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MOTIVATIONS

» Processes that are strongly suppressed (forbidden) in the SM might be
enhanced by new mediating particles

» LFV predicted by a large variety of alternative models (Lepto-Quarks, new
gauge Z'...)

» Such particles can enter SM diagrams as virtual particles = can indirectly

observe mediators unaccessible to direct searches
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[1] Phys. Rev. Lett. 115, 111803

EXPERIMENTAL SCENARIO (3] Phye Rex Lot 113, 15160

[4] arXiv: 1609.08895v2
[5] Phys. Rev. Lett. 114, 091801
[6] Phys.Rev.lett. 111, 141801

» Recent hints of LNU effects [1,2,3] open to new scenarios

» Potential links between LNU and LFV [4,5] entail a renewed interest
on the subject

1 - Rk 1 — Ry 2
0.23 0.23

B(By = pte”) oo (1= Bx 2 B(Bs— tH(e~,u)) 4 (1= Bk 2
B(Bs = putp~)sm ' 0.23 " B(Bs = ptp)sm 0.23 '
[arXiv: 1609.08895v2]

» Previous best limits are from LHCb, with 2011 (1 fb™') data, published
in 2013 [6]:
B(BY — eTuT) < 2.8(3.7) x 107°@90%(95%)C.L
B(BY — eTuT) < 1.1(1.4) x 1078@90%(95%)C.L

2
B(B — Kp*e¥) ~ 3107 ( ) , B(B = K(e*, y*)r¥) ~2-1078 (



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.111803
https://link.springer.com/article/10.1007%2FJHEP08%282017%29055
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.113.151601
https://arxiv.org/pdf/1609.08895.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.091801
https://journals.aps.org/prl/references/10.1103/PhysRevLett.111.141801

GUIDO ANDREASSI - SEARCH FOR B—ep 4

OUR ANALYSIS

» Search for both BY_and B mesons decaying to an electron and a
muon with opposite charge

» B mass region[5100, 5500] MeV blind until the analysis strategy was
finalised

WITH RESPECT TO THE PREVIOUS PUBLICATION FROM LHCB:
» Present analysis on Run1 data (2011+2012, 3 fb
» Improved candidate selection strategy and invariant mass fit

» Benefits from improved reconstruction of electrons
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ANALYSIS OUTLINE SPLIT IN 2x8 BINS

of bremsstrahlung categories
(see next slide) and BDT output

PARTICLE IDENTIFICATION
requirements against B—+hh
double-midID (h=K,x)

BDT

against combinatorial

using 12 topological variables (P,
PT, quality of vertices and tracks)
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BREMSSTRAHLUNG

The emission of bremsstrahlung photons by electrons has sizeable fallouts on
some aspects of the analysis.

Ideally, brem photons clusters in the ECAL are identified and their energy is
recovered by assigning it back to the parent electron.

ECAL
Magnet
In practice: &
.
» some real Yy are missed, some wrong Y :
Upstream e Downstream
are added brem brem
» resolution on the energy of the y affects z, -«
electron's P, PT quality of the vertices... Air E,

| Selection efficiencies and mass shapes depe‘nd on whether or not
. a brem photon was added to the electron in the reconstruction

orem categories
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SELECTION

plots from JHEPO3 (2018) 078]

w2 T T ' T T
SEE
15- LHCb
» Trigger efficiencies in brem categories I
° 1- ____ __-
» BDT response modelled to be flat on signal ; I =
(MC) (and peaked on zero for bkg) 0.5} .
O : PR I TR TR TN T T TN TR AN T T TR NN T T
» Response on data evaluated on B =Km, as a 0 0z a0 ox
BDT response
proxy channel
» Unbiased for trigger selection 014
=T
» Corrected for PID selection efficiency Z0.12f -
b £ - =
» Corrected for brem category smememsmmsssnssmmerestliy = 0.1 i —
§ 0.08 -
» Analysis binned in 8 BDT bins £ 006 -
% 0.04 Total |
» PID efficiencies split in these bins and in brem Foon| LHCb ot
5 - IS TN I N T TR (S TR T S T SR .
category % 02 04 06 08 1

BDT output


https://link.springer.com/article/10.1007/JHEP03(2018)078#citeas
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plots from JHEP03 (2018) 078]
' T ' ' ' T ' ]

~45000F
N C
=2 40000F

NORMALISATION o

N—"

;250005
. . %20000;

» Normalise simultaneously to two channels: =z
& 10000F

5000

B*—»J/tp(a“p)KJr, chosen for the large = 3

LHCb { Data E
— Total E

------ Combinatorial :

B*— Jlymt -

------ B*— JIyK*

yield, allowing a precise fit

» B> K1, chosen for the similar

topology to the signal (i.e. similar reco
efficiencies)

Candidates / ( 10 MeV/c?)

» Average with inverse of error:

Pull

' J
B( BO N 6:I: m w norm norm q norm > NBO
(5) Z Niorm Esig Jd(s) Lsig (s)

1 I 1 1 1 I 1
5400 5600
[MeV/c?]

mJ/sz*

LHCb { Data

8000
6000 |
4000 -

2000 [

— Total —

» Ratio of the two measured BF found in excellent agreement with PDG

Npo_g+r— X EB+ jpp K+

Rnorm —
Np+_ gy K+ X EBOK+7—

= 0.332 + 0.002 (stat) + 0.020 (syst)


https://link.springer.com/article/10.1007/JHEP03(2018)078#citeas
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MASS FIT

» Mass shape of B4 and B, from simulation

» PDF: double-sided Crystal Ball

43500 F - 43000 -
E 3000 ;_ LHCDb Simulation _; E 2500 F b rem LHCDb Simulation :
-} - ] -} u

=2500¢ , ] Z2000 F &
22000 = P

g 1500 : ] g 1500 F -

E 1000 1 E 21000F =
@) - . @)

500 F s 500 E

O ! | | | ] | | | ] . O s f | | ] | | | ] | | | -

5000 5200 5400 5600 5800 5000 5200 5400 5600 5800
My = [MeV/c?] My = [MeV/c?]

» Correct the core width of the distribution for data/MC differences using
J/Y—eeand J/Y—pu appropriately combined to reproduce ep final state
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MASS FIT (2)

» Combinatorial: exponential pdf

» Exclusive backgrounds (Bo—mpv and /\Ob—>ppv): nonparametric functions from

simulation, with total yields constrained to expected

» Simultaneous fit in 7x2 bins (most background-like BDT bin is excluded)

» No significant excess observed

Systematics mostly from PDF
parametrisations, yields of the
backgrounds, shape of BDT response,
selection efficiencies.

Overall impact on the limit <5%

This is not an independent fit, just
the sum of the last 3 bins.

@)
II|III|

g G Y S W G
N

Candidates/(50 MeV/c?)
-]

S N B~ O

(\O)

5000

0.7<BDT=<1.0

LHCb — Total

[JHEPO3 (2018) 078]

¢ Data

‘e
-
e
~
"

|

5200

5400

|

5600 5800

M=, [MeV/c?]


https://link.springer.com/article/10.1007/JHEP03(2018)078#citeas
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ANALYSIS OUTLINE SPLIT IN 2x8 BINS

of bremsstrahlung categories
(see next slide) and BDT output

PARTICLE IDENTIFICATION
requirements against B—+hh
double-midID (h=K,x)

BDT

against combinatorial

using 12 topological variables (P,
PT, quality of vertices and tracks)

CLs LIMIT
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plots from JHEPO3 (2018) 078]

LIMIT

» Upper limits with pseudo-experiments using |
CLs with Likelihood ratio U

0.8

0.6

» Large lifetime difference between the two B,
mass eigenstates affects efficiencies. Limit in
two assumptions: 100% heavy, 100% light

0.4

» Scans performed independently on B, and

By, fixing each time the other yield to the Sl
best flt 0.8
0.6

channel expected observed 0.4
B(BY— e*uF) | 5.0(3.9) x 107 | 6.3(5.4) x 1072 | * 02
B(BY— eXpT) | 1.2(0.9) x 1072 | 1.3(1.0) x 107 0

* for heavy eigenstate. For light: B(BY — e*uT) < 7.2(6.0) x 1072 at 95% (90%) CL.


https://link.springer.com/article/10.1007/JHEP03(2018)078#citeas
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CONCLUSIONS & OUTLOOK

» The analysis presented here as recently been published [JHEPO3
(2018) 078]

» No evidence of LFV
» New world’s best UL on both By—ep and B;—ep

» LHC Run 2 data still to be analysed, could provide significantly
stronger limits or open to new perspectives

» Even more potentially interesting data to come after the LHCb
detector upgrade (Run3)!

» More LFV searches ongoing at LHCb, many results out soon!


https://link.springer.com/article/10.1007/JHEP03(2018)078#citeas
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THE LHCB EXPERIMENT

i
\\
Single-arm forward spectrometer (2<17<5)//\\\

/’/ / \\\\
. / / //// \\\\
Designed to study b and ¢ | /// \\\
quarks physics / \
| / pcap HCAL va M5 \
SPD/PS M3

. . M2
High resolution on decay sl RICH2 M =

vertex of flying b hadrons
and momenta

Good particle identification
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LHCB UPGRADE

/ / Side View gcaL HCAL

Magnet SciFi RICH2 M2

Tracker

upgrade
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MASS FITS (2)

lU_' Irl !'II T

107,08

T B
5000 5200

N~ O ~ O (NI
LELEL T11 21 L LI LB L L T1T]I111
// /
4 1
./ 1
l/ )
Meeessmmsssssssesaaaaan l.........................: L

5400 5600 580
m=,= [MeV/c?]

u*

lU_‘I |'|‘| T

107,08

105:}:.:

N B~ N

10_:::5.

N B~ N oo

109,107 ]

5000 5

200 5400 5600 5800
m=,= [MeV/c?]

u*

LHCb

t Data
—— Total
---- Combinatorial
- Ay = puv
B’ = mutv
_ B(S) — o= ,Ll“t
BO — o //ﬁ
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EXCLUSIVE BACKGROUNDS

B —» wuv Ag — PV

A RooPlot of "m" et
—~ 300 _ A RooPlot of "m
QO o
~ n Q
= 250F S
> - é’
S 200} =
"UE) 150 = C\_,Q
2 - @
w100 L|>J

_49(_)0 500051005200530054005500560057005800 :é - - \ 4 . . . . . .
m (MeV/c?) 4900500051005200530054005500560057005800
m (MeV/c?)

@ Shapes shown are BDT bin 2 [0.25,0.4], without brem recovery
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TRIGGER STRATEGY AND EFFICIENCIES

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

BY . — eTuT (HasBremAdded == 0)
Bg,s — eT T (HasBremAdded == 1)
BT — J/p(p T )KT

BY — Ktn—

0.726 + 0.002 (stat) 4+ 0.015 (syst)
0.621 4+ 0.002 (stat) 4+ 0.015 (syst)

0.758 + 0.006
0.212 £ 0.002

—H

—+— TISTOS: LO
—+— TISTOS: LOxHIt1
[ ] mMmc12:L0
L] MC12: LOxHIt1

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
5000 10000 15000 20000 25000
probe muon P, [MeV/c]

1=
0.9 —
0.8
0.7
0.6 —
0.5—
0.4
03 1 —+— TISTOS: LO
= I —+— TISTOS: LOxHIt1
= 5325 MC12: Lo
0.1 ;— . PE9559 MC12: LOxHIt1
:" = = W A‘\I” 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
% 5000 10000 15000 20000 25000

probe electron ET [MeV]
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PID STRATEGY AND EFFICIENCIES

€pip

0.76

0.74

0.72

0.7

0.68

0.66

EpIDe

0.95

0.9

0.85

0.8

0.75

0.7

| 1 1

—
misID rate [hh — eu] (relative)

2

3

PID efficiencies for Bs2emu without brem recovery in BDT bins for 2012

._I_
I—I—I
I—I—l
I—I—I
l—I—!
; B,
B | | | T
0.2 0.4 0.6 0.8 1

BDT classifier

@ Optimisatised with respect to
B(OS) — h™h~ double misID, with

figure of merit (FOM):

f'
FOM= > ?’58(3275 — hh)efiP

hh—eu
Bg —shh
,S

<107 _ o wrt old LHCDb analysis
@ Same signal PID efficienc

(~ 80%), but lower misID rate

PID efficiencies for Bs2emu with brem recovery in BDT bins for 2012

[a]
T L
w
0.92—
09—
0.88—
B S
0.86 — —F—
- —f
= X »—I—I—I—I—I—'_I_'
0.84—
0.82—
B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1
0 0.2 0.4 0.6 0.8 1

BDT classifier
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PEAKING BACKGROUNDS - B— HH

Main method Cross-check
@ Estimation of expected @ Single misID determined in
amount of B?S) — hTh™ is B?S) — h™h™ data
determined using @ Electron PID on one of the tracks
B(Os) — h™h™ MC weighted and hadron PID on other

with PIDCalib efficiencies e Additional misID efficiency with

@ Normalise with respect to main method
BT — Jp (= pTum)KT

@ Expected result shown here
in full mass, BDT and

HasBremAdded range and is
negligible

@ Result compatible

[
oS O

Candidates / ( 10 MeV/c?)
3

Pull
S W

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
_5600 5200 5400 5600 5800
m,,, [MeV/c’]
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MULTIVARIATE CLASSIFIER

@ Boosted Decision Tree (BDT) from TMVA

@ Purpose: separate two-body B decay without any PID assumptions
from combinatorial background

@ 12 input variables, containing B kinematics and topology, vertrex
quality and track isolation

Variables importance in BDT

0.14
0.12 [l i
o.20 (M BN i
So.os [ N N B BN omm
C
@©
-t
a
Y] BN BN BN BN BN BN BN B BT R
Gy B BN BN BN BN BN B BN BN B W
Xyl BB B B B B B B B B B e
0.00 c - N n v, ) - © ©
s &, g § s £ @ § & £ S g
E= o = ) O =) o S
3 o = = = ) S 2 s ! ol o)
@ o | o = ) | o | o @ -]
= > o o 0 o a > = | o,
€ S i 0, o' Q e g o el 2
@ @ 2 =
@ |
m El
o
2
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EFFICIENCIES - PID

@ Determined using PIDCalib

@ Reweighting to signal MC in bins of BDT and HasBremAdded with
track pr, n (and nSPDHits for electron to data nSPDHits distribution)

o BY - Ktn~ uses p and n binnings

PID efficiencies for Bs2emu without brem recovery in BDT bins for 2012 PID efficiencies for Bs2emu with brem recovery in BDT bins for 2012
[N | o -
w w
0.76 [ — 0.92—
0.74— 09—
0.72}— e 0.88|—
B I B e T
0.7— 0.86— ozezer sezezes]
— — ——F———
0.68|— ; BRI 0.84|— 3
. B : —
- 1 -
0.66 — 0.82—
B 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 B 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
BDT classifier BDT classifier
Run 1

Bt —Jhp (—ptpu”)KT  0.9781 &+ 0.0002 (stat)
B — Ktm— 0.3850 £ 0.0001 (stat)
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EFFICIENCIES - TRIGGER

@ TISTOS for LOxHIt1

=200 A S T R N S TN S A AN S S Y SR AN S SO T SR A SO ST S

00000000000000000000

@ Using TIS sample of

@ Reweight efficiencies to IP and E(for electron)
or pr (for muon) to account for biases

@ HIt2 efficiencies from MC

@ Systematics from TISTOS binning and MC reweighted for B prand nSPDHits

BY . — e*puT (HasBremAdded == 0)  0.726 £ 0.002 (stat) £ 0.015 (syst)
BY . — e*pT (HasBremAdded == 1)  0.621 + 0.002 (stat) + 0.015 (syst)

BT — J/y(utp=)KT 0.758 + 0.006
BY —» Ktn— 0.212 4+ 0.002




