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Content to be delivered

1. Current status of CMS

2. Anomaly and precision of CMS B-physics in the context of larger aspect of
physics

3. Analysis :

> Spectroscopy
n— ptpu~pTp~ - Phys. Rev. Lett. 131 (2023) 091903 : (NEW)
BY — ptu~ properties - Phys. Lett. B 842 (2023) 137955

P> Lepton flavor violation
T — 3p - arXiv:2312.02371[hep-ex] : (NEW)
R(J/4) : B — J/¢p1T v - CMS-PAS-BPH-22-012 : (NEW)
R(K) : BY — K*¢t¢~ - CMS-PAS-BPH-22-005 : (NEW)
> Studies of discrete symmetries
¢s 1 BY — J/1$(1020) - Phys. Lett. B 816 (2021) 136188
Afg, Fi : BT — K**ptp= - JHEP 04 (2021) 124

4. Summary and take away lesson
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091903
https://www.sciencedirect.com/science/article/pii/S0370269323002897?via%3Dihub
https://arxiv.org/pdf/2312.02371.pdf
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-005/index.html
https://www.sciencedirect.com/science/article/pii/S0370269321001283?via%3Dihub
https://link.springer.com/article/10.1007/JHEP04(2021)124

Current status of CMS and B-Physics

We had Ljp, = pp:29.89fb~ % in
2023

Total Ly, = pp : 245.54fb 1

Flagship analysis : CP asymmetry,
LFV, rare B decays (Bg — pp)

For more challenging aspects :
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FORWARD CALORIMETER

In this talk:
Doubly Dalitz decay, flavor changing neutral current
> n o ptpT T, B2 = ptuT

Accidental symmetry : LFUV : BABAR,Belle,Belle-1l, LHCb
combined departure in R(D*) ~ 3.30 wrt SM

> =3y, B = J/prTu,, BE o kEete
Matter-antimatter asymmetry : CP asymmetry

> BY — J/4$(1020), BY — K*Fptpu—


https://twiki.cern.ch/twiki/bin/view/CMSPublic/LumiPublicResults

» Spectroscopy

n— ptu~puTpT - Phys. Rev. Lett. 131 (2023) 091903 : NEW
BY — ptu~ properties - Phys. Lett. B 842 (2023) 137955
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.091903
https://www.sciencedirect.com/science/article/pii/S0370269323002897?via%3Dihub
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» Double Dalitz decay of 7 is the
precision test of SM and sensitive
to the BSM

N, =496 £8.1

Candidates 1 7MeV
B85 38

» ~ — 7 interaction contributes to
the hadronic LBL component of

p
» pp collision data : 101 fb—1

Pul

SR ILER IS
1P st

5 ST T T o s
» 1 — 4p mass window : 0.53-0.57

GeV, normalization channel

n—2u First measurement of the rare doubly Dalitz decay of n — 4pn
101 fb™ (13 TeV)
3 T T T T (\ ) Bap _ Nay,
[ CMS 0.53< m,, <057 GeV _ =
8 . B2y, . Al
Z t Data . NI A
é N - 44 MC (B = 5.0x10°) ij "V2p Aij
3 + Background from sideband 20
5 —— sum s+B
40

i,j : bin numbers , 32 bins in p in the range of 7 — 70 GeV

@
8
ARRRRRRENT

B(n — 4u) = [5.0 + 0.8(stat) + 0.7(syst) £ 0.7(B2,)] x 10~°

70
Py [Gev]
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BY — ptp~

1. Data: /s = (2016 — 2018)13 TeV.
2. Integrated luminosity : Lin, = 140fb~1

CMS Expériment at the LHC, GERN
Data regorded: 2016-May-81 07:08:48:668672 GMT
Run / Event / S: 274250 / 379362289 / 189

0 +,— ;
By — B eye_nt d.lsplay
two - p's are originating from
the decay vertex

1. Normalization and control channel : BT — J/¢K*, BS — J/Ye

2. Background : Combinatorial, rare B decays with two muons : B — hup, h € (7, K, p), rare B
decays with two hadron : B — h’h’
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BY =yt~

Ouxio’9 CMS 140 fb* (13 TeV)
0.5F 50
o 04f Fodo
1. HLT : Di-p: 4.8(45)<m 4 _ <6.0 - "
GeV Run-I(Run-11) 1 0.3f
2. dea < 0.5cm, P(x2/dof) > 0.5% %ozf
0.1
£ Li,x10®
o 7
Branching fraction :
"
Ns f, B f,
BB = ptpT) = — Lt et s gk B/ - pTuT) B2
Nfl“ fs €tot fu

Result :
0 - 0.38 0.19 0.14 —9
B(B] — pu7) = [3.835G 55 (stat) 2 5% 6 (syst) 2 5y 3 (£/£)] X 10
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BY =yt~

PDF for lifetime determination (2DUML):

P(m,+,— > tiot) = NeigPaig(m 4 — ) Tsig(t: ot)esig(t)
+ Npeak Ppeak(m;ﬁ’uf )Tpeak(t; at)epeak(t)
+ NsemiPsemi(m,, + ,— ) Tsemi(t: ot ) €semi(t)

+ Neomb Peomb (M, + ,— ) Teomb (i o't)

Determined lifetime value
T

+0.23 0.04
wtru— = [1.8315 30 (stat)g gg (syst)lps

A complimentary 1IDUML is performed using sWeight toward
unfolding the Tt p— which is consistent with the 2DUML.

Entries / 0.05 GeV

- Peaking bkg

0875 5152 53 54 55 5.6 5.7 5.5 5.

My~ [GeV]

140 fb” (13 Tev)
AL
1l PDF

~
mileptonic bkg

©

6 8
Decay time [ps]

140 b (13 TeV)
T T
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» Lepton flavour violation
T — 3p - CMS-PAS-BPH-22-012 : NEW
R(J/%) : Bf = J/¢p7H vy - CMS-PAS-BPH-22-012 : NEW
R(K) : BY¥ — K*¢t¢— - CMS-PAS-BPH-22-005 : NEW
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https://cms-results.web.cern.ch/cms-results/public-results/publications/BPH-21-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-012/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-22-005/index.html

Lepton flavour universality violation

1. Origin of the deviation : indicates violation
of the Lepton flavor universality, a symmetry

BaBar 2012, had. t i i
O 2058 1 a0u00 —_— in the gauge sector and an accidental
Belle 2015, had, tzg near-symmetry of the Yukawa sector of the
0.375 + 0.064 + 0.02¢ e d d d I b h. h ” I I
Bale 2019, 9. t standard model by which all leptons couple
0.807 0,057 0016 * with the same strength
69432585 + 0066 —
Average 2. Bf = J/prtus, BE 5 KEetem : the
0357 £0029 —+—1 .
HELAV Sl Average . unknown. QCD corrections enters t.hrough
ERES;:%M the matrix elements of the decays in terms
6o 2660 of the form factors (QCD review , PDG)
PRD 95 (2017) 115008 ) i
?1'-12?;13332017 060 3. Lattice, Lepto-quarks model in the
Pt e - non-perturbative and perturbative limits of
£PIC 80 (2020) 2,74 f QCD has tried to incorporate additional
PRD 105 (2022) 034503 i ideri iti i
PRD 105(2022) - coupllr_\gs by con_5|der|ng additional particle
or lattice corrections
o7 FAG2021 ‘
fo average
o PO e
06 § £+ FNAL/MILC 16 o |
: : i FiAL e ts 1o
0.2 04 r ; fo /! 1
R(D)
. E & ] E
P> Lattice QCD results : form factor &
(B — K)extrapolation is residing far from 02 f E
exact SU(3) symmetry : extra momentum ‘ ‘ ‘
AN . L |
contribution in the matrix elements through LT .10 0.05 0.00 0.05 0.10 015
the form factors (2, topt)
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T — 3 - introduction

In SM ( sourced by neutrino transition in loops) B ~ O(1075%)
BSM scenarios : B ~ O(10~19), attainable at current LHC energy
Data : 201742018 (new), Combined with 2016 results

T — 3p : two category search : HF : DF — 7tv,, Bt /B% — 7+ X, W boson :
Wt — rtu,

Branching fraction from event yield :

vvyyvyy

v

B D+—)T+ A ereco ezytﬁg
NSy(D) - N (Dd vr) 3u(D) “3u(D) “3u(D) B

T — -
HEB(DS s grt ot t) Aun € i

(t—3u)

” 2utrig
BB-T+X) As(8) €31(8) 3u(®) g

N. = "
w®) = Nuwe S BB DT ¥ X)BIDE ¢t i 5 7) Ay €55 21058

(T—3u)
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T — 3 - discriminators with highest power

Best discriminators

. 20172018, 077 1" (13TeV) 2017-2018, 97.7 fb”* (13 TeV) » azp : 3D angle between 53“ and the vector
012 CMS “0#FCMS from the beamline to three particle common
}  Data (sidebands) +  Data (sidebands)
o. W HF - 3uMe) 02f W HF - 3uMe) vertex

> x2/DOF of the 3 vertex fit

2017-2018, 90.4 fb™ (13 TeV) 2017-2018, 90.4 fb™ (13 TeV)
® FCMS ® FCMsS
i {  Data (sidebands) i Data (sidebands)
S W3 (MC) W3 (MO)
Trimuon vertex it 2 pe dege of freedom o 10
2017-2018, 97.7 fy” (13 TeV) A
5 03 s
CMSs “0.18F CMS 107} 10
o029 | Data (sidebands) osef
: Bl HFT - 3u (M) oaaf | Data(sidebands) 107 107
o012 Ml HFT - 3u(MO)
o | . -
° *§o085 0999 09995 L0 0z 04 06 08 1
o0y cos(ae) Trimuon relatve isolation
L 2017-2018, 904 fb* (13 TeV) 2017-2018, 904 f* (13 TeV)
004 Z foms ? fcms
00y i Data (sidebands) o i Data (sidebands)
% 910263 04 05 06 07 0 Wir-3u (M) o W T3 (MC)
Teml score (owestp, muon)
104 - .
ool *
1w .
» DCA to the 3 vertex of all other tracks £ I S
(p1 > 1GeV) w0 ool
» muon reconstruction quality BDT score of 1oLttt L T————
the lowest pr muon of the triplet Trimuon vertex il pobabilty Trimuon p, (Ge\
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T — 3 - result

2017, 305 1" (13 Tev) 2018,598 1" (13 TeV)
3 3 > A:opm=12MeV,0,/m < 0.07%
§ st CMS W Category A ; = CMS W Category A
Fa o Epa o e > B:om=19MeV,0.07 < op/m < 1.05%
H — wtamegoe | & [ ——
4 ) Y » C:om=25MeV,0m,/m> 1.05%
4 o
15% 10 Up to 131 fb™ (13 TeV)
=
@ r CMS b
? 7 ? i T L |
(@ Gev e Gev —
= | |
2017, 305 15" (13 Tev) 2018, 59.8 15" (13 Tev) o [
3 3
Z T CMS W Category B Z ST CMS W Category B g 10— azsd?anf:xpected
g T ow g ¥ o L
g4 — Signal 8107 HE S — signal 8107 2 [ 68% expected
H R m— H — Backgroundony it £ r 95% expected ]
o+ i = L
F} L |
£ £ s 5L n
=] L 4
— L 4
(@]
TR i L T 1
(@ (GevT e Gev S t g
2017, 30.5 " (13 TeV) 2018, 50.8 b (13 TeV) @ 9
3 3 HF analysis W analysis  HF + W HF +W
E S CMS ‘W Category C § CCMS ‘W Category C 2017+2018 2017+2018 2017+2018 2016+2017+2018
2 1 oaa 2 1 oan
£ — Signal 810 £ — Signal B+107)
H [ et
ES ES 201742018 data is combined with 2016 data :
i i Line = 131 fb~ %, the observed(expected) upper limit
on B(t — 3p)
! I > CL—90%:2.9(2.4) x 108
T R
e . st > CL—95%:3.6(3.0) x 102
Three mass resolution categories : background-only
fit
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R(J/v) : BY — J/y7mrv,

_ BB =/

) = ot +
> R
(J/v) B(Bjﬁj/d;u*u#)"l/w_)” Ko T eV Vr

> L1 trigger : events with 3 muons , leading p : pr > 5 GeV, sub-leading 1 : pr > 3 GeV, no pr
requirement for sub-sub-leading muon

> 2 muons from the common vertex of J/v and muon (ut ™ ") not originating from J/4 vertex
referred as 3rd muon

> Offline selections : HLT : J/4 4 pu, dx, < 0.05cm, do < 0.2cm, P(B:r(3’d pu)vertex) > 0.01%,

v

mgi < 10GeV, phtt > 6GeV, ph*H3 > 4Gev
C

» Discriminator between p&T channel :
2 _ _ 32 _ vis _vis
q° = (PB;r PJ/p) Pgt = mB?/mw P35, IP3D/oipap, Ly /oLy,

7, K : misidentified as  : fakes, H, — J/y(ptp™) + pt

CMS preliminary  59.7 fb™ (13 TeV) CMS Ppreliminary  59.7 fb™ (13 TeV) CMS Preliminary  59.7 fb! (13 TeV)
5 0.24F T T T T 3 50 T T T T T 50 T T T T
5 AR RAm 5 RS 3 oof el 3
© 0.22F — fakes E © 02F g gury E [ — By
0.2F H, bkg E! 0.18F — fakes 3 0.18F — fakes Ei
0.16 e 0.16F E
0.14 4 0.14F E
0.12 e 0.12F E
0.1 e 0.1 E
0.08 e 0.08F E
0.06 E 0.06 E
0.04 E 0.04F E
0.02 E 0.02 E
L , L L , ,
-4 -2 2 4 2 4 6 8 10
2 2
IP3D / Gypgp, 2 (GeV?)
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R(J/v) : BY — J/ymrv,

Physics comparison with data in g2 discriminator

events / bin

obs/exp

CMS preliminary 59.7 b (13 TeV)
T T T T
10' E - owcy BL. Iy W vespv
other B; - @)y [l B2 - 0w H(h1..) H, mesons
H, baryons comb. dimuon + * [l fakes
$ observed stat. + syst. unc.
10°
10%
K T S R I
I s e B e e e i e ek
: 1
55 6 6.5 7 7.5 8 8.5 9 95 10

@ (GeV?)

m(3p) < myy, q° > 5.5GeVZ, IP3D/op3p > 2
(2

R(J/) = 0.17°-38, , (stat) T% 2L (syst)2-3, 5 (theo)

.22 —0.18
s 59.7 fb (13 Tev)
-
= CMS RIY) =017 "%
< 7F preliminary o
N
' e v Stat.Only RO = 047 2 (stat) " (Theo) *2(syst)
----- Stat. + Theo.
sk — Total
aF
3
i
1
oL |

TN g Il Il L Il Il
-08 -0.6 04 -02 0 02 04 06 08 1 12

R(/y)

Within 0.30 with value predicted by SM and 1.30
with the value measured by LHCb

This result will certainly help the theory to be more tuned
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Bt

K+t

In order to avoid systematics in the low momentum region double ratio method is approached
BB skt utuT)(4?) / BBt oKtete)(d?)

RUNT) = Blar— 179t = 60| BB T d/w(et e k)

The analysis exploits the usage of B-Parking ( POS-EPS-2019-139) data collected with a delayed
trigger

L1 pyig : pe > 9 GeV, IPxy/0xy > 6, p2 : pr > 2GeV,

Az(pirig, K1) < Lem, Az(pyig, p2) < lem

Offline selections : HLT :
pT(KT) > 1GeV, pr(B) > 3GeV, Ly /oy, > 1, P

> 1075,

Bt vextex

cosazp(BT) > 0.9, 5.0 < mg; < 5.6GeV
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https://cds.cern.ch/record/2766071?ln=en

R(K): B — K*(+(-

Yield in three different resonance bin, for electrons a dedicated low momentum algorithm (LP) was in
application, for details please visit our physics summary

Channel ¢? range Yield

1.1-6.0 GeV? 1267 +55
8.41-1024GeV? 728000 + 1100
12.60-14.44GeV> 68300 = 500

BT > K'utu~
BT = J/p(utu KT
B* — ¢(2S)(u"p )K"

Channel q° range PF-PF yield PF-LP yield
BT — Kfefe (low-?) 1.1-6.0 GeV* 179+£72 3.0+£59
B* = J/p(ete )K? 841-10.24GeV? 4857 + 84 2098 + 58
B = p(25)(ete )K*  12.60-1444GeV2 320 +20 94411

Likelihood function from the fit profiled as a
function of R(K)™1

CMS Preliminary Upto 41.6 fb™ (13 TeV)

~ 25F
E F
5‘ [ — — Statistical only //
= 21— —— Statistical + Systematic /
° r —— SM prediction /
! L
5 15[ /
@ [
% F
2 1=
a [
0.5F
o

Mass yield signals :

signal and background sums the

total pdf of the fit.

s38 ' 13Tew s presminary asmiaatey

a0

9 Canddates /0.01 GeV

10" oM Prtmin

[ oteatoznood
Sana 727985 41075

e 2o0E o 0200w ot

St 2088 450

100f

Candidates / 20 MeV.

H
,‘.th 6*“ ,WW 3 ‘vwd;x.u!u,xl:,x“,ux"m Ll
i 5 R
k) (Gov]

©aary

ni<ere) [Gev]

In the 1.1 < ¢? < 6.0 GeV?

1.

2.
3.

R(K) = 0.787%47

B(KEutp—) = (12.424+0.68) x 10~ 8

This measurement is limited by the
statistical precision of the electron channel

The inclusive branching fraction in the same
q2 range is consistent with and has a
comparable precision to the present world
average value
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» Studies of discrete symmetries

s BO 5 J/1p(1020) - Phys. Lett. B 816 (2021) 136188
Arg, F1 : Bt — K*tptu= - JHEP 04 (2021) 124
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https://www.sciencedirect.com/science/article/pii/S0370269321001283?via%3Dihub
https://link.springer.com/article/10.1007/JHEP04(2021)124

BY — J/2b¢ introduction

HFLAV includes: current CMS result =

Flavour tagged time dependent angular
analysis

We measure ¢s >~ —2f3;

A robust model also open the plethora of
measuring : 5, Alg, [A|, Amg

2 2
ogAmg

_ Ptags S _Zc—"s
ps =f |\ =3~\/s3ge 2

2
= [z |
Ta 68% CL contours.
3 (alog £ =1.15)

CMS 116.1 fo~!

SM no penguinis
LHCb 4.9 71
|
01 )
lrad]

P-Wave: B —J/y¢
1.1 Ap : L=0, CP-even.
12 A, : L=1, CP-odd.

1.3 AH : L =2, CP-even.

S-Wave: Non resonant Bg — J/Pp KK,
and B? — J/% fo(— KTK™)

2.1 Ag : L=0, CP-even.
Transversity basis : O, ¢, Y1

Reconstruction: kinematic fit - J/, fit four
tracks to PV using Kalman vertex fitter,
save best Bs candidate with highest vertex
fit probability.

Physics selections : Optimization - GA.

[m] = -




BY — J/1¢ Decay Rate

d*1(B2(1)
dodt

= F(O,ct,a) =

10

S 0i(a, t)gi(©)

i=1

(1)

1 1
O; = N,-eirst [a; cosh <§Ar5t> + b; sinh (EAr5t> + ¢i&(1 — 2w) cos (Amst) + d;&(1 — 2w) sin (Amst)

(2)
i g0, Y., o) 3 b, < d,
1 2o Pr(@ — sinc O oo Pr) |A1o. 1 c =
2 sin Yra — sin O s ©q) \Aﬁ )2 1 D c —s
3 sin? Py sin? O 4] @]? 1 —D c s
A — P P, 20, iy 4@l @ rs.n(sz_ -5 ‘) sm(sj_ - 5H) sm(aL - ‘SH) nms(al - 5“)
» \*ﬁ dn 21y in? O, sn20; l4@] |4 0] ws(aH - 505 P ms(aH - ao) rm(su - 50) 75505(5” - 50)
s \/ 2ty 5020 s Py 2@ |4 @ | can(6 — &) s8] — 8) (6 — &) uws(sL — 8)
7 fu — i 0, o P) | As@]* 1 —b c
. L fosn tpy n® 0, 52 @l |4 @l cm(au - 6) 5m(6” - 6) ( |- 55) ( |- 55)
L oty im0, o oy [as@| |4 @] w8, —8) | —ow(s, —8) m( -8 5“(M -5,
10 i\ﬂmswm — i 07 s py) |4s©@] | Ao (0] Ceos(Sg — 85) Ssin(8p — &) ws(8o — &) Dsin(Sg — 85)
1— |22 2|\ sin ps 2| \| cos ¢s )
TN 1427 1+ |22

C is sensitive to direct CPV and S is sensitive to small ¢s
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Flavour tagging

Figures of merit :

1. €etag = Ntag/Niotal: tagging efficiency.

5
\ JEUPRE — .
a : 2. wiag = Neag,wrong/Niag: per-event mistag
signal side probability evaluated with a DNN.
P P
tag side 3. Piag = €tag(l — 2wmg)2: tagging power.
b
q W) tag muon fognn = 1 — wevt-
b X
X . CMs 671" (13Tey)  CMS 5‘S7ib'13TeV]
3, | El ]
_ L 1 ogf t0m |
1. b quarks are produced in bb pairs. = = “1
0. 0.
2. Additional muon is used to Tag the flavour 1 *
of Bg , via b — uX decays of the other b oz, 0
3. OS-muon tagger, tagging variable : ,u,Q T O et ey, [ T
;L_—>os:b—)signa|:l_7 0 02 04 06 oaww 0 02 04 06 oeww
ut — os: b — signal : b - -
4. Developed : simulated Bg —J/Yo,
Calibrated : self tagged BT — J/wKi .
Dataset etag (%) wiag (%) Ptag (%)
2017 @7+£01)% (271+01)% (96+01)%
2018 (509 +£01)% (27.3+£0.1)%  (10.5+0.1)%
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Final Results

¢s and Al are consistent with SM prediction (arXiv:1102.4274 ).

‘ ¢s = —11 + 50 (stat) & 10 (syst) mrad, Als = 0.114 + 0.014 (stat) + 0.007 (syst) ps—* ‘

I's and Amyg are consistent with world average values (PhysRevD.98.030001).

‘ ls = 0.6531 & 0.0042 (stat) = 0.0026 (syst) ps~ ', Amg = 17.51 £7 410 (stat) 4 0.03 (syst) ips~*

Further combined with /s = 8 TeV result (PLB2016.03.046)

‘ ¢s = —21 + 44 (stat) & 10 (syst) mrad, Als = 0.1032 =+ 0.0095 (stat) == 0.0048 (syst) ps —* ‘

CMS 19.7 +96.4fb™ (8 + 13 TeV

P

1. |\| is consistent with no direct CP violation. ~0.18F 8TeV data 68% CL 4
L F 13 TeV data 68% CL ]

<0.16F ¢  Standard Model E

[A| = 0.972 4 0.026(stat) + 0.003(syst) 014F - E
0.12f 1

First time CMS measures |A| and Amg. o 1i 1

3. A precise measurement with all taggers and 008:7 E
with a J/v — TrkTrk trigger is in the s ]
pipeline. 0.06F 1
0404: L L L]

1 Il
-400 -200 0 200 400
¢s (mrad)
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https://arxiv.org/abs/1102.4274
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.030001
https://www.sciencedirect.com/science/article/pii/S037026931630017X?via%3Dihub

Arg, Fi : BT — K*Tu™ ™ - introduction

decay distribution as function of ¢2:

1 a°r 9 (2 )
T dcos 6 dcosb,dg? ~ 16 {5 [FS +245 COSGK] (1-cos”6,)
» Measurement of forward-backward + (1-F) [ZFL cos? B (1 — cos? 6y)
asymmetry (Agg), and longitudinal 1
polarization (F,) +3 (1-F) (1 — cos? HK) (14 cos?6;)
»  This result is based on the 8TeV data with 4 2
Lin = 20 -1 + 3AFB (1 cos’ QK) cosBz] .
» Angular analysis with two angles : 6y, &6,
» Two oppositely charged muon : fit model : signal 4+ background

pT > 3.5GeV, &|n| < 2.2 fitted to a
. 2
common vertex with x=(Pvix) < 10% pdf(m, cos by, cos 6;) = Ys 5™ (m) S(cos by, cos 6;) €(cos By, cos 6,)
> cosa < 0.9, P‘Tﬁ“_ > 6.9 GeV +Y; B (m) B% (cos ) B%(cos6y).
»  Offline signal reconstructed with a
K**(— K27") and the two muons already
selected

> 438< MO et ot = < 5.8GeV
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Arg, FL: BT — K™~

Candidates / 0.04 GeV

Candidates / 0.125

Candidates / 0.125

final fit

CMS zoofb‘(s TeV) CMS 200fb‘(8 Tev) CMS 20.0 b} (8 TeV)
T T T T T T T T
1< <868 GeV? { Daa > 40[10.00< q2< 1286 Gev? | Data 1 3 wfiais< P<19Gev? 1 Daa B
60 —Toalfit | O — Total fit ] — Total fit
== signal S wf == Signal 3 3 wf == Signal 3
Background S Background S Background
o 1 9
L L
< <
p=s J -
=] =]
c <
I 51
| . n S S T
4.8 5 52 5.4 56 58 48 5 5.2 5.4 56 58 48 5 5.2 5.4 5.6 5.8
0, ) 0, - 0. -
mKJepp) [Gev] mKJrpp’) [Gev] mKgrp) [GeV]
CMS 20.0 b} (8 TeV) CMS 20.0 b} (8 TeV) CMS 20.0 b} (8 TeV)
C T T T 0 T T T w0 T T T
150171 < 2 < 8.68 GeV? } Data S 10.00 < @? < 12.86 GeV? | Data & sof1418<<19Gev? | Data 1
— Total fit S — Total fit P — Total fit
< 40 ==signal o = b ==signal 3
2 Background 2 Background
& kS
= = |
° T
= =
z : l
8] ]
; ; ;
-1 0.5 0 0.5 1
cos Gy cos Gy cos Gy
CMS 20.0 fb*(8 TeV) CMS 20.0 lb (8 TeV) CMS 20.0 b} (8 TeV)
T T T I 0 T T T
80[-1 < ¢? < 8.68 GeV? poaa 1§ 10.09 < qz <1286 Gev2 t Dala N 1418 < <19 Gev? 1 Data
— Total fit o 40F tal fit PRI — Total fit
ol 2= signal 1 =< — Slgnal g == signal
Background ] Background 3 Background
© T 20 —
k=] s
° =]
=4 =
< © 101
o o
n ; :
1 -1 0.5 o 0.5 1
cos 6, cos 6,
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Arg, Fi : BT — K*T "™ - results

The results are shown with black square which comprises both statistical and total uncertainties and a
comparison with SM is also shown in the plot advocates about the consistency with SM

1CMS 20.0 fb™ (8 TeV) 1CMS 20.0 b (8 TeV)
<E L ‘ ] LL_‘ L ‘ ]
r 1 08l h
osF o i 1
r 1 o6k h
of ]t ¢ ] z % z
; ] 4 L
051 #Data | 02 ¥ Data |
i esM 1 b ¢sM ]

1 5 10 i 0 5 10 i
?[GeVY] ?[GeV?]

7* (GeV?) Ys Apg R

1-868 221+81 —014%032+017 0607531 +£0.13
10.09-12.86 259+63  0.097016+£0.04 0887515 +0.05
1418-19 451480 033101 +£005 055751 +0.06

> The vertical shaded regions corresponds to the regions dominated by B — K*¥J /4 and
Bt — K**4(25) decays

»  These are the first results from this exclusive decay mode and are in agreement with a standard
model prediction
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Summary

>

v

We have presented the results of some of the flagship analyses of CMS B-Physics Analysis Group
(BPAG)

These results are competitive with results of dedicated b-factories, such as Belle or LHCb
These are the results with highest precision what CMS could achieved with Run-I and Run-II data

Many new exciting ideas are being materializing now in terms of analyses, tagging algorithm, and
trigger lines

Our experience with systematic uncertainties reflects that CMS was in great condition in the last
Runs (Run-I & Run-Il) and CMS is ready to unfold various unknown features of flavour physics
in the upcoming Run-IIl.
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Back-up
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Maximum likelihood fit

Event PDF : Iy
sig k
P sig + £ Pokg

Nto
Negative log likelihood :

Nevt

—InL == > InP;+ Niot — Nevt In Niot
i=0

Psgn = e(ct) €(©) []?(@ ct, a)®G(ct, oct)] Psgn(mB?) Psgn(Uct) P(g)sgn s
Peomb = Peomb(c0s 07, 1) Peomb (c0s ¥ 1) Peomb (ct) Peomb (mpgo) Peomb(oct) P(E)comb ,  (4)

Ppeak = Ppeak(cos 071, ¢7) Ppeak(cos ¥ 1) Ppeak(ct) Ppeak(mgg) Ppeak(act) P(€)peak »

1. c(ct) ¢(©) : Efficiency. 1. P(mgo) : Mass PDFs.

s
2. F(O,ct,a) : Decay distribution. 2. P(o¢t) : Decay time uncertainty PDFs.
3. G(ct,oct) : Gaussian resolution. 3. P(&) : Tag distribution.

Decay time and angular background :

P(cos 61, ¢1), P(cospt), P(ct)

The peaking background P,y is originated from the decay Bg — J/¢ K*® ntu™ KTr~ where
the pion is misidentified as a kaon.
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One dimensional Data fit projections

One dimensional projection of multidimensional unbined extended maximum likelihood fit.

CMS 96.4 fb (13 TeV) CMS 96.4 fb (13 TeV) CMS 96.4 fb (13 TeV)
> £ T T T ] £ 10* T T T 1 £ T T T T
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c 107 . 0 —— =
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z o *»w *‘ww‘wmﬂ 3 %“%WM‘%M T Ot e
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S S 900 8 800 ) F o E
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e = £ s
E 1 Da E .
400p * oA 200f I Da @ ao0f” * P
300f --- Signal E —Fit 300F --- Signal E
200 Comb. bkg 300F --- Signal Comb. bkg
E —- Peaking bkg 3 200 Comb. bkg 200F  —. Peaking bkg 3
100E E 100 — - Peaking bkg 100E E
| irtrsin st et ———3 Ariartarde =t = ! < [ i ST et et =~
] 9 = =
g QMW@@{&&‘ xé & E%KMWP‘;WW#@ g g"é"’fwﬂ'\‘ﬂﬁ‘dﬁw&“*“ﬁwﬂ
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=0
O -
B¢-B, mixing

1. Direct CPV : .
o —0 _ tb Vts
P(Bg — ) # P(B; — f) b Lo, u s
2. Indirect CPV in mixing : " w*
_ — s t,c,u b
P(B? - B,) # P(B, — BY) =
Vts vtb

3. CPV in Interference :

P(BY — fop) # P(BY — BL — Tep) B
[Bru) =p[BY) £a[B), [p* +lal® =1

Time dependent CPV M M
’ ms:%v Amg = My — ML,
—0 0
Acp X r(Bs - fCP) - r(Bs - fCP) (5) r_ Mg+ AF —T r
o N sin(¢s) sin(Amgt) s= T, s=IL—In
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CPV : BY meson

The very definition of the convention independent
parameter A, specific for the

0 o KYK—
BS.—> J/Y¢p — " p” KTK™ decay can be
defined by combining the mixing and tree level
b — cCs transition,

[ (5) Aljwe
cp =
a/ 89 Assye

e Vi Vis ViV
=Eep
Vep Vs VsV
e—iBs

= 5cpm

(6)

_ Ecpe—z,ﬁs

BY 1 Vg Vi + Vg Vi + Veg Vi = 0

Im
Re
>
. ¥ B
ViV B
27 ‘ A
V.V,
o, 5

Bg interference case :

arg(Acp) = —2Bs = ¢s

Acp : conditions
1. |A/A] #1 — direct CPV
2. |q/p| #1 — indirect CPV
3. Im(A) — interference CPV
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T — 3u

2017, 38.0 b (13 Tev)

2018, 59.7 fb’ (13 Tev)
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Systematic uncertainty - B! meson

Ps ATy Amg 1l T 1Aol? 1AL 1451 3y L bs.

[mrad]  [ps™']  [hpsT) Ips™'] Irad]  [rad] [rad]
Statistical uncertainty 50 0.014 0.10 0.026 0.0042 0.0047 0.0063 0.0077 0.12 0.16 0.083
Model bias 79 0.0019 - 0.0035 0.0005 0.0002 0.0012 0.001 0.020 0.016 0.006
Model assumptions - - - 0.0046 0.0003 - 0.0013 0.001 0.017 0.019 0.011
Angular efficiency 38 0.0006 0.007 0.0057 0.0002 0.0008 0.0010 0.002 0.006 0.015 0.015
Proper decay length efficiency 03 0.0062 0.001 0.0002 0.0022 0.0014 0.0023 0.001 0.001 0.002 0.002
Proper decay length resolution 35 0.0009 0.021 0.0015 0.0006 0.0007 0.0009 0.007 0.006 0.025 0.022
Data/simulation difference 0.6 0.0008 0.004 0.0003 0.0003 0.0044 0.0029 0.007 0.007 0.007 0.028
Flavor tagging 05 <104 0.006 0.0002 <1074 0.0003 <1074 <103 0.001 0.007 0.001
Sig./bkg. wey; difference 3.0 - - - 0.0005 - 0.0008 - - - 0.006
Peaking background 03 0.0008 0.011 <1074 0.0002 0.0005 0.0002 0.003 0.005 0.007 0.011
S-P wave interference - 0.0010 0.019 - 0.0005 0.0005 - 0.013 - 0.019 0.019
P(0¢) uncertainty <107! 0.0019 0.028 0.0004 0.0008 0.0006 0.0008 0.001 0.001 0.002 0.005
Total systematic uncertainty 10.0 0.0070 0.032 0.0083 0.0026 0.0049 0.0045 0.016 0.028 0.045 0.048

1. ¢s : Model bias an angular efficiency.
2. Al and T : lifetime efficiency.

3. Amyg : Lifetime resolution, SP- wave interference and peaking background.

4. |X| : Angular efficiency and and model assumption.
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BY — T~ Effective lifetime

The effective lifetime : BS — utu

C_f5RrBE o ) 4 T(BY Tl
= =
wm J§oIr(BY — ptp=) +T(BY — ptp—)ldt

and t is the proper decay time of the Bg meson Relation : Tutp— < TBO
s

-

B0 14+ 24K v+ y2 TR0 Al

To+,— = prp— v Ys = —
poR 1-y2 1+ ARCH Ty 2

Where,

- 2R(A qA -
AZF“ E_l (A)Z’ A= Al‘f 1ad
+ Al PA+ )~
At lpg) = 1,05,
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CMS & LHCb combination B? — putp~

Weighted distribution di-muon invariant mass and the likelihood contours in the
B(BY — ptp~) versus B(BY — ptpu~) plane
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—

60 —+— Data

= —— Signal and background
50 [ 8- ww

E 8% 'y

=+ = Combinatorial bkg
..... Semileptonic bkg.
— — Peaking bkg.

W

N
S

S/(S+B) weighted cand. / (40 MeV/c?)
I

5800
me.- [MeV/c?]
CMS and LHCb (LHC run I)
& 09 T T =
c F ER M
= 08F — §aof
SorE 5 =
T E ERRT
@ 08 E b
® osp 4 % 4 6 8
o0sEl 3 B(82 - u4r) [10°]
03f- s\ | s
02f- =
E ER
01f- =
E ERERE c
oF L TR
0 02

7 8 04 06 0.8
B(EL > ) [10°] BIE" > 41 [10°)]

Reference - Nature 522 (2015) 68
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