b — d¢¢ family
Ay — pKiup B — wmup

LUV: Rg, R BSO — K
Ay — prpp

= Too many results to be covered
in one talk! Please see
A. Oyanguren’s talk for more!

Purely leptonic family
B—
LFV: B — ¢/

LFVin 7
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Ay — App LHCb-PAPER-2018-029

= b — sup in baryon sector.

= Because of spin 1/2 nature of
the baryon there the system has
to be described by 5

angles: 1710.00746

= Impossible to perform a
likelihood fit. Need to use

moments:
=g
M, = f(Q)d = In total we have 34
32r° observables!
'/
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https://arxiv.org/pdf/1710.00746.pdf

Ay — App

= Update with 5 fb™".

= 610 events observed at high e
= Angular efficiency modelled in 6D.
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b — d transitions

= The b — d is further suppressed by |V,y|/|V;s| — B ~ O(107%).

= Already lots of results in
= €
_ S 3
o oo - - - A
o | LHCb H 8
3 50§ e B LT S 2
o Bk 1 N8
= a0k i B D%y = 3
g 30EN B 4 O
<] A By~ fol'p -
§ 20 -~ Combinatorial &
10
it b T
5200 5400 5600 5800 6000

mrrpp) (Mev/c)

= The ratio between the b — s and b — d can be used to determine

some CKM elements:

B(B — mup)

B(B — Kpp)

= Large improvements expected in Run2.
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RunT:
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 https://arxiv.org/abs/1509.00414 
https://arxiv.org/abs/1412.6433
https://arxiv.org/abs/1701.08705

BY — K'up arxiv::1804.07167

= 4.6 fb~! of data!

— Analysis in 4 bins of NN 2 I LHCb |
response. P s
=> Signal yield determined from a 19'_,400 e
simultaneous fit to the NN P 300f I Comb. bkg
response bins. 3 200f 3
= Normalized to B — K*Jj1. § 100 E
= First evidence with 3.4 o. 075200 5300 BA0 500 5600

m(K~rut ) [MeV/c?]
= The measured branching fraction:

B(B? — K*pup) = (2.9 + 1.0(stat) & 0.2(syst) & 0.3(norm)) x 10™°

= For now consistent with SM predictions arXiv:1803.05876
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https://arxiv.org/abs/1803.05876

BY — K'up arxiv::1804.07167

= 4.6 fb~ ! of data!

= Analysis in 4 bins of NN
response.

= Signal yield determined from a
simultaneous fit to the NN
response bins.

= Normalized to B — K*Jj1.

= First evidence with 3.4 o. 05200 5300 5400 5500
m(K™rrut ) [MeV/cZ]

Candidates/ ( 10.0 MeV/c?)

= The measured branching fraction:
B(B? — K*pup) = (2.9 + 1.0(stat) & 0.2(syst) & 0.3(norm)) x 10™°

= For now consistent with SM predictions arXiv:1803.05876

10
M.Chrzaszcz (CERN) Rare decays in the beauty, charm and strange sector /26‘


https://arxiv.org/abs/1803.05876

Lepton Flavour/Number Violation arxiv::1609.08895

Lepton Flavour Violation(LFV):
= After i~ was discovered it was logical to think of it as an excited e .

® Expected: B(u — ey) ~ 10" 7, — !
- . Iz v O €
® Unless another v, in intermediate vector boson loop s y

cancels.

|.I.Rabi:

"Who ordered that?”

® Up to this day charged LFV is being searched for in various decay modes.

® LFV was already found in neutrino sector.

= Anomalies may suggest connections between LUV and LFV.

s(1-R 1-R
B(B — Ke ~3-108(—K) ~9. 78<_K)
( #) 0.23 B(B 1 K}~ 2:10 0.23
B(B’ — ep) 001(1_RK) B(Bso—’TN)N4(1—RK)

B(Bso — ) . 0.23 B(Bso — pp) 0.23
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Bis) — ep [JHEP 1803 (2018) 078]

= Need to deal with bremsstrahlung: different efficiency and mass
shapes.

= Fit performed separately in bremsstrahlung categories.

%3500 E
= Primary background: B — hh: 23000F LHobSimion 3
825001 E
- . . . . §2000F 3
S L f + Daa E 15001 E
3 60 3 E|
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3 eeees By R S00E 3
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Bls) = e

[JHEP 1803 (2018) 078]

LHCb — Tota =
0.7<BDTSLO A ]
«+++ Combinatoria 3

e 20 ppv
B® - muv
B? ~ etF _:
B L et

| ]

s 16
o 16F
S b
= With 3 fb~! data. o
= Fit the m,, mass and calculate CLi. %1‘;
g of
g4
BB — e*pF) < 1.3(1.0)-107° S 2
dm 4 ‘LHCb (_)‘m 4
0.8 —
0.6 |
0.4 |
02 4
x10° o

15

BF(B® - eF)

BB — 1) < 6.3(5.4) - 107°

BB — e*uT) < 7.2(6.0)-107°

6 8
BF(BY - €17

5600 5800
M= [MeV/c?]

Jx10°

if light eigenstate dominates

if heavy eigenstate dominates
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B — K*elu [Belle, arxiv::1807.03267]
= Fit to M,

2 2
)" — (pB)

B, L g 1oL o

g + g gl 7l statistically

S 3 < 30| 4 L

35 * T . + 1 5: EZD}Jr } significant

L3 o lr i 5 &b 3 events observed,
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Upper limit at 9o% CL.

10~ C Babar, Phys. Rev. D 73, 092001 (2006)|
L 229M BB
I n u
= The best UL but order of " m
magnitude above the LUV ° BB
model predictions. | °
[ ]
1077
L K*O;ﬁe’ Ky~ et K*O,uie;
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A, — pup [Phys. Rev D 84 072006]

= SM predictions: W
0(10°%) j/}:f<w
= Long distance effects: c— - > u

—6 »
O(1077) M
d > d
= Previous measurement done by Babar: > u
Br(A] — putp”) < 4.4-107° at 90% CL -
E T A T M T 3 ”’+
] - 3
3 PR ] - W
3 3 c—>» > p—u
] E d > d
u bo- u

32 ) LHCb analysis with 3 fb™"
M(pu*p’) [GeV/cT]
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A(: — Pl [PHYS. REV. D 97, 091101 (2018)]

= Blind analysis with the normalization to the A, — po(pup).
= BDT to reduce combinatorial background.
= The dominant background: A, — prm: 2.0 £ 1.1 events

& 300F T z
N E 3
B asof S 1F
= F 3 “E
< 200f £ 50
£ 1o § o
h=i F 2F
e} F
100 T pE
8% P
50 = T 20f
0: 1 L ' % 22(5):
2200 2300 £ LE
m(putur) [MeV/c2] © of
Analysis performed in 3 mass windows: g
o N 4
. 2 3 F 9 wregion LHCh ]
* ¢ region: m,, € [985,1055] MeV /c % i3 E
. 2 B 4 3
[ ] . k-
w region: m,,, € [759,805] MeV /c i, HHHHl,,,l L
LOTLTTATT T
* nonresonant: rest of phase-space. S B0 o) e
Ly
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A(: — pup [PHYS. REV. D 97, 091101 (2018)]

‘g 60 f E
> [ LHCb 3
= It's the first observation of N E
A, — ppp in the w region, with E N3 E
5.0 o significance. S of E
= The corresponding branching 5 wf . L
fraction reads: G000 o 1000100
myr) [Mevie]
B(A, — pw) = (9.4+£3.2+£1.0£2.0)-10"* T
LHCb
= No significant excess observed o\ = T el
i t10

in the nonresonant region:
B(A. — pup) < 7.7(9.6) x 107° 0]

= Improving BaBar result by 3 02
orders of magnitude! i
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D — hhup [PHYS. REV. LETT. 119, 181805 (2017)]

t q
70 L 11}]1

¢ Cu — 35¢ T T T
Dn{ﬂ A {q}m Dﬂ{ W (j}m g o Lo N + E
NG \“} <. 3w O :
al u ’ ur Tg 20; E
= First observation with 2 fb~! of E 1F 3
@ 10F —t— E
data! 3 I 3
= Dominated by long distance o ———u o
contributions. ) ) i
= Normalized to D — Kr[up, /), §4_5, e ‘ T
= LHCb has measured the T gep O KK + E
branching fractions: P S 3
. 25F 3
£ E 3
B(D — mrpp) = (9.64 £ 0.48 £0.51 £0.97) - 10773 1ef 3
© 1; 3
0.5? E

ot
B(D — KKpp) = (1.54 & 0.27 £ 0.09 + 0.16) - 10 o i) Mevic
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D — hhup [arXiv:1806.10793]

= The challenge is to disentangle
the SD and LD.
= Angular observables can help:

I'(cosd, > 0) —T'(cosf, <0)
I'(cosB,, > 0) +I'(cos 8, < 0)

AFB =

A _ I'(sin2¢ > 0) — I'(sin 2¢ < 0) o e———
207 T(sin2¢ > 0) + [(sin2¢ < 0) > 300; LHCh

n L
I'(D — hhup) — (D — hhpp) g 200p
(D — hhup) +T(D — hhup) 8 1502

Acp =

Analysis with 5 fb~".

See M. Gersabeck talk for more details!
1850 1900
m(7tt ptpr) [MeVic?]
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D — hhup [arXiv:1806.10793]

= Need to perform a 4D

acceptance correction. <ol LHeh | < oo LHCh |
= BDT technique used to AR B O
determine it. o | | o + ]
é). st LACb smuation ] o4 Oy 04E D°~ e
E . O i S50 Wm0 150 w0 1000 150
g 4 R 3 mu*pr) [Mevic?] m(ytu) [Mevic?]
E 3 o0 2 s —— Generated E o ‘ ‘ ‘ R ‘ ‘ ‘
5 e o, e odl LHeo | < o.f LHCb ]
2 - ° |
I IPEEEY ] i o s PP B | —-—
o@imm«« -02F + 1 -02f J T ]
02 0 02 04 06
Weighting BDT output -04fF 00— ey -0.4F DO~ KK 3
g of E| X L . . Y , . .
. it ) taevi] i) e
T 2
< ok LHob | < ouf LHCb ]
= Yields done by a weighted ozt e -
likelihood fit. !
-0.2F 1 -ozF E|
) ) -0.4f D k] 04F DO KK g
All observables consistent with 0! . T . L
400 600 800 400 600 800
m(u*ur) [Mevic?] m(u* ) [Mev/c?]
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KS — pupe

= pp collisions create enormous amount
of strange mesons.

= Can be used to search for Kg — [Lfh.
= SM prediction:

Br(K_g — pp) = (5.0 £1.5) x 107"

= Dominated by the long distance
effects.

= Bkg dominated by Kg — T,

—
=)
>

T T T T
s :_ — ' hypothesis LHCb
Fo- W hypothesis

= e
SRS

,_.
3

Candidates / (1 MeV/c?)

. . . | 7
420 440 460 480 500 520
m,... [MeV/c?]
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EUR. PHYS. J. C, 77 10 (2017) 678

095 LHCb .

0.9 b
0.85[~ ‘ ]
L L
0.80

1

2 3
B(K{—pp) x10°

= No significant
enhancement of signal has
been observed and UL was
set:

Br(KSO — pp) <

0.8(1.0) x 10~ at 90(95)%
CL
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M — Pl PHYS. REV. LETT. 120, 221803 (2018)

= X — pup is a s — d transition, which in SM are dominated by
LD: O(10™%).

s d
sl u W vy o
u u

= Previously HyperCP collaboration reported evidence of this decay:
B(S — pup) = (8.6t§;2 + 5.5) -107% [Phys Rev Lett 94 021801, 2005]

x10°
250F

2 LHCh Ko 7ot T
= 200 B
5 5 - « Data
= Calibrated with K — 77 S o —Fulmogel E
. 2 3 F—K-mrr E
resolution of 4.28 MeV /c”. g | sackgouns
S 100}
o

Used 3 fb~! of data. 5°§

ot
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2 — pppt EUR. PHYS. J. C, 7710 (2017) 678

— E T
. L o8 S putu LHCb
= Normalize to ¥ — p~. g . o
v 6E — Full model
«10° g E — 5 ppt
o zoo,:lO ! 3 3 5; Background
2 180;LH(:b = pr® E é 4
% 160F- . Data = s 3
:: 140F-— Full model o O 2
S o — 2 - E 1 el e
> loof Background E . LI [ O [
% 805— F\ 3 1200 1300 1400
% 60; /I \\ é my,- [Mevic?]
I = E —~ . -
© ;g; // \\ E| % 4 LHCb E
) S A R R i o S W (] ° D;ata . ]
1100 1150 1200 1250 2 ' puiHTPS Model
mer [MeV/c?] < ]
= Evidence with 4.1 o significance. § 2 E
. . ke ]
= Branching fraction measured: R E
2 he'S Uy g gl
+1.8 -8 k=3 ]
B(Z - PMM) = (2-2_1.3 -10 g 220 220 240 250 260

m,.,- [Mev/c?]
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Summary
= FCNC processes provide powerful constraints on extensions of the
SM.
= Large bb cross-section provides a large sample of "rare” decay
processes.
= More results being updated with Run2 data.

LHCb Integrated Recorded Luminosity in pp, 2010-2017
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= Stay tuned for more results!
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