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Introduction

Why b — s¢7¢~ decays?

+ So far, no direct evidence of Beyond Standard Model (BSM) particles
+ Search of New Physics (NP) with indirect approach

» EW gauge boson couplings to £ families universal in SM

» Does it hold at higher energy scales?

AN

A O(1 = 100) TeV

+ b— sC7¢ to probe NP
» B ~ O0(107°), suppressed at tree level

» Highly sensitive to NP (TeV scale) \/ZS)

>

Rare decays (AF = 1)

Direct searches

App probed depends on NP structure

» NP can affect decay rates and angular distributions

Couplingyp(x) c

» Is BSM physics hierarchical in lepton sector? CKM-like \ generic

o ° N r 4 e o
flavour violation flavour violation

Renato Quagliani LHC Seminar, CERN 3



Introduction

Why b — s¢7¢~ decays?

Gy
Hyp=——=V, V) (CM+ AN )0,

T2

l

b s : T/ (18) tree b — ccs
w\g/ \ W\ s / ( ‘/‘/ charmonium
{ - resonances

$(25)

:
Cor.101

b >

low

/ /
Cg( ) | C1(()>

central

f=mA(frET)
.. : with PseudoScalar H, in final state, KO, K*
— : with Vector H, in final state, KV K, o, ...
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Introduction

Anomalies in b — syt~

= BY — N _ . .

TN S L b — su*u~ differential decay rates
"o 14F  LHCb )
> nf —smoesreLieo|  # Similar behaviour in several decay (see backup)
O I | SM(LCSR _ . .
< 10f oM (Laten + SM predictions heavily affected by hadronic form factor
S shy -
& of s o W(ZS)+ 1 uncertainties o, ~ 0(20-30%)

C —$— | - . .
s G | "= Anomaly or common issue with form factors from SM?
N y
Se 2 ' : —
S : _
S o r——————— b > sy u~ angular analyses

[PRL 127 (2021) 151801] q° [GeV?/c*]

+ Recent results (LHCb) ones:
_ 0 () _ . 1
[ K*F 330 o] N > B > K™% u~with 6fb™" ( ~ 4600 evts . ) e szseomonseo
+3. _ > B+ N K*+//t+//t_ Wlth 9fb—1 ( -~ 700 evts ) [PRL 126(2021)161802]
> K*+~ 310 |—e— = | |
1 = » BS —> ¢/’t+/’t_ Wlth 9fb_ ( ~ 1900 evts ) [JHEP11 (2021)043]
= ¢ —  1.90 L | (E}
- | > 4 Intriguing coherent and consistent pattern
0 9 4 » However, charm-loops can mimic shift in C

Vector coupling C,

Renato Quagliani
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
https://link.springer.com/article/10.1007/JHEP11(2021)043

Analysis

Today: lepton flavour universality test in b — sZ7¢~

+ Full LHCb dataset (9fb™!), simultaneous measurement of R & R

% AT (B0 5 K(H*0) )+ - _
/ ( : p )dq2 7/ (15) /treeb—>ccs
2 2 q; dq / charmonium
RK,K* (qa7 qb) — 5 resonances
aj, dF(B(+’O)—> K(+’*O)6+€_) , (25)
2 dq? dq CTM
da d_F T
+ g° ranges: dg” -
75 G
>low-¢~ : g¢” €[0.1,1.1]1GeV~-/c* low | e e
centra J
» central-g° : g € [1.1,6.0] GeV?/c* -
—_—
4+ For RK* q2 = mz(ff)
KV: m(K¥z™) € [792,9921MeV/c> i, Ry
—— Ry

Renato Quagliani LHC Seminar, CERN 6



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

NP: ARe(C}) = —ARe(C M= —

1

charmonium

l\)lb—*
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Lepton Flavour Universality (LFU) tests in b — s¢7¢~

LHCDb only

[JHEP,2020,40 (2020)]

. . R —H ¢*€][0.1,6] GeVZ/c* | o :4 Ag %EKM
+ Coherent pattern of tension to SM in pK o | 4.7fb7, 1o
[JHEP08 (2017) 055] I B() _ K*Oéf
LFU test with b — s£7¢~ transition: R o CElLLOGeVel — | 31, 240
K*0 q° €[0.045,1.1] GeV?/c* o : > 220
|
[PRL 128 (2022) 191802] |
. - ' BT — K*T 0/
. . . RK*+ - ¢%€0.045,6.0] GeV2/c* | o | 9fb_1 1 4o
+ Ry ratio extremely well predicted in SM : ’
[PRL 128 (2022) 191802] [ 0 Ogg
» Cancellation of hadronic uncertainties at 107 1 2 V2l . ' 5~ — Kg
RKS q* € [1.1,6] GeV?/ | : 9fb_1,1.50'
> @(1%) QED COTTeCt1OoN |[Eur.Phys.J.C 76 (2016) 8] [Nat. Phys. 18, 277-282 (2022)] : n n
ot M —{ ¢*€[1.1,6] GeV?/c* —o—| . BT — K
» Statistically limited Ry 7 ¢eit | 9fb~1,3.10
|
(*)Ilustration purposes [ -—=SM
| | |

+ Any departure from unity is a clear

B(b— sup™)
B(b — seTe™)

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

Renato Quagliani LHC Seminar, CERN 8
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https://doi.org/10.1140/epjc/s10052-016-4274-7
https://link.springer.com/article/10.1007/JHEP05(2020)040
https://arxiv.org/abs/1705.05802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.191802
https://www.nature.com/articles/s41567-021-01478-8

Analysis

The LHCDb Detector

o Tracking Muon System

Magnet Stations

Calorimeters
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Analysis: strategy

LFU test strategy

qb dP B("‘O)% KH_*O),LL ,u )

d 2
R 'l q
K, K* quqb qb dF (—I—O N K(_|_ *()) + _)
/ e
dq

(B(—I—O) y K+ >k()),u 1 )
(B(+:0) — K(+:%0)ete—)

N
Rk k) = §

+ A from mass fits, € evaluated from data-driven corrected simulation

Renato Quagliani LHC Seminar, CERN 10



Analysis: strategy

LFU test strategy

qb dr (-I— 0)% K(—|— *O),LL ,LL )d ) Measured t() be ]_ Phys. Lett. B731, 227 (2014)
- dg? ! y ['(J/Yp — eTe)
K,K* qaaq
b /qb dU(B7 - K eteT) 12 I'(J/Y — ptp~)
q2

(300 kg e
(B(+:0) — K(+:x0)ete) %[(B(Jr,o) — K+50) J/ab(pt )

N
Rk, x+) = N

+ A from mass fits, € evaluated from data-driven corrected simulation
+ Use resonant-J/y mode as normalisation to cancel out most of € systematics in e/u

differences. Resonant-J/y mode also used for & calibration

Renato Quagliani LHC Seminar, CERN 11


https://www.sciencedirect.com/science/article/pii/S0370269314001440?via=ihub

Analysis: strategy

LFU test strategy

qb dr (-I— 0)% K(—|— *O),LL ,LL )d ) Measured t() be ]_ Phys. Lett. B731, 227 (2014)
- dg? ! y ['(J/Yp — eTe)
K,K* qaaq
b /qb dU(B7 - K eteT) 12 I'(J/Y — ptp~)
q2

(300 kg e
(B(+:0) — K(+:x0)ete) %[(B(Jr,o) — K+50) J/ab(pt )

N
Rk, k) = N

+ A from mass fits, € evaluated from data-driven corrected simulation
+ Use resonant-J/y mode as normalisation to cancel out most of € systematics in e/u

differences. Resonant-J/y mode also used for & calibration

%
KK—I

+ Cross-check goodness of calibration testing "oty

Renato Quagliani LHC Seminar, CERN 12


https://www.sciencedirect.com/science/article/pii/S0370269314001440?via=ihub

Analysis: strategy

LFU test strategy

Measured to be 1 |ppe2o22 Measured to be 1 Phys. Lett. B731, 227 (2014)
L(Y(2S) = prp”) y ['(J/¢p —eTem)
F(0(25) = eFe) D(J/w = p i)

rvlj =

V(B0 - K=0y(28)(utpm)) M (BHO 5 K0 f(ete))
N(BH0) & K 0p(28)(ete-)) M (BEO - K0 J/p(utp-))

o |2,

+ A from mass fits, € evaluated from data-driven corrected simulation
+ Use resonant-J/y mode as normalisation to cancel out most of € systematics in e/u
differences. Resonant-J/y mode also used for & calibration

+ Cross-check goodness of calibration testing rjli’//K* =1

4+ Cross-check goodness of method testing'RK*

Renato Quagliani LHC Seminar, CERN 13


https://www.sciencedirect.com/science/article/pii/S0370269314001440?via=ihub
https://pdg.lbl.gov/

Analysis: strategy

Challenges in LFU tests: electrons and energy losses

- tion o
magnetic field extraPO T |
P it
/ ....... L - ’
R R B [ ’Y ........................
VELO N PP R . extrapolation trom T'T
I T
PV

Renato Quagliani LHC Seminar, CERN 14



Analysis: strategy

Challenges in LFU tests: electrons and energy losses

. Lo .
magnetic field extrapO il
_— -
/ ....... B a
R R B [ "Y ........................
VELO N S R . eXtrapolation from TT
1114 T T~
PV €
[ JHEPO8 (2017) 055] \\\\\\\\‘-‘\\-~\\\\\__J
60 i I I | | |
LHCDb
50 B Data t )

» Brem recovery 1is
~ O(50%) efficient
> Well described in

simulation

40

0 *
B'—=K"J/y Simulation
30
20
0 I
0 | | | | | |
LOE LOE LOH LOI

LOH L0l LOE LOH LOI
O clusters 1 cluster > ? clusters

Renato Quagliani LHC Seminar, CERN 15
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https://arxiv.org/abs/1705.05802

Analysis: strategy

Challenges in LFU tests: electrons and energy losses

) T]._T3 \ fion ﬁOm _____ | | [
magnetic field extraPO o Lo — B = J/u(eo)k _
) Y || SRR ’ — B_)(]/w(,ulu)K*
T /_ ;;;; - y B o~ 140 MeV FECAL”
VELO oleaessonntilil T e | 5~ 40 MoV i
(11 T —— resolution
eV = “4rMissed y -
0.2 —
\ “I'Brem
[JHEZ%WON)OSB] e 4?8 5?0 5.2 5.4 5.6
Xk LHICb | | | ;Data | - m(Knl) [GeV/c*]
§ >0 :_ Bk 1y -Simulation _: \ )
< - . o .
= 40F 4 » Brem recovery is Wider fit range than muons
< - ]
! 5 4 .
2 3oL 1~ O(50%) efficient » more background,
5 20 | : : L. :
= 1 » Well described in » more sensitive to peaking structures
= 10 & : : :
B I : simulation > lineshapes are brem-dependent
0 LOE LOH LOI LOE LOH LOI LOE LOH LOI

O clusters 1 cluster > 2 clusters
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Analysis: strategy

Net effect for LFU tests: muon modes

Narrow B signal

[ JHEP0O8 (2017)055]

resonant-y(2S)

— _-_: _-_ '-: :.= . o R ¥ -:-_ -
R T e m - s -
= = I By = " oy = -_

resonant-J/y

LI
-5 = =

F

£y
vl L e

v i

- L

'I.::-

e
=l
- "
-IC

-

= “mm

i

o

m(K - u*tu) [MeV/c?]
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https://arxiv.org/abs/1705.05802

Analysis: strategy

Renato Quagliani

Net effect for LFU tests: electron modes

Wide B signal

[ JHEP0O8 (2017)055]

50 5500

6000

m(K* me*e”) [MeV/c?]

LHC Seminar, CERN
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https://arxiv.org/abs/1705.05802

Analysis: strategy

Hardware trigger: major effect on ¢ differences on u/e

MUON MUON
HCAL HCAL

Erle > ~ 2.6 GeV

[.On 50000 -
ET 0 >~ 34GeV — B=K*Jiylee) || B
Selection effect 40000 - —— B-K*p(up) |8
pr > ~ 1.4GeV s :
from LOe vs LOu 1 30000 - 8
S . 2
1 2 20000 - Similar |2
~ S g efficiency
3 d
10000 A l
O ‘ | | | |

0 2 4 6 8 10
max(pr(@™), pr(£™)) [GeV]
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Analysis: selection

Selection: hardware trigger choice in Ry g

MUON MUON
HCAL HCAL

E;0 > ~ 2.6GeV

E%Oh > ~ 3.4GeV

p%oﬂ >~ 1.4GeV Trigger-Independent-Signal (TIS) Trigger-On-Signal (TOS)
e(LOu, h, e) e(LOp)

- from underlying event - from tracks in B candidate
e(LOu, h, e) e(LOe)

\
= R-ratio from <

TIS LO //i> + Less e(e/u) ditterences to correct in TIS

TIS LoOe + Previous Ry g« only LOu in muon mode

Renato Quagliani LHC Seminar, CERN 20



Analysis: selection

Selection: multivariate classifiers

1. BHY 5 g0+~ and B — K ete™ : suppress combinatorial with

multivariate classifier using kinematic and vertex quality information.

2. BV o K 0ete= dedicated classifier
to fight partially reconstructed o
backeground, exploiting vertex and track /2

1solation =

+ Optimisation of significance for each mode/g” regions and data taking period

Renato Quagliani LHC Seminar, CERN 21



Analysis: selection

Selection:

veto specific backgrounds B™

mode

120 i [ [ I I I : I [ — . .
L 99TY%  956%  95.6%  992%  99.0% - ] LHCb
100 L 95.2% 99..3% 97.1% 73.6% 85.2% b il & iI Qimulation -
i } : * , §| Bt s Ktete
=) B _ d B BT — (D" — K1 )etr,
= 0 I $ ” §| [0 BT — (D" — Ktep)nt
& = ; EI [ BT — (D" — Kte .)etv,
E 60 i S 10~ g "] Semileptonic veto E
& | ; - !
1 40 central-g* - s 4
- LHCb . . ' £ |
i Qimulation —+ Signal efficiency E 4:; % :
: <+  Background rejection << o4 i
| | | | | igg% -
x\)@ X X\)Q/ Q) Q i%i?
% /\ & \Z( )Z »ag
X '<\/\ X Q/} ( 25 \‘é’ \«e *
w Q 7\ 2\
Q]«b Q;‘\b ]«e Q>)<Qj Q>J<QJ 1072 R IS S S :
K S A v %\] 1000 2000 3000 4000 5000
X 4 X 4 7‘\ XQ\ @q) m(K+€_) [MQV/C2]
o L e
SR 4 + Combination of efficient kinematic and particle identification

Hadrons and criteria to remove background

+ Specific vetoes under electron mis-1D hypothesis on

leptons swaps

D' - Ktn™

—€
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Analysis: selection

Selection: veto specific backgrounds B mode

05% 993% 997% 93.9% 98.0% 99.8% 98.3%
- 90.5% 96.;3% 97..3% 97.3% 72.0% 86..6% 75.0% N
T ; -
| —
- LHCH central-g° ‘
I_ Simulation —+  Signal efficiency -
Had : <+ Background rejection
adron
. 4 Q Q ) ¢ ¢ ¢ ></
MisTD | o€ @Y " Y 27 2 o
N ps /\4\ DA o Q/) ) Qj\a ) Qj\a ]‘é' Over_
e \154\ e & & & Q)X
y A ST reconstructed
S % Y Q/ S\& %‘5\
N Q? o7 \ér ‘Z:&
%’ Q) Q]
N\ o &7
A ©
%

Hadrons and

leptons swaps

Renato Quagliani
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+ Combination of efficient kinematic and particle identification

criteria to remove background

+ Specific vetoes under electron mis-1D hypothesis on
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Analysis: selection

Selection: partially reconstructed background

T | | I L L
0.16 17 i Bt — Ktete™ i
- [LHCDb | Cut low-¢°
V14 E Simulation i T 1CU‘3 C;“Ffal-flz '
I : OW-q~ signa ]
o 012 : central-¢® signal 5
= - : low-¢° background
5 0.10:— i central-¢* background _
= 0.083 | —
pr(h) s : |
(ete) =DPleter) - ——— & 0.06f i
pr(e™e”) l I
— — 0.04 :
mcorr(he+e ) = ‘pcorr(e_l_e )+ph‘ I
0.02}
0.00
4000 4500 5000 5500 6000 4

Mmeon( K ete™) [MeV/c]

+ Small-correlation with combinatorial shape: modelled according to same-sign data KT V¢*¢~

+ After m

oy S€lection, no > 2 missing hadron background expected in fit range.
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Analysis: € calibration

Calibration of simulation to determine ¢

Corrections for:

+ Particle Identification (PID) + Hardware trigger (LO)

+ Tracking (TRK) + High level software trigger (HLT)

+ B kinematics and event multiplicity + B decay vertex reconstruction (RECO)
(BKIN&MULT) + g* resolution and bin-migration (RES)

Renato Quagliani LHC Seminar, CERN 25



Analysis: € calibration

Calibration of simulation to determine ¢

Corrections for:

+ Particle Identification (PID) + Hardware trigger (LO)
+ Tracking (TRK) + High level software trigger (HLT)
+ B kinematics and event multiplicity + B decay vertex reconstruction (RECO)
(BKIN&MULT) + g* resolution and bin-migration (RES)
Multi-step correction to simulation where w; = “Data , where &g 1aion USES W,
€Simulation

B+ - K+ yutu~) ()~ -
|
B — ket (- D - (- € - G - ) -

+ Two weight chains evaluated: one using Bt — KTJ/w(£¢) and one using B — K °J/y(£€)

+ Results evaluated with both chains & shown to be compatible for the first time

+ Nominal approach is to use the B* chain for B decay channels and vice-versa

Renato Quagliani LHC Seminar, CERN 26



Analysis: € calibration

Calibration of simulation to determine ¢

Corrections for:

+ Particle Identification (PID) + Hardware trigger (LO)
+ Tracking (TRK) + High level software trigger (HLT)
+ B kinematics and event + B decay vertex reconstruction (RECQO)
multiplicity (BKIN&MULT) + g* resolution and bin-migration (RES)
X107 x 107"
: Data : . Data _
BRG] S — <+ Uncalibrated simulation - 37 —~+  Uncalibrated simulation -
= | ] +  Calibrated simulation : = +  Calibrated simulation
— i — [ ]
—— T = = .
JAr Bt - K J/y(ete™) - =2 Bt > KtJ/y(ete™) :
1N e IR S 3
=i R LHCb_1 ; CI LHCb o
= . 1.6th : ; " 1.61th _
: e : : — _
Ox T T R .—°._::—-|_,"::=.=_._.__,| PN DU R I G O- R T I S TR .I"|"'|"'I-0-l-==|=bn=s=—-—-—-l—_n—_n—_n_._n_—_ -
0 100 200 300 400 500 600 0 5 10 15 20 25
N Tracks BT XIQP

Excellent data/simulation agreement in each data taking period after all corrections
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Analysis: € calibration

g° migration

Corrections for:

+ Particle Identification (PID)
+ Tracking (TRK)

+ B kinematics and event multiplicity

+ Hardware trigger (LO)
+ High level software trigger (HLT)
+ B decay vertex reconstruction (RECO)

(BKIN&MULT) + ¢° resolution and bin-migration (RES)
o T ] I | SOR000F 1 L -
S6000F  LHCH A - = [ LHCb !
2 Simulation H 2 2.1 \
= _ [ = 6000 ‘\ .
= 1000 - <+ Simulation (1) Tl _ — "+ Data (17) “
g . ————Total F 2 - ————Total - -
o« Z' ‘\‘ @/4000 ——==Signal \‘
' Combinatorial |

2000 # ‘ - — |
E : ,f‘* -\;-\ _ -E 2000 - - _*; -
g - oo -0 1 g M :

M ! ! ! I ! ! M —————— e . : : ! : s e Y O PP
O 0 ~ 0

2500 3000 3000 2500 3000 3500

m(ete™) [MeV/c?

Renato Quagliani

LHC Seminar, CERN

m(ete”) [MeV/c?



Analysis: € calibration

g° migration

Corrections for:

+ Particle Identification (PID) + Hardware trigger (LO)
+ Tracking (TRK) + High level software trigger (HLT)
+ B kinematics and event multiplicity + B decay vertex reconstruction (RECO)
(BKIN&MULT) + ¢° resolution and bin-migration (RES)

L T T ] T - SOR000F — T 1 _
L6000 LHCH A . _Obaa - 2 LHCb !
% Simulation :T \| oy - % 6000 L 2.1p! \ -
24000__ <+ Simulation (1) 'I?I‘ _‘L _ § "+ Data (17) “\
g L ————Total / ‘| A,u = Mygta — Myc - g 1000 T Total -‘1- )
& ' HA ' ac) . ———-Signal \
?2000; ;4 ‘f* . —— tirial “& _
= : - : = :
3 : M’/‘ : 5 ot paseee et \"‘u......,,!_,_,,,_,, ,:
@, O M L L L | L L M @, O —————— i L : i ! : : :

2500 3000 3500 2500 3000 3500

m(ete™) [MeV/c? m(ete”) [MeV/c?
smeared true reco true MC PDG
m =m"" 4 5, - (M = m™) + Ap+ (1 —s5) - (0 — Myy).
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Analysis: cross-checks

Renato Quagliani

—_
-
D

(5.00 MeV/c?)

/
—_
-

o

Counts

Cross-check resonant modes: mass fits (B™)

I L L L I — 1 T 1
BT J + VKT T BT J +to VKt
Lqu _]D>ata/¢<lu Iléon?lbinatorial Q106 | LHgb -4~ Data - é?ngtinaiogal N
| 9tb = Toual WD KR | Ofb™ == Total W5~ J/UK
a === Signal W BT - J/yrt . % =~ = Signal . Bt - J/yrt .
B B = J/ YKt~ B B = J/ YKt~
%. BB X(— J/VR) K
o .
= 10°
= b T
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Analysis: cross-checks

Cross-check resonant modes: mass fits (B")
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Analysis: cross-checks

Cross-check resonant modes: r;,, & R g
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Analysis: cross-checks

Efficiency ratios and double ratios

° o _1
+ On single-ratios, the LECEU?B% )

noI1e
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Analysis: cross-checks

+ On single-ratios, the
calibration of efliciencies

moves 7y, by 25%

+ On all double ratios, the
effect of corrections to
simulation is moving the

result by at most 5 %

Renato Quagliani

Efficiency ratios

none
T WPID
TWTRK

T WMult&Kin
—HULO
TWHLT
+WReco

_l_wRes

none
T WPID
TWTRK
FWMult&Kin
—|-wL()
TWHLT
FWReco

_|'wRes

LHCH9fh™!
~ei w(BT) et w(BY)

and double ratios

LHCHOfh™!
e w(BY) e w(B)

LHCh9h!
~e+ w(BT) et w(BY)

I—ZOI 0 20
A(RE y5) [%)

I—ZOI 0 | 20 |
A(Rg low-¢%) [%)

I—QOI 0 | 20 |
A(Rj central-¢*) [%)

LHCb9fh™!
o w(BY) e w(B)

LHCbh9fh™!
e w(BY) e w(BY)

LHCb9fh™!
Fo+ qw(BT) e w(BO)

—2OI 0 20)
AR, [%)

LHC Seminar, CERN

—2()' 0 | 20 |
A(Ry low-¢%) [%)]

—2()' 0 | 20 |
A(Rj+ central-¢*) [%)]

34



Analysis: cross-checks

Efficiency ratios and double ratios

+ On single-ratios, the
calibration of efliciencies

moves 7y, by 25%

+ On all double ratios, the

effect of corrections to

none
T WPID
TWTRK
TWMult&Kin
‘FZULQ
TWHLT
+WReco

—%IURBS

simulation is moving the

result by at most 5 %

+ Demonstrate the strength
of the double ratio method

for e
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Analysis: fit-setup

Cross-feed Ry« & Ry in mass fit for electron mode

K>I<
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— Directly from K Yete”

JHEP 11 (2016) 047

Use F¢ measurement in

JHEP 04 (2017) 142

and Breit-Wigner tails

Extrapolation factors / full amplitude from K*J/ys [pue ne v iz 22200 cos

Kt accounting for isospin factors and & corrections
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Analysis: fit-setup

Scan results in electron PID w/o treatment of misID bkg
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backgrounds exhibited a coherent pattern
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Analysis: fit-setup

Misidentified background in electron mode

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

(close to nominal selection) after full selection (i.e K™ °h*h™ ) on electron mode

— 1. HCH central-¢° — I [.HChH central-g°
g B <4 Data g - <4 Data
= o Sl P = S O ol T
= ; Com?inato?ia? = : Com?inatorial -
> H. =100 -
O O
— 50 ﬁt b # ,|r++ — ¥ :
Z : Z ;T i
= tt 1 = 50F - -
o +++ PN o ‘* -
S SN WY O F

PR T T T ST S \|\\ ol o -"w J_ i _l _lﬁ;t-_‘-"&/ | M m—

100 5200 5300 5400 100 5200 5300 H400
m(Ktrta™) [MeV/c?] m(KTKTK™) [MeV/c?]

+ Similar structures (see backup) also for Ry, however unknown Dalitz for K °hTh~

+ Single misidentification background as well, often unknown

+ Developed a new inclusive data-driven treatment of masidentified background

Renato Quagliani

LHC Seminar, CERN

38



Analysis: fit-setup

Misidentified background in electron mode

+ Invert PID requirements on one or both e after full selection (control region)

+ Subtract residual eTe™ signal falling in the control region

+ + t Nt -
K (7[ )efal pass K (7[ )epassefall K™ (nm )efailefaﬂ
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- ol 1, L 0%0a%0%0n00aeete sl g SR R A D TR X oLe—v v 1 . . % *%P0a%50000000. doona.d
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+ Categorise pion- and kaon-like electrons in control region based on neural-net kaon 1D

classifier

+ Per-event /per-track weights on e, to predict background shape and normalisation for €pass
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Analysis: fit-setup

Misidentified background in electron mode

+ Control region choice:

» not too far from signal, ensuring

only pion/kaon misID is relevant

pass |
+ —— (transfer function) from

fail

D"~ —» DK n7)n~ calibration

data in p;,n bins

» K/ — e : “control™ “signal”

+ Validation:
» Data: use D%(K*77) in Ktete™
vetoes)
> Stmulation: BY - KTKTK™ and
Bt - Ktnn™

» Prediction within 2% margin

(no

Renato Quagliani
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Analysis: fit-setup

Misidentified background in electron mode

+ Model them analytically Predictions after per-track and per-event weighting
» Kernel density estimation for systematic (signal subtracted)
4+ Normalisation N§ 205- LHgb Ktete™ low-¢2 —N§ 30: LHgb Ktete™ central-¢> -
= I b { Data (weighted) 1= : I1b { Data (weighted)
» Gaussian constrained (stat. precision of & 1°F 18 20F -
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5000 5500 6000 5000 5500 6000
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15 - I ]
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= - 9fb . | @ - 9fb . :
» Trigger effects, binning transfer = 10} t Data (weighted) 17 oF t Data (weighted) :
function 2 ! 12t H I“ ‘
2 5h 4 & - $ ]
= 1l = 5F -
= }{}}}} {l ** *H { E f -
NB: musidentified background not included in mass & } } **h TN .Hi.o....-.m S ok 9{**}.}-....{............;
fit in previous analysis (see backup for comparison) 5000 006000 o0 E 00 6000
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Analysis: fit-setup

Renato Quagliani

Misidentified background in electron mode (Rg-)
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Analysis: fit-setup

Renato Quagliani

Misidentified background in electron mode (Ry-)
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Analysis: fit-setup

Mass fit to rare mode muons: simultaneous fit Ry
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Analysis: fit-setup

Mass fit to rare mode electrons: simultaneous fit Ry g+
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Analysis: fit-setup

Mass fit to rare mode electrons: simultaneous fit Ry g+

low-g* central-g~ resonant-J/y
I I I I I I I I I I I I I I I 7 g;;‘;—ﬂ‘a IV *_vu‘?‘:;ﬁﬂ >< 105 ! I I I I I I I I I I I I
RS Ry low-¢° RS Ry central-¢* RS ! LHCb Ry J/v-control |
§ S%?bc? N -+~ DataK - S g%?bq]? -+~ Dat;( - §1 O - 9 fh~ 1 <4~ Data B
< 00 | ¢ ——=—Total " = 200 y ——— Total 4 & L —=—= Total ]
= I 1 | J— Signal ] = A‘\ ——=- Signal ] = — ==+ Signal
8 i ‘|| Combinatorial ] 8 i’ | Combinatorial - 8 | Combinatorial |
~ 40 F b \| Misidentification — ~ }, * Misidentification ~ i > '*' Partially Recoed |
& - + I B Partially Recoed - @ I B Partially Recoed - E?/O = “‘J/ - B 707 -
v B Sl W e A B
% 20 - o é 1= \ |
- : - - -
" e Litdty. o > s |l 3 ~as
@, 0 _— T — i . i L A8 PO S @ 0 -- Lo @, 0. == :
5000 5000 6000 5000 5500 6000 5000 5000 6000
m(Kete™) [MeV/c?] m(K"ete™) [MeV/c?] m(K"ete™) [MeV/c?]
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T ' ' ' | ' ' ' ' | ' ' ' ' | < ' ' ' 'ﬁ | ' ' ' ' | ' ' ' ' | '
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§ S%I%Ibc_kl) + D[a(ta ?100 9 fbo_l <4 Data 1 §4 L 9 fh 1 + Data |
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o I B Partially Recoed 7 o« 50 k B Partially Recoed - @/2 — / A — pK—J/y ]
— | ~ }\-BO%K*OJ/M—W €)1 ~ ./ \ B B — ¢J /Y
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= = [ — - B K — 7 oswap
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Analysis: fit-setup

Mass fit to rare mode electrons: simultaneous fit Ry g+

low-¢ central-g e resonant-J/y
R — X
o | ' ' ' | ' ' ' ' | < ' ' ' | ' ' ' ' | ' ' ' ' | 1l &0 N ' | ' ' ' ' | ' ' ' ' | '
RS Ry low-¢° > LHCH Ry central-¢* g LHCb Ry J/v-control
§ S%?bc? N -+~ DataK - § 0 qul + Dat;( - ?1 O - 9 fh~ 1 + Data _
< 00 | ¢ ——=—Total " = 200 y ——— Total 4 & —=—= Total
= I ' ‘ - == Signal ] = I’*‘\ === Signal . E / ‘ —— %ignai)l
- ! Combinatorial ] i 1 Combinatorial ombinatorial
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§ E%I%Ib(j_kl) -4 D[a(ta § 100 -4 Data §4 L9 bel -4 Data |
< 00 ——— Total 1 = ——— Total = ——— Total
= === Signal § === Signal E ﬁ ===+ Signal
= Combinatorial Combinatorial Combinatorial
g 40 Misidentification — i A Misidentification g ,"’ Partially Recoed
& I B Partially Recoed 7 & 50 ¢ Il Partially Recoed & 2 / A — pK-J/Y
220} B ~ | S\ mmB
Z 2071 Zz ' Z ¢ / B K
g % I % '-./.'f. B < — 7 oswap
D ] s - e : D //{,;7’\
@, O ———7 ! ! : : @, O ———— " ! ! — @), O = - ;
5000 5000 6000 5000 5500 6000 5000 5500 6000
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Analysis: systematics

Systematics break down

Ry low-¢* Ry central-¢° R+ low-¢° Ry central-¢°

(fit) Misidentified backglrounds:l_I 2.I5 — — 2.I2 — :_II 1.I9 — — 2.13 —
(fit) Partially recoed bkg - 0.2 — l 0.2 — _ 1.2 — - 0.5 :
(fit) Combinatorial modelling _ 1.0 — I 0.2 — _ 1.4 — - 0.4 —
(fit) Fixed fit parameters I 0.1 — | 0.1 — - 0.2 — I 0.2 —
(fit) Resonant mode fit model - 0.3 — - 0.3 — - 0.4 — - 0.4 —
(e + fit) Modeling of Mo L 0.9 1 = 0.9 1 bm 03 1 b 03 _
e otability of 745(/5 _ 0.8 — - 0.4 — — 1.8 — - 0.5 —
e Irigger o 0.3 1B 0.2 1 B 0.3 1B 0.1 -
e Kinematics and multiplicity - 0.3 — - 0.3 — - 0.6 — - 0.5 :
e Particle ID & factorisation I 0.2 — - 0.2 — | 0.1 — | 0.1 —
e ¢ migration - 03 1 02 4 pm 03 4 pm 03 1
e Form factors I 0.1 — | 0.1 — _ 0.8 — _ 0.8 —

0 1 2 840 1 2w a0 T2 Tw a0 T2 TwTTTh

Osyst | /0] Osyst [ /0] Osyst [ /0] Ogyst [ /0]

+ Dominant systematic from misidentified backgrounds estimation from data driven method

+ Measurement still statistically dominated
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Analysis: results

Results

i 0.094

s [ = 09947528 (o) 20527 e | 4] LHCD Ry lowgt — 0,000
Rie = 0927 08 (sta) D% (svst) | [ fp-] Ry contrakg? = 0.0407008

centralg? 6 = 0949 Toour (stat) Tooag (syst), ol Ry~  low-g> = 0.92700%
Rg- = 1.027 7 82% (stat) To0ar (syst).| “<1 Ry central-g> = 1.027+0077

+ Most precise and accurate LF'U

g _
: . 1.0
test in b — s transition o? i [ _f_ ﬂ— —I—

+ Compatible with SM with a

simple y* test on 4 measurement Vo

at 0.2 o

2

Ry low-¢° Ry central-¢> Ry~ low-¢° Ry~ central-¢°

Renato Quagliani LHC Seminar, CERN 49



Analysis: results

Results

ow-g? {RK = 0.994 058

g

R — (0.949 +0.042
central-¢° { K —0-04l
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Ry central-¢°

4+ Correlation matrix from simultaneous

fit between results

Renato Quagliani

Ry« central-¢°

R+ low-q° —

LHC Seminar, CERN

Ry low-¢* —

—1.0 —0.9 0.0 0.5 1.0

B T T
Correlation

0.015 -0.017

X 3 0’ &
> Q8 > Q
&“& \é"\Q &‘{, \Q
S % *
Q&Q Q valfo QY
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Analysis: results

T Toos2 (stat) Tooag (syst),
Rac- = 0.927 8128 (stat) 338 (syst)

entral-g° Ri = 0.949 Tgqu7 (stat) Zgogs (syst),
Ry~ =1.027 T 8(7)% (stat) T00ar (syst).

+ Muon & agrees to published value

<
within the analysis d? .

+ Scaling R g g+ to measured

branching ratios of muon mode in

JHEP 06 (2014) 133

)
Central q JHEP 11 (2016) 047
dB(BT™— Ktete™) _ _
i = (25.5113 +£1.1) x 1072 GeV~?
dB(B’ — K*%e™
( 1 ©¢) _ (33327 £2.9) x 10~ GeV-2

Renato Quagliani

Results

1.4

1.2

0.8

0.6

LHCDb
9fh—!

St

Rix  low-¢> = 0.9947)0%
Ry central-¢> = 0.949700°
R+ low-¢° = 0.927700%

Ry~ central-¢> = 1.027100%

e

t Data =16 p=0812 ¢ =02
—  SM
Ry low-¢° Ry central-¢° Rpy» low-¢° Ry central-¢°
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https://link.springer.com/article/10.1007/JHEP06(2014)133
https://link.springer.com/article/10.1007/JHEP06(2014)133

Analysis: results

Conclusion

lowoq? 4 i = 0994 Tom, (stat) T (syst),

R~ = 0.927 Too57 (stat) Togs3 (syst)

contral.q? 4 T = 0:949 50k (stat) “hngs (syst).
Ri- = 1.027 Tg6s (stat) Togr (syst).

+ Most precise and accurate LFU test to date

4+ The results are compatible with the SM at 0.2 o level

+ In-depth revision and understanding of electron misidentification in this analysis
+ Take all the knowledge acquired and bring it to the Run 111 data taking

+ Brand new detector in Run III ( a brand new detector )
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Backup:

COMmparison

[Nat. Phys. 18, 277-282 (2022)]

240
—4— Data 9 fb™
— Total fit
------ B™— K'e'e

BB = Jlylete ))K*
B Part. reco.

Combinatorial

Candidates per 24 MeV ¢

~
~
...

Pl 7Bl A BB i b | e

9,500 6,000
I 1 1 1 1 I
Ry central-¢°
<4 Data -
200 i ——— Total —
. ———-Signal -

Combinatorial

Misidentification

(| I Partially Recoed

Counts / (32.00 MeV/c?)

100 ‘},\t- Bt — K*J/ih(— ete™) -
———— ‘&\%;\ Sogat o )
U 5000 5500 6000

m(Ktete™) [MeV/c]

Renato Quagliani

Comparison to previous Ry measurement

4+ Difterent PID cut used = Allowed o
+ Mis-ID rate from D"~ — D%(Kn)n

stat -

: +0.033

+ With new(previous) analysis requirements

Sample T — € K —e
(114+12) Run1 1.78 (1.70) % 0.69 (1.24) %
(15+16) RuNn2pP1 0.83(1.51)% 0.18(1.25) %
(17+18) Run2P2 0.80(1.50)% 0.16(1.23) %
, , X 1 (Runl) X 2 (Runl)
single-misID X 2 (Run2) X 7 (Run2)
2 X 22 (Runl
double-misip < - (Runl) (Runl)
X 22 (Run2) X 72 (Run2)
+ Shift due to contamination at looser working ?;
=¥
point : +0.064 ®
(NI
+ Shift due to not inclusion of background in g
K
mass fit: +0.038 3
N~
LHC Seminar, CERN
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https://www.nature.com/articles/s41567-021-01478-8

Backup:

comparison Comparison to previous Ry measurement
[Nat. Phys. 18, 277-282 (2022)] + Different PID cut used - AHOW@d Gstat : i0033
240 ¢ : _
L 220F LHCb 3 + Mis-ID rate from D™~ — D°(Kn)x
' 200 f —4— Data 9 b
% o o + With new(previous) analysis requirements
N 140 Bl 57— Jly(e'e)K Sample T—e K —e
S 120 Part. reco. - -
S o S P reco. (11+12) RuN1  1.78(1.70)% 0.69(1.24) %
s 8 (15+16) RuNn2pP1 0.83(1.51)% 0.18(1.25) %
S 40 (17+18) Run2pP2 0.80(1.50)% 0.16(1.23) %
O L
i | b,
28 - R s T W T - . X 1 (Runl) X 2 (Runl)
S1INngilie-111is
> o 5 X 2 (Run2) X 7 (Run2)
150 ;g’ (KTete™) (MeV ¢™?)
C\E12.55_ HUN T r]jf)gttjﬁwelghtéd) o double-mislID x 12 (Runl) X 2% (Runl)
gmoi . Poking (rod) X 22 (Run2) X 72 (Run2)
U B Peaking (sharp) 7 . . . .
| i+ Shift due to contamination at looser working
O 4 .

point : +0.064

+ Shitt due to not inclusion of background in

500 1 1[,} 1

2.0 f.ll:‘{ ! ‘ ) ++ + ‘I; _

: N R S SR B S S| l+ + 1; :.r;—fui— " .i]—,bt ,—hﬂ._.é

VOTTT50 5000 5250 5500 5750 6000 mass fit: +0.038
m(K*tete ) [MeV/c?]
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https://www.nature.com/articles/s41567-021-01478-8

Backup:

comparison Comparison to previous Ry measurement
[Nat. Phys. 18, 277-282 (2022)] + leferent PID cut used - AHOWGd Gstat +O 033
240 , _
. 2200 HHCE 3 + Mis-ID rate from D"~ — D%(Kn)n
o 200 H + It —— Data 9 fb
> 180 % i — Total fit . : . .
2 whf #-’: A g + With new(previous) analysis requirements
140 R Bl 57— Jiy(e'e )K" Sample T—e€ K —e
S 120 o Part. reco. L
o 100 BEAA / S P reco. (11+12) RuN1  1.78(1.70)% 0.69(1.24) %
§ 8 (15+16) RuNn2pP1 0.83(1.51)% 0.18(1.25) %
e . (17+18) Run2pP2 0.80(1.50)% 0.16(1.23)%
° oo B S, >
R B W e SR N dermicID 1 (Runl) X 2 (Runl)
! 1 -111
20 | 2200 0,000 SHHSTELS X 2 (Run2) X 7 (Run2)
150 J;; (K e*e”) (MeV c?)
N RUN 2 (6tbf") ( + ?gtt;(Weighted) : . X 12 (Runl) X 22 (Runl)
?12'5 ;f Smooth combinatorial like - double-mislD X 22 (R 2 X 72 (Runz)
= 00 i = ﬁeaiing Eb}l;oad)) ' ( un ) >
g L i eaking (sharp 7 . . . .
& 1 Al T 1 4 Shift due to contamination at looser working o
- . "':r-~-~'.°f+ y | 7 Q.
9 T ] . VA
Z 50f| | ! | LF : pomt : +0.064 d
Q \ . . . . )
S 95 TH 4+ Shift due to not inclusion of background in = S
A N B + + #H'f *—_i-i.“ﬂ’ﬂ g
007750 5000 5250 5500 5750 600D mass fit: +0.038 <
m(Ktete™) [MeV/c <
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https://www.nature.com/articles/s41567-021-01478-8

g° regions

low-¢° region: 0.1 < ¢* < 1.1GeV?/c?,
central-¢g* region: 1.1 < ¢* < 6.0 GeV2/ ct,
electron J/i) region: 6 < q* < 11 GeV?/c?,
muon J/i) region: im0 — E/BG\ < 100 MeV/c?
electron 1 (2S) region: 11 < ¢° < 15 GeVQ/ C
muon 1(2S) region: m(007) — jjgg)\ < 100 MeV/c*

Renato Quagliani LHC Seminar, CERN b7



Backup:

Fit-ranges/Signal yields

Fit ranges and observed yields

Measured yields from simultaneous fit to Ry

Electron (x103%)

LU observable

Muon (x10%)

Fit ranges
Lepton | g2 region Fit type Range ( MeV/c?)

low, central unconstrained 4600-6200
unconstrained 4600-6200

Electron J/p
constrained 4900-6200
P (2S5) constrained 5100-5750
low, central unconstrained 5150-5850
unconstrained 5100-6100

Muon J/p
constrained 5100-6100
p(2S5) constrained 5100-5750

“constrained” for cross-checks

“unconstrained” for simultaneous fit to Ry

Renato Quagliani

low-¢°> Ry
low-¢? R+

central-¢° Ry

central-g° Ry~

JIb Ry
J/ R

LHC Seminar, CERN

1.25 -
1.001 -
4.69 -
1.74 -
(2.964 -

- 0.04
- 0.034

- 0.08

- 0.05

- 0.002) x 103

(9.733 -

-0.010) x 102

0.3095 =
0.247 -
1.19 -
0.443 -
(7.189 -

- 0.024
- 0.022

- 0.05

- 0.028

- 0.015) x 102

(2.517 -

- 0.009) x 102
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Backup:

PID electrons Challenges in LFU tests: electrons and energy losses

PID

RICH 11
RICH 1 | | |
magnetic field LOH — B = J/b(e)K” _
— — B J/b(up) K"
............. [ | 0.8 ~ _
" /___ ________ e | o~ 140 MeV ECATL
VEL Poolo s == m T T fe ...l -1 - from ok 06l 0 ~ 40 Mev —~
I T — resolution
PV € 04-Missed y -
0.2 —
\ “[Brem
[JHE2%8(2017)055] T BT
S FLHCh - R m(Krel) [GeV/c?]
§ 50 :_ Bi—=K"Ily -giiltl?llation _: . o
< _ _
e, - - .
= 40 - . .
2 : Brem recovery 1is Wider fit range than muons:
QO 30__ —
I 1~ O(50%) efficient more background,
g -
g E o :
g 1OI I I I I 1 Well described in more sensitive to peaking structures,
T k
o | B B3 gimulation lineshapes are brem-dependent
LOE LOH LOI LOE LOH LOI LOE LOH LOI

O clusters 1 cluster > 2 clusters
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https://arxiv.org/abs/1705.05802

PID clestrons Challenges in LFU tests: electrons and PID
From RICH I (upstream) and RICH II

(downstream) detector

D from tracking

— 1
m cBy cosbo = —

Ring Radiu e ng

30 e ks 50 ]
. R Quagliani unofficial - " R Quagliani unofficial
RICH I (n=1.0014) . i RICH II (n=1.0005)
I e T — ] 40
60 - - i
] — 0y — K ] -
[ 30F
@40 S I
I 20
20 - !
- 10 =
1 1 1 L1 1 I 1 1 1 1 L1 1 1 : 1 1 1 1 L1 1 1 I 1 1 1 L1 1 I-
1 10 100 1 10 100
p [GeV/c] p |GeV/c
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Backup:

PID electrons

Challenges in LFU tests: electrons and PID

From RICH I (upstream) and RICH II

(downstream) detector

m = 5
CP7Y
Ring Radius™

D from tracking

1

80 e ——— A
L R Quagliani unofficial
RICH I (n=1.0014)
B e T — p _
60 L, — K
@ 40
20 -
1 1 1 1 L L1l I L1 1
1 10 100

p [GeV/c]

Renato Quagliani

o
o
o3

0.06

0.04

0.02

R Quagliani unofficial

RICH I (n=1.0005)

p |GeV/c

LHC Seminar, CERN

From ECAL

LHCDb

il

hadrons
electrons

1 | P B e

-+ DLL(e) =

Alog L (e — n)

ECAL,HCAL,RICH.MUON

| ¢+ ProbNNe—= Neural Net using tracking +

PID of each detectors: e/h separation from

-1, simple sub-detectors greatly improved.
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PID reoms LFU tests: muons and PID

From RICH I (upstream) and RICH II

(downstream) detector

_ from tracking

Muon Stations

R .
- % COS OC e — e ,
Ring Radius”™ np |

m

+ Excellent MuonlID and u/h already with

muon station coincidence

80 e o oz TR ] N R Quagliani unofficial o -
: e RICH T (n=1.0014) : _ ) RICH 1T (n=1.0005) E o

of ¢ —r —» 4 Y ¢ —r —r 71+ Negligible brem losses at LHCb
: 1 30F

@ 40 o [

i 20 F .

ol ; | 4+ Muon stations occupancy much
! 10 |- i

R N SN B R N lower than ECAL
1 10 100 1 10 100
p [GeV/c] p |GeV/c

Renato Quagliani LHC Seminar, CERN 62



Why b — s¢7¢~ decays?

Full theory V-A (EW penguin) dipole (e.m. penguin) scalar, pseudo-scalar
b * >15 . S bi(r) R bR(L) br(L) lrL
\ /
W L Og10 = O = y |00 =
B f-|—
SL(R) LR SL(R) SL(R) LR
v, Z°
) / _ - _
_ 09() — (SWMPL(R)b)(EfYMé) (1) my , y OS(/) — §PR(L)b€€
4 (/) - 7 O = —(SUWPR(L)[?)F“ () _ _
Oy = (S”YMPL(R)b)(M“%f) € Op SPr(1)b st
4Gy * Effective iescription Cou pllng h — 87y B — L b — st/
Her = G Vir Vi - > s
z‘ | cY / /
Effective coupling — : A+ 7
“Wilson-coefficient” |— Ioca operator
: : ong distance physics
short distance physics ( /)
3 cs /
Flavour-violating coupling Cﬁ)) v/ v/
AHnp = O; ()
c! /
(/)
c!’ /
Renato Quagliani LHC Seminar, CERN 3




Backup:

Anomalies

b — su*u~ differential decay rates

Bl CSR [attice —e—Data

ow S A LA A B I L L
> B*— K*utu -
9 LHCb -
ks .
X
“i -
- B
ﬁ =
(\l :
> E
S -
m : | | | |
< 9 5 10 15 20

¢ [GeV~</c?]

_8 [PRL 127 (2021) 151801]
i< 10
AR T T T | =
o 14F LHCb —+- LHCb 9fb_l
| . LHCb 3fb
> 12| ' SM (LCSR+Lattice)
<) ol SM (LCSR)
‘:’g. _ SM (Lattice) i
~— 8— =
N +¢ Thy Y(2S) :
6 -

= " ]: - -
S 4 BT | RS =
T S0 Tan s oy .
?n% 2 __ 1 __
E O': | C L
i 0 5 10 15

Renato Quagliani

Bl CSR [attice —e=Data - BN .CSR [Lattice —e—Data
= L L L L Q L L L L
— — = ES S

> B— K’utu~ > B"— K "utu -
@ LHCb § © 15 LHCb -
0 . 0 | | [JHEP_1406 (2014) 133] -
X - X
o0 - w 10} - N
= 5 +

— p—

) ")

~— C S

% oL v v vy by b1y Q [, _ L A

0 5 10 15 20 o T 15 20

P [GeVYcA] ¢ [GeVZ/c4)

+ SM predictions heavily affected by hadronic form factor
uncertainties o,;, ~ 0(20-30%)

+ dB/d¢ in exclusive b — su™u~ seems to undershoot SM

Anomaly or a common issue with form factors

from SM?

LHC Seminar, CERN 64


https://arxiv.org/abs/1403.8044
https://arxiv.org/abs/1403.8044

Backup:

Anomalics Flavor anomalies in b — sZ7¢~: angular b — sy u~

+ B— Vu"u~ : vector in final state has rich

kinematic structure — characterise NP

+ Described by 3 angles and g

d4f[BO—>K*O,u+,u_] _i

fi(€2)

I;(q°

dg? d©) 321 <

Wilson Coefficients Angular moments

+ Recent results (LHCb) ones:

> BO — K*O//t_l_//t_With 6fb_1 ( ~ 4600 evts . ) [PRL 125(2020)011802]
» BT S K*+//t+//t_ with 9 fb_1 ( ~ 700 evts ) [PRL 126(2021)161802]
. BS N ¢/’t+/’t_ with 9 fb_l( ~ 1900 evts ) [JHEP11(2021)043] O 2 4

b — suu

sraded qOHT ur s3g

+ Intriguing coherent and consistent pattern Vector coupling Cy

» However, charm-loops can mimic shift in C
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
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https://link.springer.com/article/10.1007/JHEP11(2021)043

Backup:
LFU tests

1.4

1.2

1.0

[

0.8

0.6 -

[ ] Standard Model :

= SM
E=== NP: ARe(CH)= -1
NP: ARe(CH) = — ARe(C) = -

NP:

P: ARe(Ch) = —ARe(C )= —

1
2
1

charmonium

' B T T T I
10 15
g% [GeV?/c?]

BSM scenarios

1.4

Ry

| | NP in muon vector coupling only

| | NP in muon vector and axial coupling, e.g. LQ
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1.2
1.0
0.8

0.6

= SM
E== NP: ARe(CH)= -1
NP: ARe(Ch) = — ARe(Cly) = -

P: ARe(Ch) = —ARe(C )= —

1
2
1

_charmonium

o) TCSONANCES s

8

' B R R T I
10 15
g% [GeV?/c?]

only lepton mass differences

Scenarios preferred

NP in muon left and right handed vector coupling
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Backup:

K"K~ double mis-ID in ‘control’ region

double misidentification

Renato Quagliani
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Backup:
double misidentification

Renato Quagliani

777~ double mis-ID in ‘control’ region
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Backup:

clectron misidentification PASS-fall method for electron misidentified backgrounds

' FailPass (FP FailFail (FF : :
PassFail (PF) (FP) L (FF) ) + Data with inverted PID cuts
4 BT 5 KTete™ 4 BT > Kte'e 4 BT - Kte'e
ﬂ\ ﬂ\ ﬂ\ is enhanced in misID content
> g >y

N(PF): N(Bt* - KTe™h™)+ N(BT - K h"h'")+ N(BT - KTeTe )+ N(BT = K" J/¢¥(— eTe™))
N(FP): N(B" - KTe h")+ N(BT™ - K h"h'"")+ N(BT - KTeTe )+ N(B™ - K" J/¢Y(— eTe))
N(FF): N(BT — Kth*th'™)

Residual signal contribution - subtract using simulation
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Backup:

clectron misidentification PASS-fall method for electron misidentified backgrounds

; FailPass (FP FailFail (FF : :
PassFail (PF) ( )+ ) (FF) ) + Data with inverted PID cuts
A Bt s Ktete A4 BT 5 Ktete 4 BT 5 Ktele

/\/\ ﬂ\ 1s enhanced in misID content
- > 24

PIDe

Trancfer Function + Transfer from fail to pass

(From n/K
calibration data

region evaluated in bins of p;

and 7

samples)

Shape + Prediction
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Backup:

electron misidentification ChOiCG Of fai]. I'egiOII

Pion calibration sample

100

Control

1 - F-' |

0.00 0.25 0.50 0.75 1.00
ProbNN(e)

+ Control region next to signal region

+ Choose available region (DLL(e) < 2 || ProbNNe < 0.2) while DLL (e)>O0.

+ Other choices for a systematic uncertainty
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Backup:

electron maisidentification Data fl].].].y SeleCted 111

“control’ regions (BT — KT eTe™
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Backup:

clectron misidentification 1Data fully selected in “control’ regions (B — K Ye*e™) [before weights]
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Backup:

electron misidentification Results using misidentified background at different PID

Tlght _' L L :' L :.' L |:I L L '_ L L :: L |.I L :' L * Tight
| | » 80% misID suppression
» 50-60% signal loss

Intermediate ——— - — + Intermediate

» 50% misID suppression
» 20-30% signal loss

Default - | % | ] | %

BOQOA(RH)[( lo(;v_q )10[%] 20 330 —2%(;{1}){* 1(;)W_q 1)0 [%]20 30
Tiechtr = +—— 4  —— . . .
- ; | ; Misidentified background
included in fit model
Intermediate I—":—l .
at tighter working point
- : _ ,: results are stable
etaultr e 4L o

-30 =20 —10 0 10 380  —-20 10 0 10 20 30

20
A(Ry central-g°) [%] A(Rjy+ central-¢?) [%)]
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Backup:

likelihood scans Likelihood scans (include all systematics)
I N Y S B T S S i
I LHCb LHCb
j 9 fh! 9 fh!
g ST Ry low-¢° R+ low-¢° |
0 L —— Data —— Data
= T lo lo
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Backup:
likelthood scans

LU observable

Likelihood scans (include all systematics) Run-Period split

RuUN 1

RUN 2P1

RUN 2P2

Ry low-¢?

Ry~ low-g?
Ry central-g?

Ry~ central-¢?

+ 0.243 4 0.092
1.027 —0.180 —0.073

+0.344 4+ 0.149
1.212 —0.240 - 0.114

+ 0.083 4+ 0.062
0.839 = 0.073 —0.056

+0.214+0.176
1.082 Z 165 ~ 0.148

+0.203 + 0.027
1.039 —0.149 — 0.027

+0.234 + 0.036
1.021 T 0.187 — 0.027

+0.082 + 0.023
0.929 = 0.073 — 0.020

+0.179 + 0.027
1.154 T 0.147 — 0.023

+0.123 + 0.029
0.993 —0.104 — 0.026

+ 0.108 4+ 0.036
0.825 © 0.091 —0.031

+ 0.066 + 0.024
1.001 = 0.061 — 0.022

+0.091 4 0.020
0.962 * 0.080 — 0.018
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2011 + 2012
3 fb~!

2015 + 2016
2 fb~!

2017 + 2018
4 fb~!

-2A(log(£))

-2A(log(£))

10
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Backup:

lakelithood scans EleCtI'OIl PID faCtOI‘isatiOﬂ
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Backup:
e calibration stability

Corrections and stability of rJIfyj
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Backup:

Corrections and stability of r

e calibration stability

/l/f
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Backup:

resonant mode fit Cross-check resonant modes: mass fits
L L L L L | — T Tt [ T T T T [ T
Partially reconstructed = — Bt s J + VK — Bt s J o\ KT Partially reconstructed
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Backup:

resonant mode fit Cross-check resonant modes: mass fits
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Backup:

partially reco in Ry Partially reconstructed background constraint

+ Control missing pion background from K Ye*e™ signal in Ktete™

+ K"#eTe™ in KTeve™ fit range using relative ¢ ratios and scaling factors
> (s+p-wave): mg,, € [792,992] directly from K ’e*e™ signal yields and relative &
> (p-wave): My - & [792,992] from breit-wigner tails and e(m(K*z7))
> (s-wave): Mg, £ [792,992] + my.,- < 1200MeV/c?: use F, |, and F,|.; from

and corrections for em(K z7))

> (all): myr— £ [792,992] + my.- > 1200MeV/c?*: linear extrapolation from known BF or use full

JHEP 11 (2016) 047

JHEP 04 (2017) 142

a,mpl]_tl]_de m()del from K_I_]Z'_J/W 1n Phys. Rev. Lett. 112, 222002 (2014)

and corrections for em(K z7))
» Iso-spin partner K*#9 obtained from all above corrected by & and isospin extrapolation factor for

7p+/Tpo and K* isospin factors and corrections for and corrections for e(m(K*z")) from simulation

+ mg,.. selection prevent and suppress > 2 missing particles from X e"e entering the mass fit window

+ Partially reconstructed background in K Ye*e™ free to float
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https://link.springer.com/article/10.1007/JHEP06(2014)133
https://link.springer.com/article/10.1007/JHEP04(2017)142
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.222002

