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CMS for Heavy Flavour studies

*  Muon tracking system consists of muon

chamber and silicon tracker covers wide
rapidity and pr regions

* Thanks to the highly sensitive trackers, even
low energy photons can be measured

accurately using conversions

1758

oy Y * Flexible trigger strategy provides a wide
CMS Integrated Luminosity, pp variety of study scopes including Higgs,
Data included from 2010-03-30 11:22 to 2018-10-24 04:00 UTC .
~ 100 = 2010, 7 TeV, 45.0 pb | ‘ ‘ 100 SUSY9 and b-thSlCS
Te D, | 2011, 7 TeV, 6.1 b
=) { | w2012, 8 TeV, 23.3 b . i
> 80 A 015 13Tev.anm ! l8o o L =3.0fb" (15 = 13 TeV, 2018)
i 2016, 13 TeV, 40.8 b~ % CMS Trigger paths |
o e 2017, 13 TeV, 49.8 th™" -
£ — 2018, 13Tev, 6821 ' 9 10°E Preliminary mm . CMS-DP-2018-036
€ 60t 160 @ .
3 € 10° B,
o) I Y
g > 7 Y W low mass double muon + track
E 401 140 L 10 double muon inclusive
§ 10° z
é 20} {20 10°
)
'2 0 e <50 0 104
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Recent results from CMS

Title Publication
Measurement of production cross sections times branching fraction of CMS-PAS-BPH-13-002 THEP
B - J/ynT and Bt - J/YK™ in pp collisions at /s = 7 TeV at CMS
Measurement of b hadron lifetime in pp collisions at /s = 8 TeV EPJC 78 (2018) 457
Measurement of quarkonium production cross sections in pp collisons at PLB 780 (2018) 251

Vs =13 TeV

Measurement of the A, polarization and angular parametersin A, = J/yA | PRD 97 (2018) 072010
decays from pp collisions at /s = 7 and 8 TeV

Search for the X(5568) state decaying into B in proton-proton collisions | PRL 120 (2018) 202005
at+/s =8 TeV

Observation of the BS, — B°K decay and studies of excited B mesonsin | arXiv: 1809.03578, submitted to

proton-proton collisions at /s = 8 TeV EPIC
!T)b.sezlafioxof the Z —>_1/J.l+l__ oiec;y in ao collisions at .\/§_=.13_Te.\/ = " T 'PRL 1.21_(2(.)18_) 141801 -
| |
" Observation of the y;1(3P) and y;2(3P) and measurement of their masses | PRL 12 (2018) 09002 |
|
E Angular analysis of BY - KT u*u~ in proton-proton collisions at /s = 8 arXiv: 1806.00636, to appearin |
I Measurement of angular parameters from the decay B® - K®*u*u~ in PLB 781 (2018) 517
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Observation of xpq 2(3P) mass split

Events per 10 MeV
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Observation of xpq 2(3P) mass split PRL 121 (2018) 092002

e First observation of resolved )1 (3P) and y,,(3P) states and their masses

measurement through the decay channel

Xp(3P) = Y(3S)y

» Using pp data at 13 TeV collected in 2015 + 2016 + 2017, corresponding to integrated
luminosities of 2.7, 35.2, and 42.1 fb~1 (80 fb~1! total)

- CcMS
* Extended unbinned maximum likelihood fit. o = st oV
* The yp,1(3P) and y,(3P) signal peaks are > S0 L-g00’
= [ — Total fit
modeled with a double-sides Crystal Ball,and 2 ®°F "
the total yield is 372 + 36. LU
M(xp1(3P)) = 10 513.42 + 0.41 (stat) + 0.18 (syst) MeV 2 St
C I E N B

M(xp2(3P)) =10 524.02 + 0.57 (stat) + 0.18 (syst) MeV ~ A-MaS®Th S bl L

Y(3S) Y invariant mass (GeV)

R[EE+ S E BRI CPH AT & Heavy Flavour at CMS 5



Observation of xpq 2(3P) mass split

* Most of the theoretical predictions give a positive AM: 9 <AM <18 MeV. The
only exception give AM = -2 MeV.
* The measured mass difference between y;,(3P) — xp1(3P) (in MeV):

AM = 10.60 + 0.64 (stat) £ 0.17 (syst)

CTP 52 (2009) 653

PRD 86 (2012) 094011; Cornell-l
PRD 86 (2012) 094011; Cornell-lI
PRD 86 (2012) 094011; Screened Cornell-I
PRD 86 (2012) 094011; Screened Cornell-ll
PRD 86 (2012) 094011; Richardson
PRD 86 (2012) 094011; pQCD
EPJC 72 (2012) 1981

CPC 37 (2013) 023103

CPC 37 (2013) 083101

NPA 924 (2014) 65

PRD 90 (2014) 054010

PRD 90 (2014) 054010; Gl refit

PRD 90 (2014) 054010; Gl original
PRD 92 (2015) 054034

PRD 93 (2016) 074027

PRD 94 (2016) 034021; SHO

PRD 94 (2016) 034021; GEM

PRD 95 (2017) 074002
arxiv:1702.06774 (2017)

|IIII|IIII|IIII§ﬂI§III|IIII|
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Observation of the Z — Yl*1™ decay PRL 121 (2018) 141801

* Only one exclusive leptonic decay channel Z — 41 has been
observed apart from the common dilepton final states. Other searches
(e.g. Z = yll) only report upper limits so far.

* Theory estimates a branching fraction in the range of (6.7 — 7.7)

X 1077,
* Background for H — Z]J /1 decays
* Very clean signature of 4 leptons:
2 high-pr leptons
2 softer from the J /Y

First observation of Z decaying to a J /1 meson + a pair of leptons

A FEE S E BRI CPR R £ Heavy Flavour at CMS



Observation of the Z — Pl*1~ decay

« Full 2016 data of 35.9 fb~! of 13 TeV .

* Look forZ - J/Ypu*u~ and J/pete™,
with J/i - p~p™.

* Four components are expected:

Z signal - J /y signal /

Z signal - ] /1 background

PRL 121 (2018) 141801
M(up) versus M(uutl)
CMS 35.9 fo' (13 TeV)
< 3-6:"'I""I""I""I""I""I""I'"'I""I""IE
S 3.5F s 3
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Observation of the Z — Pl*1~ decay

fits to M(up) and M(uull).

Z signal: Breit-Wigner convoluted with a

Gaussian

J /Y signal: single Gaussian
3.7

B(Z-]/PlT1)
B(Z-ptp~utpT)

(stat) + 0.05 (syst)

Clean signal peaks.

Ry ppr+1- =

with the prediction of SM.

o

=0.67 +£ 0.18

A[E AN i R BRI CPRIA I &

2D unbinned extended maximum-likelihood
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PRL 121 (2018) 141801
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Flavour at CMS

Events / 2.5 GeV

O 4 N W & 0 O N @
LA AR B A R R |

Wy signal & Z signal 3
— Zsignal & y bkgd
««« Combinatonal bhgu_

70
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Myee [GeV]

Branching fraction of (Z = J/Wl*17), B(Z - J/Ylt1™) ~8 x 1077, is consistent



Neutral current decays: the b — sll

* b — sll 1s a FCNC transition, only H
possible at loop level in the SM. v, Z -
* NP effects can contribute at the
loop or tree level.
. W

* Modifying decay rates, angular
distributions etc.
* Study b — sll to search for new

physics.

b t,c,u S

A FEE S E BRI CPR R £ Heavy Flavour at CMS
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0 «0 ..+ — PLB 781 (2018) 517
B? - K*%u™ u~ angular observables

« Depends on g? and three decay angles
* Observables are sensitive to the Wilson  \

coeffs.

* P.' anomaly

1 d*T _ 9 [§(1—FL)sin29 + F cos® 6
dI'/dg? dg?d cos0;,d cosOxdp  327r'4 K K
1
+7(1-F) sin” f cos 26 — F, cos” B cos 26,
Decay rate parameterization: + S3 sin? Ok sin? 0, cos 24) + S4 sin 20k sin 260, cos ¢

JHEP 01(2013) 048 Sicasqs
J=49,/,

. 4
For example: Pieyse6s m + 55 sin 29K sin 91 COS (P + gAFB sin2 91( COS 91

+ Sy sin 20k sin 0; sin ¢ + Sg sin 260k sin 20; sin ¢

+ Sg sin® O sin® 0 sin 2¢]

A [E T 8 IR PRI CPR IR ) 2% Heavy Flavour at CMS 1



0 0 PLB 781 (2018) 517
B® —» K*°u™*u~ angular observables

Q- 3 ‘Q:o 1.5

= +-CMs : +-CMms
2.5E Jiy ~LHCb 1= Iy ~#~LHCb
2F . |SM-DHMV N e}e Belle
: oD\
150 Sk L] SM-DHMV
1E Y(2s) of-
0.5 % N S
0%}\ g —0-5;— N
-0.5F i '—_fF' —\‘{@iﬁa b E\F\\\\\\\\
-1E q : tIJ(ZS)
LA R TR R 14716 18 20 T Te e 10 12 1416 18 20
q? (GeV?) 9% (GeV?)

« Using 20.5 fb~! pp data taken in 2012.
 The events are fit in seven g2 bins from 1 to 19 GeV?, yielding 1397 signal and 1794
background events in total.

* CMS results are consistent with SM and previous measurements

LHCDb: JHEP 02(2016) 104. Belle: Phys. Rev. Lett. 118.111801(2017)
SM-DHMV: JHEP 01 (2013) 048, JHEP 05 (2013) 137

EE AN Jm EREL N CPR AT = Heavy Flavour at CMS 12



arXiv 1806.00636 to appear in Phys. Rev. D

B* —» K*u™ u~ angular analysis

The decay for the process BY - K*u*u~ H p B+
l
can be described by cos6; and ¢* = M, - ;
K
Decay rate:
ut
1dr[B¥*->K*u*tu™] 3 2 1
T dcosd, =2 (1—-Fy)( —cos*6;)+ ~Fy + Agp cos 6,

0< FH < 3, |CAFB| < min(l, FH/Z)

F: a measure of the contribution from (pseudo) scalar and tensor amplitudes to the
decay width

Apg: utu~ forward-backward asymmetry

BEACH 2018 Angular Analyses b — sll transitions at CMS 13



arXiv 1806.00636 to appear in Phys. Rev. D

B* —» K™ u*u~ angular analysis

CMS 20.5 fb' (8 TeV)
==}
Q? 0.4 4 Data
Jip
0.2 Y(2s)

};
i
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L 1 L L l 1 L 1 1 1 1 L 1 1 I 1 L L 1 I L

5 10 15 20
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S

 Using 20.5 fb~! pp data taken in 2012.

I
3

, CMS 20.5 fb' (8 TeV)
[ 4 Data

L — DHMYV
[ | —— Jiy
| Y(2s)

0.5_—
[ 4

0-____—‘— |—‘—1 =*=—*_._+_
I B i P
0 5 10 15 202

q> (GeV?)

 The events are fit in seven g2 bins from 1 to 22 GeV?, yielding 2286 signal events in total.

* The measured Agg and Fy show good agreement with the SM predictions within the

uncertainty.

AE AN i R E A CPRA I &
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Summary

» CMS is producing high quality HF physics results

* Public:https:/twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsBPH

* Observation of ypq 2 (3P) masses split
* First observation of Z — J/yll
e Angular analyses of B® > K*%u*u~ and Bt > K*tutu~: agree
with SM predictions
» Many new HF results are released.

* Excellent commissioning and performance

* More to come from Run 2 data
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