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Interest in b = s// transitions

- So far no beyond Standard Model (SM) physics (BSM) phenomena have been observed
- Indirect searches can probe higher energies — increasingly more interesting
- Rare decays: powerful tool for indirect searches

G. Karathanasis Introduction 4



Interest in b = s// transitions

- So far no beyond Standard Model (SM) physics (BSM) phenomena have been observed
- Indirect searches can probe higher energies = increasingly more interesting

- Rare decays: powerful tool for indirect searches

e b s/ transition in the SM: * Quantities affected by the BSM:

- Prohibited at tree level (FCNC)

- Via loop diagrams (eg penguin, box)

- Very rare - Weak signals in BSM might be
visible

b t S W
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Lepton flavour universality (LFU)
Branching ratios (BR)
Differential BR

Angular distributions




Describing b = s/f with Effective Theory

b - s // described in model

Full theory Effective theory independent effective theory
%1% b Q 5
’ | ’ Ci | o =25ty V*e—zz 0
eff — \/E th tslGJ‘L'Z - Ci i
e ¥
Wilson
Az coefficients

Limitations on SM predictions:
- BF measurements affected by:
-- form factors and c-c loops

P(25)

- Angular distributions affected by:
-- only c-c loops

Long distance _
contributions from cC

above open charm
threshold

- LFU ratios affected by:
-- neither form factors nor c-c loops

Prediction accuracy

Different g? = m(/,[)? - different C; probed
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R¢ definition

LFU test with minimal theoretical uncertainty via the B » yuK to B - eeK ratio, Rk:

BF (B> upK)
BF (BeeK)

R,=

To reduce experimental uncertainties - divide both numerator and denominator with BF(B —»
JIWK). Rx becomes:

B BF (B> puuK) | BF (B~eeK)
K BF(B>J/yK,J/y=uu) BF(B>J/YK,J Iy~ ee)
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B Physics anomalies

] CSR Lattice -e=Data

T T B ‘k;;ﬂ'“’_'j - Deviations of measurements
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https://arxiv.org/abs/1403.8044

B Physics anomalies

] .CSR Lattice -=Data i . u "o 2
o T T - Deviations of measurements Where we “stand” in Rq:
3 e d SM tations i L =
) LHCh - an expectations in B s
{  dBF/dg* =
® ] . H 1|:|eq <60 Gev et
o 5 -- Seen in several channels =
=, + E -- Hadronic form factors i Sonantce
= . have large uncertainties f
g : - From_ o~ T 220
® 10 E 20 .BSM effect or common ..mmw&ﬁ A

¢ [GeVcd] issue of SM expectation? ]

i —_ | 4 LHCh Ri  lowg® =099 :'.'.._-

— eSS - Furthermore several angular L s .
E e el ST T measurements show ~30 2 R ol = 1072
= LHCb 3 deviations from SM Sut—4- — T |
X : expectation oo
E | t  Data V=16 p=0812 ¢=10
— . . . — 5M
T - Intriguing pattern 06 From arXiv:2212.09153
?ﬁ ; | | ] E R low-q* Ry centralg® By I Ha wral-q
TS e s W . st

¢ [GeVc] Today. the 1st Rg

Plots from

result from CMS
using Run 2 data

JHEP 1406 133

G. Karathanasis Introduction


https://arxiv.org/abs/2212.09153
https://www.nature.com/articles/s41567-021-01478-8
https://arxiv.org/abs/1403.8044

The Large Hadron Collider

Large Hadron Collider
- Most powerful accelerator
- 27-kilometer ring
- Located in Switzerland & France
- 2 proton beams colliding at 13 TeV
- 4 Interaction points:
ATLAS, CMS, LHCb, Alice

LEP/LHC

Morth Area
|

CNGS

AD
L_E | b p(proton) P (antiproton)
. p ion - proton/antiproton
% _"—H"H \ P neutron p neutrino
i i East Area
neutrons. M \\ | P— Y
* © LINAC
ions ﬁh *.: 4

Linac

BOOSTER  'SOLDE lons
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The Compact Muon Solenoid s;:.if

Large Hadron Collider

- Most powerful accelerator

- 27-kilometer ring

- Located in Switzerland & France

- 2 proton beams colliding at 13 TeV

- 4 Interaction points: _
ATLAS, CMS, LHCb, Allce

LEP/LHC

| Nor'lth Area

CNGS

AD

= \ b piproton)  pP (antiproton)
a® 1 p ion proton/antiproton
% _ﬂ““-\x\ P neutron p neutrino
S EastArea
neutrons. M ' 1
~ i
A ToF -

LINAC ° —
ons

v
BOOSTER  'SOLDE lons
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Key:

Muon

Electron

Charged Hadron (e.g.Pion)

= = =« Neutral Hadron (2.g.Neutron)
---- Photon

Electramagnetic
'@]ll Calorimeter

Superconducting

Compact Muon Solenoid

- Located near Cessy

- Magnet generates 3.8 T

- General purpose experiment

- Detectors (from inside out):
Tracker, electromagnetic calorimeter,
hadronic calorimeter, muon chambers

More information in the TDR
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B (probe) ©~ B (tag)
PV

Event collection:

- Proposal: Use one b-hadron to trigger,
while the other decays freely

- BF(b -» pn) ~20%: large fraction in a very
clean object

- Use u-based paths to trigger

- This technique is known as Tag-and-Probe

- Tag = triggering B

G. Karathanasis

Back-of-the-envelop estimation:
N =fg * BF (B » eeK) * Rur * Pur *T

Where:
- N = Produced events
- BF (B =» eeK) ~ O(107)
- fs = B hadron type fraction (0.4)
- Rur = Trigger rate (~2 kHz)
- Pur = Trigger purity (~75%)
- T = HLT active time

Aim for N ~300 events
=>T=1.11x10° sec

To collect 300 eeK events ~ 10x10° B events
needed

B Parking 13



Implementation

Collisions (p - p) at

40 MHz

>

HLT Trigger

>

DAQ

- Saved in single copy
- Stored on tape
until computing
resources available
- Long delay in
reconstruction;
procedure known
as “Parking”

- Single-u L1 seeds

- n restricted, soft pr

- Purity in B decays
~30%

- Constant L1 rate

- L1 seeds as inputs
- Refined pr and dy
cut

Fill 7108 L1 trigger rate _::u blvhr: d-:nldllmv — - ::::l.umw Fill 7108 HLT rate ::'::::: g = :u*::::;""ﬂ
- )j.lﬂd : : : | ta aftar daadlime g §- ; : : | I k
Lo T g %sm&}% | | |HL|T | | I\\ - As luminosity decreases lower pr seeds
351 1 b
o« m]tgﬂ,& HEE L “"cwrwﬂt et . enabled
N YNNG i | M “f - Tune/optimize paths during data-taking
5015_ | 3 | : 1 . - H | NN ] -
LI S i OO 1 s O S 1 - Collected during 2018
L e e e : i § e :
20%111 L | mm}g; npo s = :
TER ik 5 B F i) L}y L FL 5
I~ I " £ i L | £ | 1 L1 1 [ 1
[15-_25 05:34 0744 09:53 12:03 14:12 1621 08;25 05:34 0744 0953 12:03 14412 1621
2018-08-31 03:25:32 10 2018-08-31 16:21:53 UTC Time 2018-08-31 03:25:32 to 2018-08-31 16:21:53 UTC Time
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Purity in B candidates

- D° built by combining tracks of opposite charges, that pass some selection More information in
- D* built by combining D° candidates with a soft track DP 19-043

- Measure Py, for the HLT _Mu9 IP6: u is required to pass this trigger

- Right Sign, RS: Q(u)=Q(m,) [Signal] ; Wrong Sign, WS: Q(u)=Q(m,) [BKG]

- Plotting M(K,m,m, )-M(K,m) creates a distinctive peak

CMS Preliminary

%2/ ndf 272.3/59
B po —6142 £+ 12.5
1400— p1 7.9620+04 + 1.1626+02
- p2  —2.536e+05 + 5.466e+02
1200— p3 1304 +19.9
B p4 0.145 + 0.000
1000:_ p5 0.001091 + 0.000014
- (N (b > U ))
800|— P, - = = P.=0.73
E " (N (p)) b
6005
400
200
- AR

|| i I I [
45 015 0.155 0.16 _ 0.165
M(Km) - M(K.7)
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https://cds.cern.ch/record/2704495?ln=en

Usage of B Parking sample

- B Parking sample: powerful tool used in many

analysis

- Single displaced muon trigger: used in Exotic
and B physics with muon(s) in final state

- “probe B” used for non-triggered decays
(like B - eeK)

CMS Preliminary

2018 (13 TeV)

10’

10°

Events / GeV

10°

10*

10°

102

10

_IHIJ|T|] I\IH|T|'| IIIIIIII| I\III|'|T| IHIIH!l T

0.7 08 09 1
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1 10 102

u*u’invariant mass [GeV]

B Parking

- In Rk analysis both B - puK and
B - ee K needed

- B - puK comes from the “tag B” to
improve statistics

- B - eeK from the “probe B”

62 K K

el >

B (probe) ©~ B (tag)
PV

16
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Analysis overview 2

Lepton Kaon candidates
candidates are are formed
formed (tracks)

A practical problem: Running on 10%° events requires a lot of storage,
time and computing power

Triplet . )
candidates are Analysis framework strategies:

FI— 1) Apply preselection cuts as early as possible in the chain
2) Move time consuming processes at the end
3) Modify the precision of ntuple variables to reduce size

Kinematic fit is
performed

Preselection cuts:

Preselection - Optimized using using adaptive grid search (back up)

cuts on the

. Selection:
triplet

- Based on Boosted Decision Trees (BDT) with XGBoost

Save here to nanoAOD

Fits:

Analysis BDT - i ikeli ' i ]
nalysis - All mass fits are unbinned max likelihood fits, using RooFit

Triplet mass m(B) fit in

different g2 range

G. Karathanasis Main analysis
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https://xgboost.readthedocs.io/en/stable/
https://root.cern/manual/roofit/

Reconstructing B candidates

All events are collected by the single p parking triggers

Step 1: Find the triggering Step 2: Select p close in zto  Step 3: Select tracks close to
muon triggering p — dilepton dilepton; assign m(K) and
candidates with m<5GeV kinematicaly fit to built B
candidates

- Events can have more than 1 candidate

G. Karathanasis Main analysis 19



BDT optimization strategies

‘side | signal region | gjde |
band - band

- Main selection based on BDT
-- 8-fold cross validation structure
-- Data sidebands as background

-- Simulated (MC) B - puK as signal ‘ ‘ ‘ ‘
490 5.07 5.49 5.65 m(B)
- Optimizatio_n ﬁ_“’“Ztr,a;S*
-- Input variables * N =
-- Configuration options (hyperparameters) NI $
-- Tested for “mass sculpting” . —
8 trials =

-- Working point defined as the value that
Maximizes the S/| (S+B) of the signal

Working  BDT
point

Hyperparameters
Same techniques/methods but different BDTs for ~ 2PHmMization

MUK and eeK states

20
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Selection of B - puK candidates

Object selection:
- Muons: Medium ID, pr(ul) > 9 GeV, pr(u2) > 2 GeV and |n|<2.4
- Tracks: “High purity” ID, pr> 1 GeV and |n|<2.4

BDT variables BDT discriminant for B - ppK
min AR(u,K*) COS A3 _ _ CMS Ppreliminary 33.6fb™' (13 TeV)
! =2 L
C j0'E
min Az(u, K™ . -
(1 ) p(BT vix) -
Loy /0y 1072 =
Iso(ty..q o -
(F Iead)]' PT(B J| 1045_
gﬁ/ pr(K™) 04l — Signal
Only on B = puK =
BDT Common in B -» - — Background
eeKandB—)IJ.HK FARTH AN I 1N O T T T N S H  S ST A SO M A S WA MO N
BDTs -0 -8 -6 4 -2 0 2 4 6 8 10

BDT score
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Low pr electrons ;ii_\

More information in
DP 19-043

Motivation:

g th Low pr €:
- M‘fzt ge%ro uce € wi - Tracker seeded
) F():Tannot be reconstructed - e candidates identified MVA
with the “standard” me_th(_)ds -
algo (particle flow, PF) - Gain in efficiency for pr(e)<b GeV
imulation Preliminar TeV
CMS simulation Preliminary (13 TeV) tcreatefd ?‘ an §"°CMSS iaton Frefminry R
S [T T T T e of electron Y ;
© i — Lepton (leading p.) ] txp “| »” LP Yo H+ ? t % *
0'1__ — Lepton (sub-leading pT) __ e OW pT ( ) 07 +¢ ++
— Kaon e
i —p 06 . .
05 4
i -
0.05 n 04 1
i sl
0.2 == 4 Low-pr GSF tracks (Seeding WP)
- | 04 -+ Low-pt GSF electrons (Seeding WP)
ST P P D g ] # PF electrons
% 1 2 3 4 5 6 7 8 9 10 ¢ 1 3 3 4 5 & 7 & 3§ 1o
pgen [GeV] %" [GeV]
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https://cds.cern.ch/record/2704495?ln=en

Selection of B - eeK candidates

Object selection: ) CMS Prefiminary 4161 (13 TeV)
- Electrons: Candidates with two PF electrons « 107 B - eeK (PF-PF)
(PF - PF) or one PF and one LP (PF - LP)

- Tracks: Same as in B = ppuK case 102

2 BDTs trained: / 08
one for PF - PF candidates

B*—> K'ete’

and one for PF - LP candidates o — Signal
. [I[ . ——Background |
0 -5 0 5 10
Variables exclusive to B - eeK BDT BDT score
PT(C'I,?_}mK*e o ID(e; ») L CMS Preliminary 41.6 1™ (13 TeV)
g 107 B - eeK (PF-LP)
1 A r
A(ey 2, K) rmoaler/e2/K7) :
10’2;—
|dap(K™,e7e™ )[/a1y, k+,ete) -
AR(e*,e ) 10°F
AR(e;,, K7) . B'— K'e'e
p{e*e_zjxr —lp{K*:] xr| \ i — Signal
plete palriEr 10 3 , . — Background |
0 5 0 5 10
BDT score
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Background composition

The backgrounds are divided in two categories based on the type:
- Partial B: Candidates from partial reconstruction of B meson decays with many tracks

- Combinatorial: Candidates created with 1 or more objects from pile up/other B

Partial B:

- Dominated by
B-oupK*

- Lower mass than m(B)

G. Karathanasis

ntries / 0.03 GeV

(Data-Fit)

Example using B* - ppK=

CMS Preliminary

33.6 b (13 TeV)

- 7 €[1.1,6.0] GeV?
| Signal: 1267 55

— Total fit
------ B*— ppk*
Other B & Comb.

%}TIT{' %TT}TTIIL;T% TT%ITI}

- thet f% RS R +++T Lel

5 5.1 5.2 5.3 5.4 5.5 5.6
m(upK) [GeV]

Main analysis

Combinatorial:

- Only background
In signal region

- Dominates the high
mass sideband

- Studied using B
candidates with same
sign leptons

24



B —» pupX mass fits

Functions used for each fit component per decay

B* - puK* B:  J/YK* B - Y(2S)K*
Signal DSCB + Gaussian Sum of 3 Gaussians DSCB + Gaussian
Comb & other B Exponential Exponential Exponential
B: - K*0=X DSCB DSCB + Exponential DSCB + Exponential
B - m* X DSCB DSCB DSCB

Where X=J/y, Y(2S), pu DSCB = Double-Sided Crystal Ball

CMS Preliminary 33.6 b (13 TeV) x10* CMS Preliminary 33.6fb" (13 TeV) %10% CMS Preliminary 33.6 b (13 TeV)
2 300 — Totalf > 0F — Total fit 3 - i
3 FepisoGev:  YLL T ;03' ELK o) 0 o <[8.4,10.24) Gev  f% Bo_a)J;WK S s [ o €[12.6,14.4] GeV* . ggtjl :,,n(23) K*
8 [ Signal: 1267 +55 Other B & Comb. E [ Signal: 727985 +1073 Other B & (?omb. g [ Signal: 68293 +495 Other B & Comb.
S 200— 0N B s uuK™* o 30 Y . T B JiyK' ¥ s 6~ ft X . BY_; y(2s) K"
; L B*— pun* ; r B'>Jiyn* ; = B*> y(2S) ot
g - —4— Data g 50 = —$ Data g 4 ; —§ Data
S 100 < B + + T r + +
L L0 B e~ + B * +
b B* - J/yK oL B* - w(2S)K
_ T F ~ b s #
[ ek o | b ) - APTECL LUt ssiersiin
= 2 % = E = N %
i = ir|l g 2 iC| & 2
g2 _q + + } 5'35 ok gg o0kt %H #;%# % H+%%% %%+%+%§T H% . H # T%T
Sp 33 ¢ } St S bt IREI BUENUIE -
-3 - 8 . ‘ ‘ . . . . ‘ ; ‘
5 5.1 5.2 53 54 . S5 5.6 5 5.1 5.2 5.3 5.4 55 5.6 5 5.1 5.2 53 54 55 5.6
m(u*pK) [GeV] m(upK) [GeV] m(upK) [GeV]
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B - eeX mass fits (PF - PF)

Functions used for each fit component for 2 PF electron channels

B* - eeK* Bt - J/IPK* B - P(2S)K*
Signal DSCB CB + Gaussian CB + Gaussian
Combinatorial/Other B Exponential / - Exponential / KDE Exponential / KDE
Bt - K*0=X - KDE template KDE template
B - m* X - CB -
B: - J/PK* KDE template - -
Where X=J/y, Y(2S), ee KDE = Kernel Density Estimator, CB = Crystal Ball, DSCB = Double-Sided Crystal Ball
> CMS Preliminary 2018 (13 TeV) - CMS Preliminary 2018 (13 TeV) - CMS Preliminary 2018 (13 TeV)
8 qu [1.1,6.0] GeV? — Total fit 8 500 2 e [8.4,10.24] GeV? ::B;gflgi/tw K | 8 50 S—qze[12.6,14.4] GeV? + T_,_Ei"j'ﬂizs) Kt
I e B> Kre'e .=«. Combinatori E ' X
é 15 signal: 18 17 Combm:t;al % 400 -Sinal:dgs784 g?hj; /B‘:‘ T;Oa § 40 [~Signal: 320 £20 % 8?&?‘@“"”&{
- LN t N + Z BN = g = t R B’~ y(28) K
g ol P ek JF Lo | g e L W -
£ e £ 200 £ 20
LLl 5 L .." L 4
r 100 10
S S St R y . T - T&g
— SE — E 3F
Tl 2F } Ele 2gt e b J.{'J.wL REORR PR = 1 2 H l
g2 1F, { Lo % (L ' CL gl OF i R L A L AP B |- g%‘%,ul} Hl lﬂll,lll%u}ll + % LR
sl e | ++‘T t T‘; J 4‘ l I.J' : SMLE | ‘ | | gm_ggimﬂ T T TTH{HJ T
4.8 5 5.2 5.4 5.6 4.8 5 5.2 5.4 5.6 T a8 5 5D 54 56
m(K*e*e) [GeV] m(K'e*e) [GeV] m(K*e*e) [GeV]
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B —» eeX mass fits (PF - LP)

Functions used for each fit component for PF - LP electron channels

B* - eeK* Bt - J/IPK* B - P(2S)K*
Signal DSCB CB + Gaussian CB + Gaussian
Combinatorial/Other B Exponential / - Exponential / KDE Exponential / KDE
Bt - K*0=X - KDE template KDE template
B - m* X - CB -
B: - J/PK* KDE template - -
Where X=J/y, Y(2S), ee KDE = Kernel Density Estimator, CB = Crystal Ball, DSCB = Double-Sided Crystal Ball
CMS Preliminary 2018 (13 TeV) _ CMS Preliminary 2018 (13 TeV) _ CMS Preliminary 2018 (13 TeV)
> 10 — Total it g F, , — Totalfit ® F ) — Totalfit
0] P e [+.1,6.0]|GeV? O oopa®e(84,10.24] GeV?  #FR .. B JAy K O popfa’cB41024]GeV" R . B> Jiy K
0 A A B*fLs K e'e ol o -+« Combinatorial o £ -+== Combinatorial
©  8[ySidnal: 316 <.+ Combinatorial 8 [ Signal: 2098 +58 : ggheD/B o g [ Signal: 2098 £58 L gf}her/B 0
SEN:) epK* o | S 1800 Bt o YK el | S O Bt o W(2S)KE ey
] n = EES n* C & = Jy
2 - Data 2 4ot b | L 4oo 1 3 &+ Daa
E 4'- —— E E
L = TFr— .
> :_ e . e 50 50
B Ceebe oo M ..’_-”:\""T{}T"-.. | """I: .............. ‘i"-"""':'- -------- L | S 1 it N |
i ok AT w L) Tt L
5|5 1E 5|5 g8 RISEEE LR AN EP K R ISEINL
Tl El 1 I l I ‘ l . | wslE r* I l} ; rllr+ + %Ilrll%} SREELARASEI < 0 1 ! {s10 Yioideltll O = RSN
S gt T T T SR SER T MR pree o v T TR AT
4.8 5 5.2 54 56 4.8 5 5.2 5.4 5.6 48 5 e 54 56
m(Ktete) [GeV] m(K*e*e)) [GeV] m(K'e*e) [GeV]
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B — uuK mass fits in g2 bins

- Additional analysis scope: measure the dBF/dqg?
- Use the same selection and code and instead for a single fit, do a simultaneous fit in g2 bins
- Result to be compared with several theoretical predictions

Bin g” range [GeV]

1 0-0.98

2 1.1-2.0

3 2.0-3.0

4 3.04.0

5 4.0-5.0

6 5.0-6.0

7 6.0-7.0

8 7.0-8.0

9 11.0-11.8
10 11.8-12.5
11 14.82-16.0
12 16.0-17.0
13 17.0-18.0
14 18.0-19.24
15 19.24-229

G. Karathanasis Main analysis 28



B —» upK mass fits in g2 bins

Bin g” range [GeV]

1 0-0.98
2 1.1-2.0
3 2.0-3.0
4 3.0-4.0
0 4.0-5.0
6 2.0-6.0
7 6.0-7.0
8 7.0-8.0
9 11.0-11.8
10 11.6-12.5
11 14.82-16.0
12 16.0-17.0
13 17.0-18.0
14 168.0-19.24
15 19.24-229

G. Karathanasis

Entries / 0.03 GeV

(Data-Fit)

80

60

CMS Preliminary

33.6fb" (13 TeV)

[ ?<[0,0.98] GeV?
| Signal: 260 +19

—— Total fit

4 55 5.6

m(u'nK) [GeV]

Entries / 0.03 GeV

(Data-Fit)

CMS Preliminary

Entries / 0.03 GeV

(Data-Fit)
Errorg,

60

40

20

[= Y \b R )

11
N

CMS Preliminary

33.6 b (13 TeV)

| Re[1.1,2.0] Gev?
| Signal: 197 +18

—— Total fit

Other B & Comb.
B* - puunt

i L Lol 4ol T%TI;lTTT%l
R e
5 51 5.2 53 5.4 55 5.6

33.6fb" (13 TeV)

80—
L % <[2.0,3.0] GeV?

60 | signal: 300+21

—— Total fit

Main analysis

5.4 55 56
m(u*u'K) [GeV]

m(uwwK) [GeV]
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B - puK mass fits in g2 bins

Bin g* range [GeV]

1 0-0.98

2 1.1-2.0

3 2.0-3.0

4 3.04.0

5 4.0-5.0

6 5.0-6.0

7 6.0-7.0

8 7.0-8.0

9 11.0-11.8
10 11.8-12.5
11 14.82-16.0
12 16.0-17.0
13 17.0-18.0
14 18.0-19.24
15 19.24-22.9

G. Karathanasis

_ CMS Preliminary 33.6fb" (13 TeV)
?J B 4 V2 — Total fit
(0] 6ol fe[3.04.0]Gev: L B s puk*
8_ | Signal: 261+21 Other B & Comb.
o
& 40 A
o
E o
L 20 ..'
= . 2F
Egﬁ“OaHL Ll; ' %mﬂlll{'l 111”
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B —» puK mass fits in g2 bins

Bin g* range [GeV]

1 0-0.98
2 1.1-2.0
3 2.0-3.0
4 3.0-4.0
. 4.0-5.0
6 2.0-6.0
7 6.0=7.0
8 7.0-8.0
9 11.0-11.8
10 11.8-12.5
11 14.82-16.0
12 16.0-17.0
13 17.0-18.0
14 18.0-19.24
15 19.24-22.9

. Karathanasis
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B - puK mass fits in g2 bins
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Systematic uncertainties and corrections

- Corrections on MC to account for known disagreements with data:
-- Trigger response, lepton reconstruction/identification, B pr spectrum, BDT response

- Systematics are treated as independent between the muon and electron part of Rk
- The total uncertainty of Rk is dominated by the statistical part of electron channels

Uncertainties on the muon part Uncertainties on the electron part

Source Impact on the R(K) ratio [%)] Source Impact on the R(K) ratio [%]
Background description, low—q2 bin 1.75 PE-PE PE-LP
Trigger turn-on 1.30 Signal and background description 5 5
Reweighting in p; and rapidity 0.86 ]/ event leakage to the low-4* bin 4 9
Background description, ]/ CR 0.64 BDT efficiency stability 2 5
J/¢ meson radiative tail description 0.48 BDT cross validation 2 3
Pileup 0.38 Trigger efficiency 1 4
Signal shape description 0.32 BDT data/simulation difference 1 2
Trigger efficiency 0.16 J/¢ meson radiative tail description 1 1
J/¢ resonance shape description 0.08 Total systematic uncertainty 7 13
Nonresonant contribution to the J/j CR 0.07 Statistical and total int m 500
Total systematic uncertaint 25 ansTica’ and fola’ uncerlamly

y b4
Statistical uncertainty in MC samples 1.7
Statistical uncertainty .0
Total uncertainty 8.1
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Systematic uncertainties and corrections

- Corrections on MC to account for known disagreements with data:
-- Trigger response, lepton reconstruction/identification, B pt spectrum, BDT response

- Systematics are treated as independent between the muon and electron part of Rk
- The total uncertainty of Rx is dominated by the statistical part of electron channels

l - - = - - =
= CMS Pre.f,'mmary 33.6 fb_1(13 TeV)
Source ) 20 Total
Backg ) 3, - —s— Tota
el - Same uncertainty sources . [ ¥ Statistical
Higias-- . . . -8- | —A— MC Statistical
Reweighi considered for the single-bin muon & 15 = Systematic
J%fkgmu measurement, are evaluated in each ° I —
meso 2 . = L
Signal sh 5 PLF N
]T/fzbggﬂe - In all bins: total uncertainty is > ¥ v Yy ST
reson . « L -
Nenresor  dOMinated by the statistical 5|
Total syst Component .
Statistica e X e U S i w—
fatatio O é — '1‘0‘ - '1|5‘ — '2|0‘ - '2|5

Total unc

o [GeV?]
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Results
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BF(B—ppuK) and Rk in the low g2

BF(B— ppK) in full low-g? range (1.1 < g? < 6.0 GeV?):

BF (B: » Kqu*p) , 1.1 < 2 < 6.0 GeV?
= (1.242 = 0.054 (stat) =+ 0.011 (MC stat) + 0.040 (syst)) x 10~

Can be compared with the predictions of theoretical packages

Package EOS Flavio HEP fit Superlso
Prediction [x107] 1.89 +0.13 1.71 +£0.27 1.98 +0.73 1.65 +0.34
_ CMS Preliminary 2018 (13 TeV)
2.4
322 ——saay Central value and confidence range by minimizing the
5, Stel. +Syst. Likelihood fit function of Rg*:

—— SM pred.

()

1.6

Pri

Rk = 0.78%535 (stat) o5 (syst)

Precision dominated by the low stats of B —» eeK

-
I~
NN AR AR AR RARR AR LARNRRRNRRARE
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Measurement of differential BF(B = puK)

- For differential BR measurement, a fit is performed in all g2 bins at the same time
- Compare measurement with the theoretical predictions in each g2 bin

Measurement of dBR/dqg? and
comparison with theory

<102 CMS Preliminary 33.6 fo'(13 TeV)
(}'I_| HEPFIT
> SUPERISO
(CIDJ 60 FLAVIO
e EOS
o —— Data
O
o
8 a0
Aot
20 + + ++ +
++
—
0 | | [ TR I |
0 5 10 15 20 25
9 [GeV?]
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A look Iinto the (near) future

- Lessons learned from Run 2:
-- Muon channel: high statistics — comparable precision to world average
-- Electron channel: low statistics — “penalty” for using the “probe B”

- In Run 3 we improved the strategy:
-- Two parking samples used (one for muons/ one for electrons)
-- Refined electron quality for HLT
-- Expecting large increase in statistics
-- Analysis on-going
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Summary

- CMS pursuing a very ambitious B Physics program

- First Rk result using 2018 data proves the robustness and adaptability of the CMS detector,
trigger and software

-- We improved triggering strategy in Run 3
-- Expecting large increase in statistics of B » eeK

Public analysis summary is posted here: BPH 22-005

Stay tuned for more!



https://cds.cern.ch/record/2868987
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Preselection 2

Adaptive grid search: Stepl: Generate points Step2: use previous result
- Every variable is a dimension to skip useless points
- Scan variables (grid points) O O "YeReE X NoNeher
- Take into account previous searches before O O "YeleleX NeleX Yo

generating a point o
- Find optimal, according to some metric(s) @ 0O 0O O — :: g : 2 g 8 88
- Computing resources reduced by ~75% wrt to = 88 o O 8 00000 00
standard grid search oo 000060 800
Varl O Generated now
@ Previous generation
® Excluded
Preselection for ppuK: Preselection for eeK:
- pr(B) > 3 GeV - Az(trg y, track/e) < 1.0 cm
- Az(trg y, track/u2) < 1.0 cm - pr(e2) > 1.0 GeV
- pr(track) > 1 GeV - cos (a) > 0.95
- ny/O > 1 - Prob > 10
- cos (a) > 0.90 -m(K,e) > 2 GeV [ anti-D° ]
- Prob > 10° - d3¢ < 0.06
-m(K,u) > 2 GeV [ anti-D° ] -ID (el) > -2
-ID (e2) >0
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candidates are

B candidate reconstruction

Lepton Kaon candidates
are formed
(tracks)

formed

Triplet
candidates are
formed

Kinematic fit is
performed

Preselection
cuts on the

triplet
Save here to nanoAOD

Analysis BDT

Triplet mass m(B) fit in

different g2 range

G. Karathanasis

A practical problem: Running on 10%° events needs a lot of storage, time
and computing power

Code strategies:
1) Apply cuts as quickly as possible in every step of the reconstruction
2) Move time consuming processes to the end of the chain

Algorithm:
- Select leptons of opposite signh and create the common vertex
- Combine with a track (Kaon mass assigned)
- Kinematic Fit to a common vertex

Preselection:
- Adaptive grid search approach used
- Cut values are different for ypK and eeK

Preselection for puuK: /

- pr(B) > 3 GeV
- Az(trg u, track/p2) < 1.0 cm
- pr(track) > 1 GeV

Ca Preselection for eeK:
- Az(trg p, track/e) < 1.0 cm
- pr(e2) > 1.0 GeV
- cos (a) > 0.95

-Ly/o>1 - Prob > 10~
- cos (a) > 0.90 -m(K,e) > 2 GeV [ anti-D° ]
- Prob > 10- - dsg < 0.06
-m(K,u) > 2 GeV [ anti-D° ] -ID (el) > -2
-ID (e2) >0
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Bin g° range [GeV]

G. Karathanasis

Branching fraction [10~7]

o =T eSS ) [NV S % T N T

W

10
11
12
13
14
15

0-0.98
1.1-2.0
2.0-3.0
3.04.0
4.0-5.0
5.0-6.0
6.0-7.0
7.0-8.0

11.0-11.8
11.8-12.5
14.82-16.0
16.0-17.0
17.0-18.0
18.0-19.24
19.24-22 9

298 £0.25
215+0.22
3.07 £0.25
254 +0.23
248 4+0.24
253+£0.26
251+0.23
2354+0.25
2.03+0.22
1.80 £0.19
1.55+0.14
1.58 £0.15
2114016
1.40 £0.12
0.53 £0.07

Selection
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The Compact Muon Solenoi

d detector

More Key: Mu:: Iy 2m Im am 5m &m
. . Electro
Informatl On s s MeutralHadron (eg. ~
in the TDR il
i

Tracker: ECAL: HCAL: Magnet: Muon:

- Pixels in the core - Homogeneous - Heterogeneous - Central device - Position exploits

- Silicon strips calorimiter calorimiter - Large solenoid the penetration of

around
-In 2017 an extra
inner layer added
- Total 14(15) layers
in Barrel(endcaps)
- Reconstructs the
trajectory of
charged particles

- Lead tungstate
(PbWO) scintillator

- 61,200 crystals in
barrel

- 1,700 crystals in
endcap

- Measures the
energy of e and y

- Interleaved heavy
material with
scintillator layers

- Measures the
energy of hadrons

- Indirect
measurement of
non-interacting

magnet
- Field up to 4T
- Bends charged
particles to
measure their
momentum

muons

- Very clean
signatures

- Gaseous detectors
of three types

- Drift tubes (barrel),
CSC (endcap),
RPC

- Excellent - Very good energy particles (like v) (barrel+endcap)
measurement of resolution
position

G. Karathanasis

Introduction
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https://inspirehep.net/literature/1614070

BDT leplepK common variables

COS f3p Cosine of the angle between the momentum
vector of the B™ candidate and the vector con-

necting the PV and SV

p(B* vtx) Probability of the SV kinematic fit

Ly /Oy Significance of the SV displacement in the
transverse plane with respect to the PV

pr(BT) Transverse momentum of the B™ candidate; in

the electron channel it is divided by my+ + .-
pr(K™) Transverse momentum of the K™ candidate; in

the electron channel it is divided by Mg+ ot o
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BDT upK exclusive variables

min AR(j,K™) AR = ./(Ay)?+ (A¢p)? distance between the
K™ candidate and the closest muon
min Az (p, K™) Az distance between the points of origin of the

K™ candidate and the closest muon along the
beam axis direction

[SO( Mypaq) PF isolation for the p-leading muon, defined
as a scalar pr sum all PF candidates, excluding
the muon itself, within AR < 0.4 of the muon
and corrected for PU
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BDT eeK exclusive variables

prieg )M+ +o- Transverse momenta of the two electron candi-
dates, divided by the invariant mass of the B™
candidate

Az(ey,,K™) Longitudinal distance between the points of
origin of each electron and the kaon

|d3D(K+fE*E_H’I{TJ_.,JD{K‘“,E‘“E_L Kaon 3D impact parameter significance with
respect to the dielectron vertex

AR(e*,e™) AR between the two electrons

AR(ey,, K¥) AR between each electron and the kaon

pleTe  )xr|—|p(KT ) xr|
plete Jxr|+|p(KT)xr

Asymmetry of the momentum of the dielectron
system and that of the K™ momentum with re-
spect to the B™ candidate trajectory, where r is
a unit vector connecting the PV and SV

[D(e; ) Electron ID BDT score for each of the two elec-
frons
I .(eg /e, /KT) Relative track-based isolation of e, e,, and K*

candidates, respectively, defined as a scalar py
sum of all additional tracks in a AR < 0.4 cone
around the candidate, divided by the candi-
date’s py
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