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The LHCDb detector

Magnet

Forward spectrometer at the LHC designed for the study of heavy

T flavour physics

Pseudorapidity coverage 2<n<5§

" The weakly-decaying (boosted) b-particles fly ~ cm. Locating the
""'displaced b-decay vertex separates signal from background.
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Rare Decays

® Flavour-Changing-Neutral-Currents tforbidden at leading-order (making certain decays extremely rare).

® Rare decays are powertful tools for probing NP interactions.

® Pure leptonic decays Bg) — £7¢~ are even rarer in the SM due to helicity suppression, sensitive to BSM effects.

® Recent measurements of decays involving b — s£ ¢~ transitions hint at deviations from SM predictions in lepton-

flavour universality tests - motivation for measurements of decays to leptons

HO [ Purely Leptonic Rare Decays at LHCDb
Y“Cr‘\) Lauren Yeomans




BY - ete™ and BY — ete”

SM Predictions:
B(B) — ete™) = (8.60 £ 0.36) x 107"

BB - ete™) = (2.41 £0.13) x 1071
[M. Beneke et al. JHEP 10 (2019) 232]

With NP contributions could reach
values of O(107%) for B(BY — e*e™)
and 0(10719) for B(BY — ete™)

[R. Fleischer et al. JHEP 05 (2017) 156 ]

Previous experimental bounds (CDF
collaboration):

BB — ete™) < 2.8 x 107
BB > ete™) <83 x 1078

at 90 % CL
[Phys.Rev.Lett.102:201801,2009]
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Normalisation channel:
BT - (Jly —» eTe)KT

Year COM Lumi

2R 7 TeV ~ 1 fbT
2FPAN 8 TeV ~ 2 fbT
2R EER[ 13 TeV ~ 2 b
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Candidates / ( 120 MeV/c¢2?)

4500

- No excess of events is observed over the background.
- Limits: 95’(39 > ete)<9.4(11.2) x1077 and B(B" — ete™) < 2.5 (3.0) x107°
at 90 (95) % CL when neglecting the contribution from the other decay.
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BS — u u~ and BY — //t+//t_

SM Predictions: Normalisation channels: Year COM Lumi
_ _ — 2R 7 TeV ~ 1 fb
BBY — putp7) = (3.65 + 0.23) x 1077 B™ - (Jly » p*pu )K"
(By = u"pu7) = ( ) X O PGP 8 TeV  ~ 2 fb-!
B(B° — u*tu~) = (1.06 = 0.09) x 1071 and B” — Kz IRl 13 TeV ~ 1.4 fb-
[C. Bobeth et al. Phys. Rev. Lett. 112, 101801 (2014)]
® Evidence of BY = u*u~ with observed significance of 3.2¢ < - S | | [ B — 7
. L — Total g
(1.80 and 2.66 from LHCb and CMS data, respectively). > " - LHCb — - B > - -
* 95’(3.91”%:2) X 10719 —2.2¢ above the SM prediction E FT™ BDT > 05 ---- B’ = utu -
[Nature (London) 522, 68 (2015)] 3 25 : i Combinatorial _:
>~ - 4 e B, — h*h" -
e BY - ity observed with a significance of 7.8¢, BRis in = 20 F -o= B = (Kuty, S
o N 0(+) 0(+) 4. - _
agreement with the SM prediction 5 IS5 e BT s T 3
% - - A, = pu v Z
_ + 7 + O 10 =~ BY J/IPMEV =
b I b + H u “'.~.’_. \ o " -
+ T~ W o :_ | T _ I . _:
0 W ZO 0 5 ¥ e K I _
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BY - 7t~ and B’ — 7t7~

4
SM Predictions: O 107 Year COM L
= : . ear umi
%(BSO — 7)) =(7.73 £ 0.49) x 107/ j'g 10° b . LHCb
) :
RB(B° — 1777) = (2.22 £ 0.19) x 107 S | 4 Data
[C. Bobeth et al. Phys. Rev. Lett. 112, 101801 (2014)] U 1()2 E_ - Total
- = -1 x Signal
Previous experimental bounds (BaBar  _ Back 5 nd =
collaboration): 10 ackgtot Normalisation channel:
E i 0 _ L
BB - t717) < 4.10 x 1073 L B’ - D™D with:
ST FEETE PR PR FRETY FRT T FERNE FENN FATT NNy _ L
at 90 % confidence level (CL) — S D™ - K'z"n~ and
[Phys.Rev.Lett.96:241802,2006] Q:: O- - Ds+ — K K n™*
5 llllllllllllllllllllllllllllllllllllllll
, , 0010203040506070809 1
The 7 decay proceeds predominantly via Neural network output

the decay chain:

(at least two undetected .
® No excess of events is observed over the background.

77— a1(126())—yT neutrinos in the B decay)
| ® Limits- B(BY - t717) < 6.8x102 and BB - t777) < 2.1x1073 at 95 %
a,(1260)” — p(770)7~ confidence level, when neglecting the contribution from the other decay.
} ® First direct limit on %’(Bf — 7777) and world’s best limit on B(BY — 7717)

p(770)° = 7z~
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SM Predictions:

BB, = Tu¥) =~ 107

[L. Calibbi et al. Riv. Nuovo Cimento 41, 71 (2018)]

Year COM Lumi

ZJaRR 7 TeV ~ 1 fb-1
748 TeV ~ 2 fb-1

S

_FV B decays

forbidden in the SM unless neutrino mass
oscillations are included

Previous experimental bounds (BaBar
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_such as Bg) — 7’

-N
-

Normalisation channel:

B > D (- K n )t

Cand./ (0.05 GeV/c?)

collaboration): _ NI‘;’('f’_)TiM1 =-16 + 38
_ ) = ;

RBB° — 7% p¥) < 2.2 x 107 a Nps o= -65+58

at 90 % confidence level (CL) 46 48 5 5.2 5.4 5.6 5.8 No signal excess

[Phys.Rev.D77:091104,2008] M, [GeV/c?]
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- Limits - B(BY — t*u¥) < 4.2 x107° and B(B" — 75u™) < 1.4 x107° at 95%
confidence level, when neglecting the contribution from the other decay.
- Results represent first limit on BY — t*u¥ and most stringent limit on B® — 7y ™

MN\M/\A)\_\ - Imposes new limits on vector leptoquark model [C. Cornella et al. JHEP 1907 (2019) 168]
W T
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KJ— utu~

SM Prediction: Year COM Lumi Normalisation channel:
_ ~ -1 _
BKY = ptp~) = (5.18+1.55%0.02¢p) x 1012 il 13 TeV ~ 5.6 1b KO > ntr
Where LD and SD signify long and short distance effects. . 10%=
| | RS { LHCH - K — php
[G. D’Ambrosio et al. Phys. Rev. Lett. 119 (2017) 201802 ] ~_ _ : S K H
% 101 ........... ]{E — 'u%-'u—
> 1 p— .
Long distance (top) and 0 7 / ~ : —— ](g — Tt
short distance (bottom) Kg 1 - 10() . | Combinatorial
contributions to decay Ll > m _ : | |
ode @ . — Total
= 107 "=
S < < ] S < , !
S W /1 S W Z() /1 'U : |
u,c,tA YU w,c,ta .6‘ ) . Sou
d > > nwod > W n % 10——‘ — T l l | l
® 480 500 520 540 560 580

M (pp~) [MeV/e?]

. 0 _ _
® Run 1 Limit- B(Kg - p*u™) < 9x107" at 90% CL ® Observed signal yield consistent with zero

[Eur. Phys. J. C77 (2017) 678] o | A . 10 1
® New and improved trigger strategy for Run2 Limits - %(KS — pp7) <2.2x10" " reduced to < 2.1x10
at 90% confidence level when combined with Run1 result
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® Rare decays are sensitive probes of BSM physics

® Rare decays involving leptons allow tests of LFU

® Several interesting purely leptonic decay analyses already completed within LHCb - many more ongoing

Thank you for listening!
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Search Strategy

Many analysis presented use normalisation channels in order to cancel large uncertainties
in 0,, ,,; and also potential systematic effects in lepton reconstruction and selection.

N
: Signal .
RB(Signal) = Where:
) X gim X 6pp—>bl_9 )(f X €Signal N is number of events
l l « &, isthe Integrated Luminosity
*  0,, IS the bb cross-section
Large uncertainties in these measurements « fisthe hadronisation fraction (measured by LHCb)
- not ideal for Rare Decays.. « ¢ isthe total efficiency
So, we normalise against another decay RS 1) — SB(Norm) €Norm fNorm N
: L. > ( lgna ) — X X X Signal
channel in order to elevate these uncertainties Nyorm €Sional  Jsignal
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B? - ete” and BY — ete™

FSR corrections:

The measured electron momenta are corrected for losses due to bremsstrahlung radiation by adding the momentum of photons
consistent with being emitted upstream of the magnet . Candidates in data and simulation are separated into three categories with
either zero, one, or both electrons having a bremsstrahlung correction applied.

MAIN SOURCES OF BACKGROUND: d"’ : | T LHCH f d"’ : T LHCh f
Combinatorial - Use BDT to reject this 0.8 — Observed 0.8 4 Observed |
Lower mass region - Partially reconstructed backgrounds i _Exllzfaed i _Exllzfmd ]
of the types B & Xete™ and BT — DO(— Y te—ve)etve 0'6:_ 0'6:_ —:
dominate, where X and Y represent hadronic systems. 045 04 _
B mass region - misidentified particles in the decays BO — i I _
m—e*ve and B = h*+h'—, where h and h” are hadrons 0'2; _________________________________________ 0'2; ______________________________________ -
Y o I [V ol soeand X107
0 5 10 15 20 0 1 2 3 2 5 6
B)— e*e~ branching fraction B’— e*e~ branching fraction
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BY - ete™ and BY — ete”
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The bremsstrahlung
categories are summed over
the (left) Run 1 and (right)
Run 2 data sets. The relative
proportions of background
contributions change
between Run 1 and Run 2
due to different
performances of the
particle-identification
algorithms and BDT
selections.
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BSO sttt and BY - 1

Backgrounds: BO = D—ntn—n+t with D— = KOn—n+n—,
or BsO = Ds—mitrn—n+ with Ds— = T—-VT [LHCDb simulation

CT i ST . - f LR Cg‘o
~ 1800 = 1200~ LT T : S o
NQ.) - O i O Two-dimensional
—~ 1600 LHCb 2 u Q distribution of the invariant
% | - lr ‘_Il 1000+ masses mp+r— of the two
2 1400 :— + _+_ Data +: - oppositely charged two-
1200 0 _ - pion combinations for
O OOE # — B — D*D: S 800 B simulated BO = t+1~
; 000 + ----- BO—> D _D;' I candidates. The distribution
] - - is symmetric by
< 800 - 600 = construction. The vertical
:-9 600 i and horizontal lines
F% 100 E 400 B ikl)lustr(ajte.the sector
- oundaries.
© :
200' ool v o e b e 1
200 400 600 800 1000 1200

50

m_. . [MeV/c?]

m,- D* [MeV/c?]

Signal - both T candidates in sector 5 (used to determine the signal yield.)

. . . . O — — +
Invariant mass distribution of the reconstructed B D™ Ds Signal-depleted - at least one T candidate in sectors 1, 3, 7 or 9, (provides a sample used when optimising the selection.)

candidates in data (black points), together with the total fit

result (blue line) used to determine the BO — D~Dg* yield. Control region - one T candidate in sectors 4, 5 or 8 and the other in sectors 4 or 8 (provides the background model.)
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Distributions of the reconstructed B
invariant-mass in data in the four final
BDT bins with the projections of the

fit for the BsU signal-only hypothesis

overlaid. The lower-part of each
figure shows the normalised
residuals.
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Projection of the fit to the
dimuon invariant mass
distribution for (top) two TIS and
(bottom) two xTOS BDT bins.
These bins correspond to the
BDT response with the biggest
signal-to-background ratio
(increasing from left to right).



