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* Why are we interested in b—s## transitions ?
* Electrons and muons in LHCb

* The Ry analysis



Why are we interested in
b—sfP transitions ?

FCNC are forbidden at tree level in the SM
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How to find cracks in the SM fortress ?

Flavour Physics

Direct evidence for new particles ndirect evidence through precisior
measurements sensitive to the
presence of virtual states present in
e decay of SM particles
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Flavour Changing Neutral Currents were successtul in the past

CP violation and FCNC : sensitive Many tests limited by

probes of short distance physics statistics not by
systematics nor theory

PLB 192 (1987)
OBSERVATION OF B’-B° MIXING

ARGUS Collaboration

In summary, the combined evidence of the inves-
tigation of B® meson pairs, lepton pairs and B°
meson-lepton events on the Y’ (4S) leads to the con-
clusion that B’-B° mixing has been observed and is

substantial.
1987 Bg mixing y/s=10 GeV (ARGUS)
Parameters Comments
A O 00002 mt 2 1 0 5 -1 ,>(()).(‘)‘9;(90%<:L) t:isexperimem
. H 1 ~VU. x S ~ V. S x‘>". =f, < e t:::op:n:e?;n ecay constant
1964 K —nn : CP violation Ma Gev/cz) P P e ||| S e
o 1<1.4x10 "% B meson lifetime
3 families = m; >50 GeV el OCD comcton ot
my> 50 GeV/c? t quark mass
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Al = Y +X) = Ag

NP scale and coupling

CsMm
12

_I_

CNP

2
ANP

Branching fractions suppressed at tree level (< 10°)

Highly sensitive to New Physics (NP)

NP can affect decay rates and angular distributions
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In the SM: b t S

Relative importance of the different diagrams varies with g?= M?(£*¢")

Effective-Hamiltonian approach
Full theory Effective description

2
b 5 %eff‘: 162 tb ZCO"‘hC
¢ t Ci \/5 T \
70 _—p
P+ p+ NP enters here Operator encoding
? p- C,;=CM+CNF Lorentz structure
. oL V-A (EW penguin) dipole (e.m. penguin)
~ Fermi's description of the neutron decay b 0 bec)
OE()I,)lo = Ogl) = v
SL(R) LR SL(R)
08" = (57, Puiryb) (11"0)
01y = (57 Puiryb) (1" 75)
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But we are using hadrons ....

(and B)
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+ b-baryons ....



Photon
pole

Broad
resonances

R, signal resonant
region control modes



Rich phenomenology:

o Branching Ratios (but large theoretical uncertainties due to non-perturbative QCD)

o Angular observables

Described by 3 angles and g? Described by one angle and g?

+

vl

U CM frame
/ 2

u
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A set of anomalies in b—>s uu transitions

B? - K%t u~with 6fb~! (
B+ s K *4
B. — ¢utu~ with 9fb~1( ~ 1900evts.)

PRL 127 (2021) 151801

o "l —3— LHCb 9 fb™!

‘Tb LHCb 3 fb~!

> SM (LCSR+Lattice)
O SM (LCSR)

7 SM (Lattice)

= =
fgi Iy y(2S) :
= =2 2SR
+ l
3. 7
"N :

QTV: 1 4 1 . . . :
) 10 15

= ¢* [GeVc]

~ 4600 evts . )
*u~ with 9fb~! (~ 700evts.)

G 300F T
= F LHCb 2016
=~ |
E ! ~ 2200 events 1
v 200 .
g | :
§ L B > K 0 + -
3 100f B
S L [PRL 125(2020)011802] A
05200 5400 5600
m(K*mutp) [MeV/c?]
200 ‘ ‘ ' -
~ LHCb
Q -1
% 9fb
=
o
L,
100 1
8 ) kg o tutu |
-]
E [PRL 126(2021)161802] 1
g
O
0 5200 5400 5600 5800 6000
m(KIn* ptp~) [MeV/c?]
€ T T T T T T T
S 400 LHCb 0.1 < g2<18.9 GeV¥c*
(5 350 3.7fb!
= +Data
< 300
= 250 — Total PDF
~
‘§ 200 \ .Background
+ —
Té 150 B, > ¢utu
S 0 {JHEP11(2021)043]

m(K*K ) [MeV/c?]
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KL 330 e SM
K*tk 310 || E:
z
¢ — 1.90 —o— gE}
]
0 2 4

Vector coupling C,

Global Wilson coefficients fit seems to
indicate a pattern: different
observables give a coherent picture

4 )

but
theoretical debate about cc
loop impact




Lepton Flavour Universality tests in b—s£{ transitions

Any ratio of observables in principle

Start with the simplest (?) one: ratio of
branching fractions

E+
{=e, MorT

VAVAVAVAVAVY
N 0-

Only difference : kinematics
(lepton masses)

W S
— —\ \W+
. fY’ZO

B+’O; BS; /\b \ / K K*l ¢l IOK

difi(B— Hs u™ ™
[ ( —>dq2u 7 )dq2 s 1
dlf(B— Hs et e™) dq2 o

| 5
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b t s b _VI_/: S
\??V\W+ ut ¢ ?? ut
/,L_ 7) ZO -
1.4 — T T T
- == SM
12'_ == NP: ARe(C)——l
Tl == NP: ARe(C )——ARe(C 0)=—
I NP: ARe(Ch) = — ARe(Cd") = —
0.3 i charmonium
| f === Tesonances
0.6 [ flavio
L L L L I L L L L I L L L
0 5 10
[GeV?2/c4]

1
2
|

1.4
1.2
L 1.0
0.8

0.6

= SM
E== NP: ARe(C})= -1

== NP: ARe(C})= - ARe(Cl))= -
NP: ARe(C4)= — ARe(Cd)= -
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ectrons and muons in LHCb

Open Controls

Event 8026541
Run 205922
Tue, 17 Apr 2018 13:04:47
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Vertex

Magnet

Locator

QC;1

Tracker
T ricqnsiq

Tracking

Stations Calorimeters

Muon System

RICHZ

'y

s
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Muons:

Negligible bremsstrahlung losses at LHCb
Muon stations occupancy much lower than ECAL

= excellent MuonID and p/h already with muon station
coincidence
= lower trigger threshold

Muon Stations

LHCb-PUB-2014-046
Typical LO thresholds used in Run | . .

pr or Er SPD

2011 2012 2011 and 2012
single muon 1.48 GeV/c 1.76 GeV/c 600
dimuon pr; X pry,  (1.30GeV/c)? (1.60 GeV/c)? 900
hadron 3.50 GeV 3.70 GeV 600
electron 2.50 GeV 3.00 GeV 600

photon 2.50 GeV 3.00 GeV 600

H Schune



Electrons emit Bremsstrahlung

magnetic field exerapOlat i Before the magnet
— 1 - ' * electron can be swept out (=lost !)

/ ..................... « kinematics are “wrong”

TT BEURTETEier b | RN IURUURIRIY o

VEW P oRuORUURUPRN PUSPRPPRRRR | BRN (BN & -
il T
PV €

\ After the magnet

* Nnot an issue

Energy loss o« E,
Energy loss @ material In both cases E/p is correct
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N R

(Normalize
o

AU

0.

Fraction of candidates [%]

o

18—
- LHCb unofficial
16—
.14:—
12—
01
F With Bremsstrahlung recovery
08—
..F. No Bremsstrahlung recovery
04—
02f—
: " " e 1 l_l 1 1 1 1 1 I 1
0O 500 1000 1500 2000 2500 300? 3500
M(J/p)
60 T T T T T T ]
- LHCb .
N D ]
50 F B'—>K"J/y - Siﬁlaﬁon -]
40 F- -
30 F - ) i ) )
1 Well described in simulation
20 i
) I I I —:
0 | | | | | | .
LOE LOH LOI LOE LOH LOI LOE LOH LOI
0 clusters 1 cluster > 2 clusters

[JCLab - 30 Jan 2023 - MH Schune

from 1T

Bremsstrahlung recovery algorithm is ~ 50% efficient
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Hardware trigger is very different for electrons and muons

ELOe >  2.6Gev
ELOb > + 34Gev

p%OF S ldcav Selection effect

from LOe vs LOu
1

PN —

3

From Renato Quagliani

events/(0.1 GeV)

MUON
HCAL
ECAL I
50000 .
— B-K*J/y(ee) ||F
40000 - — Bkl || B
30000 - 2
20000 - Slml.lal' =
efficiency
10000 - l
0 ) L 1 1
0 2 4 6 8 10

max(pr(#*), pr(#~)) [GeV]
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JHEP 08 (2017) 055

% —
LHCb
------ Signal
[ Combinatorial

~ 350 BO—K*0 up

1.1<¢?<6.0 [GeV?/c*]

70
60

1 | 1 I I I
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-~ o~ 140 MeV
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50

40
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20
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Y 5
resolution R XS T LA
-5 . . . —
5200 5400 5600 5800
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— T
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------ Signal
I Combinatorial
B—X (=YK Yete-
B'—=KJ/p(—>ete)

4.6 4.8 5.0 5.2 5.4 5.6
m(Kntl) [GeV/c?]

110 BO—K0 e}%
25

20

15
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Candidates per 34 MeV/c?

Pulls
1
-+
+4
T
*
+
-+
|

5500 6000
m(K*m~e*te™) [MeV/c?]
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Experimental
context

lJCL

LHCb only

[JHEP,2020,40 (2020)] i
0
d .2 a2 /el : ® I Ab _>ng€
RpK q* €[0.1,6) GeV%/c . ° i 470! 1o
g ?
[JHEP08(2017)055] : BO - K*Off
R0 q° € [1.1,6] GeV?/c* - I | 240
0 =1 2 A5 V2/cd | . | - ’
K (1 = [00 l-), 11] GLV /L I I 3 fb ’ 2.20-
|
[PRL 128 (2022) 191802] : B+ K*+ f@
9 %
R+ - ¢*€[0.045,6.0] GeVi/c* . I -1
K : 9fb™!, 1.46
|
[PRL 128 (2022) 191802] | 0 0
/* € [1.1,6] GeV?/c! : B’ 2 Kgtt
R0 4 o clinoGevie . | 9fb!, 1,50
|
[Nat. Phys. 18, 277-282 (2022)] 1
BT K"
R 7 €[1.1,6] Gevi/c! e : -1
K 9fb™",3.1c
|
|
N .
(*)Illustration purposes : - ==SM
I l |

0.0 0.2 014 0.6 0!8 1.0 1.2
B(b— spu”)
Rx =
B(b — sete™)

(*) Measurements from Belle not shown (larger statistical uncertainties)




=the R analysis

Trigger

[JCLab - 30 Jan 2023 - MH Schune
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Simultaneous fit of two decay modes and two kinematical regions
Full LHCb dataset (9 tb)

@ AT (B0 _y J(+40) + ,—
/ ( . o )dq2 Was)| _— tree b — ccCs
qg dq / charmonium

resonances

Ri (42, q;) =

9% dF(B(+’0) — K(+’*O)€+€_) o 4(289)
2 dq2 dq (,1{/'
9a (l_rT ﬂ

+ g° ranges: dg?

»low-¢g> : g% €[0.1,1.1]1GeV?/c* low

central

» central-¢g? : ¢* € [1.1,6.0] GeV?/c*

4+ For RK*

K m(K*z") € [792,992] MeV/c?

Rare modes: ~ 1.1 -1.3 107 in the central g* range
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General analysis strategy

" B N(BHO) — K (+0)+m) N(BMHO) y K(+x0g+em)
WED) = M(B+0) 5 K40 Jip(— ptp~)) /] L(BH0) — K+40) Jp(— ete~))

_|_ &
Ll —>ese) measured to be = 1
L(J/Y — ptp~) [PDG]

« Double ratio using the resonant channels = cancel out most of the systematics due to e/u differences

* Yields obtained from mass fits

 Efficiencies obtained from corrected MC using data-driven techniques

KK* _ %/(BH’O) — K40 Jhp(— ptp™))
W %f(B(JﬁO)—) K+x0) Jhh(— ete))
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to check the corrections

Use T



Trigger strategy Trigger On Signal
wuon  Irigger Independent from Signal

HCAL

~ 25%
~ 50%

R ratios computed from
LOMuonTOS

Electron — TOS

balance of statistics
CLab o003 - v schess difference in efficiencies due to triggering



Selection 1/3

For a given decay mode:
* Stringent lepton PID cuts

« Hadron PID cut

« One multivariate classifier using kinematic and vertex quality information
to reject the combinatorial background

« Cut optimized on S/sqrt(S+B) separately for each decay mode, g region, run

period

+ specific treatment of the K"ee decay modes (next slides)

|JCLab - 30 Jan 2023 - MH Schune 26



Selection 2/3

Remove as much as possible the partially

reconstructed background

T
‘ pr(h)
N = +o=) = Dlete) -
ol > Peon(e’e”) = pleTeT) preter)
PV i | me(hete™) = | peolete”) + pyl

r LHCb

4000

L Simulation

B — K*%te

Cut low-¢*
--=-- Cut central-¢°

low-¢? signal ]
1 central-¢® signal s
1 low-¢* background ]
I central-¢? background

4500 5000 5500 6000
Meorn(K T ete™) [MeV /]

Nature Physics 18, (2022) 277-282

Combinatorial

T o LHCb

Ny : 1
=200 fi —— Data 9 fb

S 180 ER —— Total fit

S 1608 '\l e B> K'ete~
= 140 B B > J/y(ete )K"
% 120 B Part. Reco.
5]

i

S

=

<

O

R
“a

m(K e*e™) [MeV/c?]

+ a specific multi-classitier
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Selection 3/3 Semileptonic decays
B+—D%etv)
D° KV

Veto specific backgrounds

Arbitrary Units

T — T T T T T
LHCH BF > 100 x signal
0.01F Simulation 3 Does not peak in B invariant mass
BT = K*c*e ; present in the Bremsstrahlung tail
T8 BT — (DY — K )e'y, -
0 BT — (D' — K*en)n
i I B — (D" = K*ew,)et,
10 "] Semileptonic veto E
’:‘ + Specific vetoes under electron
i mis-ID hypothesis on D® —-K* -
10~ 3
1075 P T S S S I S W T
1000 2000 3000 4000 5000

Kte ) [MeV/¢?
m( € )[ € /C] 2023 - MH Schune e



Potential remaining backgrounds: different for
0 +
Bt — Ktn (n%~)X 5°and B

low-g? and central-g?
B — K7~ (%, ) X

Tighter PID cuts on the electron candidates than in previous publications.
small impact on efficiencies (Run1 ~ no loss, Run2 10% loss)

Sample T —e€ K —e

RUN 1 1.78 (1.70) % 0.69 (1.24) %
Run2pP1 0.83(1.51)% 0.18(1.25) %
Run2P2 0.80(1.50) % 0.16 (1.23) %

|JCLab - 30 Jan 2023 - MH Schune
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Efficiencies determination

Correct the simulation for

B kinematics and global event properties (tracks multiplicity)

Tracking efficiency

PID efficiency

Detector response for the trigger (LO mostly)

g? resolution and bin migration (M(ee) in MC & data)

x1073
: : Data ]
L, 0 - ~ Uncalibrated simulation -
= o Calibrated simulation ]
5 r I
> AL aa _
e
2 ol '
Z o nn LHCD 1
g u 1.6 ]
0 = N s €. . SR R U
0 100 200 300 400 500 600
NTracks

Arbitrary units

1.00f

0.25

0.00

Hadron collider: MC out of the
box is not fully reliable

Intensive use of
data control

0.75

0.50

samples

x 107
3 sall Data B
allins ~+  Uncalibrated simulation :
N L + Calibrated simulation -
- - N _
=N LHCH:
] .- 1.61h™"
: R | L | PR ..-.._.‘:..:::.I:%— ! -

50 100 150 200 250 300 350 400
BT p [GeV/(]



g? resolution and bin migration (M(ee) in MC & data)

L6000 LHCD

P = ] &°8000 T

4\ g, = ] = [ LHCb : i
C Simulation I omc - E 6000 L 9.1 fb \‘ .

A \ \
E 4000 - -+ Simulation (1) T, ! 1 & <+ Data (17) \ )
< i § o3 A,u = Myata — Myc = s Total + .
& o S 4000 gjgnal \ ]
52000 Fr K i P B |\+ -:
= i & - = ! A
8 - -0-0""‘“ ** - 8 —“;-“*-.,:T :f!f : 'N..l :
O 0 M L 1 1 | L L M O O L ————— e [ L . ; 1 . . ‘
2500 3000 3500 2500 3000 3500
m(e*e™) [MeV/c

m(ete™) [MeV/c?]

msmeared - mtrue + 5,0 (mreco . mtrue) 4+ A/J' 4+ (1 . Sa) ; (,LLMC . MPDG).
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..and test it on the (challenging) single ratio:

A(BHY - KOOI pty))

K, K*
T
7 %/( BH0) — K(+50) Jhp(— ete~))
T T T T T T T T
Bt — J + VK
LHgb +7Data/w(lu %onzbinatorial
. 9fb ——- Total B JJOK*H |

/

—_

-
w

Counts

—_
-

(5.50 MeV/c?)

[

Counts

(5.00 MeV/c?)
—_
<

[

w

=== Signal W B* — J/Yrt .
. B - /YKt e

\Y

——

PR I T SN SR NN TR TN TR (N TR T T NN Tk SO S M
5200 5400 5600 500 6000
ol Kt ) [MeV /e

LHCD BY = J /() K
1 4 Data Combinatorial
- 91fb ——- Total B — JJYK+n K _
—— Signal A) = J/pK~
N B — J/¢¢

B /YK
B /YK,

T R e L
5200 5400 5600 5800 6000
My (Kt ™) [MeV/ied) ab - 30 Jan 2023 - v ga(BE T ee™) [MeV/¢7]

Counts / (6.50 MeV /c?)

Counts / (6.50 MeV/c?)

—
-
D

—_
-
w

—

|

—_

-
>

(@]
T

—
-
S

1

T I T T T T I
Bt = J/(ete ) K+
< Data Combinatorial
——-= Total B— J/WK*'K
s~ Signal W Bt - J/yr
B B~ J/YK R~
B - X(— J/VhKYh

S~o
~ -
-~
-~
-
—_—

L A T B
5000 5500 6000
myp(K ete”) [MeV/c?
T I N
B’ — J/{(ete ) K
= LHgb + Data /C,Lgrgliinitot)'ial N
9fb ——-= Total B — J/WKtn K
- —— Signal A) — J/YpK~
B B — /vy |

B B J/pK
. /K
W 5 X(J/Vh) KK

N o
~
~
s
==

| L
5000

L | L L L L | L
5500 6000
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’I“JM = 1.047 4+ 0.024 and TJM = 1.028 4= 0.024
single ratio

LHCb9fb™! LHCb9fb™!
et w(BY) e w(BY) e w(BY) e w(BY)
none - L none - ¢
TWpID [ * 1 Twep[ f
TWTRK [ . 1 TWTRK[ * 7
TWMult&Kin [~ f TWMult&Kin [ F 7
+wro [ ! 71 tWwLo ! ]
+whLT [ 1 1 twHir 1 7
+WReco [ ' 1  TWReco [ 1 7
FWRes [ " 1 TWRes[ " 7

SRR
A [%]

20

—20 0
(Tj/qp) [70]

20
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correction impact ~ 25%

(syst dominated)



but, as expected, on double ratio, the effect is much less important:

P(25)

(K’K*) T

none
+WPID
TWTRK
TWMult&Kin
+wL0
TWHLT
+WReco

"|_wRes

LHCb9Hh!
s w(BJF)M'—e—' w(BO)_
—IQO (I) 2IO
AR} o) (%]

N (BCHO) _y K40 (2S)—ops))
N(BH+0) - K+ Jhp(— ptpu~)) /) 2

none
TWPID
TWTRK

T WMult&Kin
+wLO
TWHLT
FWReco

+wRes

%f ( B(0) _y g (%0 1/)(25)('—>ee)

LHCb9fbh~!
rei w(BY) e w(BY)

20 0 20
A(R ) g) %]
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N(B+0 o5 K+ Jjp(— eten))

correction impact < 5%
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Fitter schematics: muon modes

Br— Kruu

BO— KOu u

00 MeV/c?)
[I=N
o
o

=200

14

Counts /

o

Counts / (14.00 MeV/c?)
no S
S S
I =

o

Low-g?

. LHCb Ry low-g® |

T T T T T T T T T T

* 9 fh-! 4+ Data
!

=== Total
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St
L

5200 5400 5600 5800
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L Combinatorial {

- i -

I \
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150
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o
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S
S

Counts / (14.00 MeV/c?)

o
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0F
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\ -=~"Signal 1 =7 i -~ Signal
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- + ~ T Bty ]
- 1 1 = ; +
L ; g } + |
=
(@] -
=== = (@] 0 h.p/ I A d 1

o

5200‘ 5400 5600 5800
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- Data -
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I Iy ]

I /} l\ ]
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1=

D

A
: ﬁ
L \ Combinatorial
]
|
-

S]

T

' R
Ry J/w-control |
Data

=== Total
=== Signal
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B A) - pK™ Iy ]
. B! - ¢J /Y
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C ) - B Ky ]
b T I K — 7 swap 4
L \ N 1

A doedeaieatain.al
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5200 5400 5600 5800
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[JCLab - 30 Jan 2023 - MH Schune

o

5200 5400 5600 5800 6000
m(K n~ptp™) MeV/c

x 3 runs periods (Run1 — RunZ2p1 — Run2p2)
x 2 trigger types (TOS or TIS)
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Fitter schematics: electrons modes

Low-g? Central-g?

— -7 gy —r—— —T———r—r—7—] — — e e P
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Effect of various electron PID cuts on R, results without treatment of misID background
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A simple example: B*— K* i

BR(B*— K* ) = 5.1 10~ to be compared to BR(B*— K* ee) = 1.3 10”7 in the central-g? region

Using a m misld value of 1% and an electron PID pessimistic efficiency of 80% : S/B ~ 16

in addition not all the decay is selected:

Phys.Rev.D 78 (2008) 012004
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Things are more complicated ....
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This background is coming from many different sources, many of them not being measured
(eg B —K" mr Dalitz distribution unknown)

A representative subset of these backgrounds have been studied on MC = small

But all of them ?

+ Nasty potential interplay: simple-minded illustration

= Extract its shape directly from data

[JCLab - 30 Jan 2023 - MH Schune

39



Define a control region for the electron identification t |
. o
Invert PID requirements on one or two electrons after —
the full selection O
Subtract the remaining signal events in the control
region 0 ' >
ProbNNe
= Invariant mass distribution for the control region:
. L R B B L A A I L I A B
S Ry central-¢° LHCh 1% F Ri central-¢? LHCb ] > Ry central-¢ LHCH 1
= . B mass ol 1= 100 e B* mass gyt 172300p - B™ mass gfpt
=200 ¢ K "€ Cpase 1~ 75 - t K'e €passCiail = b Ereen i
2 [LH : 18 _ ¢ } 122F iy _-
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= | 12 5F ¢ .{{{ 7 2 | ]
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Mis-identified hadron can be Pions or Kaons (leading to different background shapes) which have different
probabilities to be mis-identified as electrons

= categorize them using the NN Kaon-ID variable

Pion calibration sample Kaon cahbratlon sample

12 J'I!_l-'_l".'l"l Fizm ie=s -I e R I EE
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Larger peaking backgrounds in the low-g? regions due to the presence of hadronic resonances

Those shapes and contaminations are used as constraints in the nominal fit



Misidentified backgrounds in R

- LHCh
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Misidentified backgrounds in RK*
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e,
o

Simultaneous fit for R, extraction: muon modes

low-g> central-g* resonant-J/y
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e,
o

Simultaneous fit for R, extraction: electron modes

low-g? central-g* resonant-J/y
L [ wLHOb + pulK o’ = LHCb e = LHCb it oonizdl. |
Z 60k 9! I3 D d4 g 9 fb? e 1210F 9! Bl :
i | = 20 ﬂ\ R e 1= -~ Signal !
= I Combinatorial 4 S i Combinatorial S B Combinatorial |
2 40 F i1 I Misidentification - o~ {l * I Misidentification i A - * BN Partially Recoed |
T /' \\l M Partially Recoed 1 & /) NN Partially Recoed L05F s B KTy A
= B Kiy(setey) ] 100 g G (B KNG o) T / .ty
0 N o / (75} E //
-g 20 : : "g / \é\*’ § |: .0... ’ \.
= \
O 0 n ; - (3 0 e T e T T o e ¢ 8004“?&» —— e
5000 9500 6000 2000 2000 6000 5000 o 5500 . 6000
m(K*ete™) [MeV/?] m(K*ete™) [MeV/c m(K*e*e™) [MeV/d]
: x10*
~ [ - e — — T T T L T R ——— T / o l.
3 k .. low-a2 Q o -q° C AL Ry-+ J/[y-control 4
< [ LHCb R low-¢ 1 =100 LHCb R central-g” 1 =4 LHCb Kk 4/
Z60F 9! { et ] 2 9 fb~! { e | T p 9b7 f\ T
= : - Signal y - Sional = === Signal
S nglbinaiorial S 1! Cgrnnbinatorial = Clg:]nbinatorial 1
~40F BN Misidentification = =~ " W Misidentification 1 ~i 3 0 Partially Recoed
ach B I Partially Recoed T 1 50 Q % B Partially Recoed = E”_3,2 B ¥ N A) - pK-Jf 7
S | | ~ I/ .\\- B> KVJ/¥(—oete”) 1 ~ . { . B - 6J/y
220 1 & ‘ 1 2 -5 Ky
§ 8 § e Bl K — 7 swap
o —— : @] 0! AP =~ 0 i e e e NP Y
. 5000 9500 6000 5000 2000 6000 5000 5000 6000

m(K*r~ete™) [MeV/c? m(Ktm~ete”) [MeV/c? m(K*n~ete™) [MeV/c?



A factor ~ 4 in yields between electron and muon modes

Measured yields from simultaneous fit to Ry

LU observable Muon (x10%) Electron (x10%)
low-¢°> Ry 1.25 £ 0.04 0.305 £ 0.024
low-¢* Rk- 1.001 £ 0.034 0.247 4 0.022
central-¢°> Ry 4.69 £ 0.08 1.19 +£0.05
central-¢*> Ri- 1.74 £ 0.05 0.443 £ 0.028
JWb Ri | (2,964 +0.002) x 10°  (7.189 + 0.015) x 102
JWp Ri- | (9.73340.010) x 102 (2.517 % 0.009) x 102
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Systematic uncertainties

Ry low-¢? Ry central-¢ Ry« low-¢° Ry central-¢*

(fit) Misidentified background 25 2.2 ' Y 23
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(fit) Combinatorial modelling 10 - 0.2 14 04 1
(fit) Fixed fit parameters 01 4 0.1 02 - 02 -
(fit) Resonant mode fit model 0.3 i 0.3 0.4 - 0.4 -
(e + fit) Modeling of mcoy 0.2 0.2 0.3 0.3
& Stability of 175" 08 0.4 18 05 -
¢ Trigger 0.3 : 0.2 0.3 ] 0.1 ;
£ Kinematics and multiplicity 0.3 ~ 0.3 0.6 - 0.5 -
£ Particle ID & factorisation 0.2 - 0.2 0.1 - 0.1 -
£ q2 migration 0.3 - 0.2 0.3 - 0.3 -
e Form factors 01 1 0.1 08 - 08 -

Osyst [%] Osyst [%] Osyst [%] Ogyst [%]

Main ones from misidentified backgrounds
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Tight

80% misID suppression
50-60% signal loss

Intermediate

50% misID suppression
20-30% signal loss
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| Intermediate -

Nominal

| Tightf-

| Intermediatef

Nominal

Stability of the results when using tighter PID working points
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‘ Results

o [ R = 0.994 0028 (stat) *022 (syst),
ow-q R — 0.997 10093 (4 o4) +0.036 t
|tk = o.087 (stat) Zgiozs (syst),
central—q2 < Rx =0.949 +8 83% (stat) tg 83% (SySt), 14 - LLHCb Rx  low-¢2 = 0. 994%)'8%47
\RK* = 1.027 +8 823 (Stat) ig 83(75 (SySt)a 0 fb’l Ry central-¢> = 0.949700%
L R[\’* 1OW—Q' - 0 927+ ()93
1.2 i Ry central-¢> = 1.0271007%
Q i
< Lol | }
S t f
0.8
First or most precise test of LFU in b—s#? - {  Data =16, p= 0812, o = 0.2
0.6 - — SM
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Ry low-¢° Ry central-¢° Ry low-¢° Rp central-¢°
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Conclusion

Simultaneous fit of two decay modes and two kinematical regions
=> In depth revision and understanding of electron misidentification

(Rie = 0.994 *$:0% (stat) *3:022 (syst),
|Ri- = 0.927 T30 (stat) *003¢ (syst), ° 5 to 10% precision (stat dominated)

> (syst)
(syst)

(Ric = 0.949 10092 (geapy 1002 oy Compatible with the SM at 0.2 ¢
(syst)

low-¢° ¢

central-q? <
T\ Rie = 1.027 10072 (gtat) +00T (guet

\

b —sf{ has a rich phenomenology (= a lot of possible measurements)

» Branching Ratios (but large theoretical uncertainties due to
non-perturbative QCD)

* Study of the angular distributions of the decay products

* Ratios of BF (test of Lepton Universality): conceptually very
simple, experimentally very challenging
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syst), * 5to 10% precision (stat dominated)
syst), « Compatible with the SM at 0.2 ¢
syst),

syst),
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Ri = 0.994 H009

Rg- =0.927 1099

9 stat
low-g~ < ¢
stat

central-g? <

Ry~ = 1.027 F0072

* 5to 10% precision (stat dominated)

» Compatible with the SM at 0.2 ¢

(stat) Too57 (syst),
(stat) To.0s5 (syst),

Ry =0.949 Yooy (stat) oo, (syst),
(

stat) *0.06 (Syst),

Looking back in the mirror

VoLume 6, NUuMBER 10 PHYSICAL REVIEW LETTERS May 15, 1961

DECAY PROPERTIES OF K,° MESONS™

D. Neagu, E. O. Okonov, N. I. Petrov, A. M. Rosanova, and V. A. Rusakov

Joint Institute of Nuclear Research, Moscow, U.S.S.R.
(Received April 20, 1961)

1961

Combining our data with those obtained in refer-
ence 7, we set an upper limit of 0.3 % for the rel-
ative probability of the decay K,° ~7-+7+. Our
results on the charge ratio and the degree of the
2m-decay forbiddenness are in agreement with
each other and provide no indications that time-
reversal invariance fails in K° decay.

Experiment stopped by funding agencies

In 1964 CP violation discovery:
(2.0 £0.4) 103

Physical Review Letters, vol. 13, n° 4, 1964, p. 138
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Background

subtracted distributions (using sPlots)
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Candidates / (24 MeV/c2)

Counts / (32.00 MeV /&)

Comparison with previous measurement

Nature Physics 18, (2022) 277-282
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Different selection : = 0.033 statistical

R = 0.8467

0.044
0.041

scattering allowed

Shift due to contamination at looser

working point: + 0.064

Shift due to non inclusion of the misID

backgrounds in the fit: + 0.038

Rk

=0.949 *

0.042
0.041

(stat)

+0.022
—0.022

(syst)

adds linearly




Calorimeter information
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But also the RICH information !

From RICH I (upstream) and RICH II
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Clusters overlap: depends on di-lepton opening angle and momenta

= the effect depends on g?

It has impact on electron PID and the J/Psi control region has a different behaviour from the central-g2 one

= additional cut (few % signal loss only in central-g?)

-

Cowboy

decay
vertex

\_

Sailor

decay
\A/

Calorimeter cell sizes: from 4x4 cm? to 12x12 cm?
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Data-driven approach: Pass-Fail method

PassFail (PF) Transfer Function
[ Bt s Ktete (From PIDCalib 7/K samples)
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[R. Quagliani]
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Counts / (8.75 MeV /%)

Counts / (8.75 MeV /)

+ Simple backgrounds from double-misidentification can be isolated inverting PID criteria

(close to nominal selection) after full selection (i.e K**®4*h~ ) on electron mode
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The rate for misidentitying two hadrons as electrons in the nominal dataset
~ 2% of that in the control dataset
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