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cMms,

Outline

U Lifetime measurements of b hadrons reconstructed In
final stateswitha* ¢ | AOT 1

U Observationof| } §) pair production in proton-proton
collisionsatM OE Yy 4 A6

i Measurement of the RandR6 Al COI AO DPAOA

N

decay BO +%t+zE] DD Al |l |l EeWET T O AO
U Search for X(5568) at CMS

Charge conjugate candidates are implied throughout the presentation
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5 Lifetime measurements of thadrons

U Theoretical models provide accurate predictions for b
hadron lifetimes and their ratios, HQE model estimates are In
agreement with existing measurements

U CMS is capable of making the lifetime measurements with
precision competitive to LHCb and Bactories, using a X
trigger

U There was some discrepancy B/ lifetime: LHCDb results
exceedTevatron results (=500 fs vs~450 fs) and a new
Independent measurement is needed to resolve it

U The presented result includes measurements of'BR, B,
and L} lifetimes
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cMms,

U The lifetime is measured using variablect =

Lifetime measurements of thadrons

Ly _, M
BY)r Vpr

U Dataset: 19.7 fb* of pp collisionsat 8 TeV (2012)

U Triggered byJ/G - ntn%

U The following decays are usedalways JG - ntni):

A B°- J/C K*(892)°, K*(892)0- K*p?

A B°- J/C KQ, K2- p*p2

A B2- J/Cj(1020), j (1020)- K*Kz

A B2- J/IC p*p? (in f(980)° region)

AL?- JSLO, LO- p*pz

A Bf- J/G p* (and referenceBt J/C KY)

CMSPASBPH13-008
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html

5 4 Lifetime measurements of bhadrons

U For each bhadron, a 3dimensional unbinned maximum
likelihood fit is used: m, ct, A

/

b-hadron mass o per-event ct uncertainty
= Lyy—

(BY)r PT

ct =

U Efficiency dependence ortt is taken into account in the fits
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More details inbackup
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s 4 Lifetime measurements of khadrons

A B°- J/C K*(892)0, K*(892)0- K*pz

CMS Preliminary 19.7 b (8 TeV) CMS Preliminary 19.7 b (8 TeV)
> 7000——T———T T £ T
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U PP L P e g -3
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M(J/p K'm) [GeV] B ct [cm]
p-(leading/ subleadingtrack) > 2.5/ 1.5GeV
K-p mass assignment: closer to MP9K*(892)9)

0.796 <m(K*(892)0) < 0.988 GeV Fit results:
p+(K*(892)°) > 3.5 GeV
0-(B%) > 13 GeV CZ(Bo- /¢ k¥(892)°) =453.0£1.6mm
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5 4 Lifetime measurements of bhadrons

A BC- J/C KE,  KE ppr

CMS Preliminary 19 7 fb (8 TeV) CMS Preliminary 19.7 b (8 TeV)
- T e g g
% 2500: — Fit function ] =+ 3 ST F!} function
N f (TR B signal o 10F ™MW 0000 e B signal
©  2000F B kg i< o Background
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b Bosgipdug s - o 3
§.15 5.2 5.25 5.3 5.35 2.4 0.05 01015 0.2 0.25 0.3 0.35 0.4 045 0.5
My K?) [GeV] B° ct [cm]
K2 mass constraint,L © vetoed
pr(leading track) > 1.8 GeV Fit results:

track d, /A >2, RvertexL,/A> 15
0.4876 <M(KY < 0.5076 GeV
p+(B°) > 13 GeV

CZ(B- 3¢ k) =457.8+2.7nmMm

consistent with previous slide
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5 4 Lifetime measurements of bhadrons

A B2- J/C j(1020), j (1020)- K*Kz

CMS Preliminary 19.7 fb™" (8 TeV) CMS Preliminary 19.7 fb™' (8 TeV)
> B000FT T T T T T T T T T T T T T £ - ' - - - E
% - — Fit function ;— 10 = — Fitfunction %
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o] S P DL WP B BT a) 5 '
9.25 9.3 5.35 54 5.45 9.5 0.1 _ 05 0.6
M(J/y K'K ) [GeV] Bs ct [cm]

p(K*) >0.7 GeV
1.0095 < M(K*K?) < 1.0295 GeV Fit results:
CZ(B2- J/§ j(1020)) =445.2+2.0nm
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5 4 Lifetime measurements of bhadrons

A B2- JIC p*pg (in f(980)° region)
CMS Preliminary 19.7 fb ' (8 TeV) CMS Preliminary 19.7 fb (8 TeV)
E 800 ;_ | | | | + I_ Eltlglmnc&t]llm|1 | _; g IIIIII Fit f:.lm:honI | ?
o 700 _‘ § (Eiorbnackb?gﬁ%ound —i L!G'J 103 g ------ EfoE] nlilijlackgaound EE
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515 52 525 53 535 54 545 55 555 - 0.05 01 015 02 025 03 035 04 045 05
M(J/p ") [GeV] B, ct [cm]
pr(leading/ subleadingtrack) > 2.5/ 1.5 GeV
0.924 < m(p*R) < 1.0204 GeV
pr(p*p?) > 3.5GeV Fit results:
BY) > 13 GeV
Pr(B5) CZ(B- J p'p) =504.3+10.5mm
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s 4 Lifetime measurements of khadrons

AL2- J/CLO, LO- pp?

CMS Preliminary 19.7 b (8 TeV) CMS Preliminary 19.7 b (8 TeV)
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M(J/y A°) [GeV] A? ct [om]
L % mass constraint,K2 vetoed
p;(leading track) >1.8 GeV
0 :
track d,,/ A > 2,L°vertex L,/ A > 15 Fit results:
1.1096<m(L%) <1.1216 GeV
pr(LY) > 13 GeV CZ.(Lg- J/IC LO):457.812.7IIIII
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5 4 Lifetime measurements of bhadrons

A Bf- JIC p* (using referenceB* J/C K*)
Al'=T I'gr = ! !
R(t) = [N(B9 / N(B") I(t) = R(t) expkD & =To Ty = oo
Signal yields in bins of Efficiencycorrected yield ratio
— 10° EC”.'S Fl‘reﬁrlmnalyy — I19.?'113'.' (B:I'e\% = 107 E:M§ Palfe-‘mrlrmarly . _ T o™ (8 ITeV_)l
5 F Byt ] x -
S0 T R(t) / Ry(t)
2 . ]
Tt B* - E
mfgk : 10° | ' =
- ﬂ'_'_‘-—-—- + B ]
" o BC : \:
1035 % : | | I I :I
— 0z o0d o, o0 o 002 004 0-09 %8 [crgj1
ct [cm]

pr(K*/ p*) > 3.3 GeV,p(B{,) > 10 GeV; |y| (Bf,)) <2.2
AEEO OOAAEAOAT AAS | ARDELek BHMA@15OX0A & (B W53.9+ 7#mA

Fit result: D G 4.12+0.30 ¢/mm = CZ (B} =162.3+8.2mm
Using {B*) = 1.638\0.004 ps (PDG)
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5 4 Lifetime measurements of thadrons

Systematic uncertainties

A The high.stat . and most precise mode Bt J/G K*is used to validate the
absolute cz accuracy

A Common sources :
Z PV selection
Z Detector alignment
Z Finite MC size
Z Choice of approximation functions
Z ctresolution and absolute g accuracy

A Channel-specific:
A B°- J/C K*(892)°: K-p mass assignment

A BY- J/C p*p?: Bt J/C K* contribution
p*p< mass window

A BY- J/C j (1020): ctrange (since different lifetime of eigenstates)
Non-resonantB?- J/€ K*Kz contribution (CP-odd)

A B:- JIS p*: ct binning
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5 4 Lifetime measurements of bhadrons

Results
cTg = 453.0 £ 1.6 (stat) + 1.5 (syst) um (in J/pK*(892)"),
cTge = 457.8 +2.7 (stat) + 2.7 (syst) um (in J/pK?),
ctgy = 504.3+10.5 (stat) £ 3.7 (syst) um (in J/wrn ),
cTgy = 4439120 (stat) £ 1.2 (syst) um (in J/p¢(1020)),

cTpo = 443.14 8.2 (stat) 2.7 (syst) um.
cTg+ = 162.3 £ 8.2 (stat) = 4.7 (syst) = 0.1 (zg+) ym,

In agreement with LHCb (0HEP1404 (2014) 114, Phys.Lett.B742 (2015) 29)
and world-average values (PDG)

Lifetime measurement precision it at the level of best measurements

Confirm larger (w.r.t Tevatron[*]) B{lifetime, in agreement with LHCIg**]

Interest on the theory side:PreciseB; lifetime measurementgan provide new constraints or
new-physics interpretations of the anomalies observed8n D®)zs3, phys. Rev. Lett. 118 (2017081802

[*] Phys. Rev. Lett.97(2006) 012Q02hys. Rev. D.87(2018)11101 Phys. Rev. Lett.102(200992001
[**] JHEP74(2014) 283®hys. Lett. B742(2013)9
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/BPH-13-008/index.html
dx.doi.org/10.1007/JHEP04(2014)114
dx.doi.org/10.1016/j.physletb.2015.01.010
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.081802
http://dx.doi.org/10.1103/PhysRevLett.97.012002
http://dx.doi.org/10.1103/PhysRevD.87.011101
http://dx.doi.org/10.1103/PhysRevLett.102.092001
http://dx.doi.org/10.1140/epjc/s10052-014-2839-x
http://dx.doi.org/10.1016/j.physletb.2015.01.010

Outline

U Observation of | { $ pair production in
proton -proton collisionsat NOE Y 4 A6
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5 Observation of| } §) pair production

Quarkonium pair production cross-section measurements are
one of the key points in understanding SPS and DPS contribution
and theparton structure of the proton

| § 9 pair production ET DD Al | | EeV isdbsemedA C
by CMS using a data set of 20.7:th using dimuon| decay

p-(m >3.5GeV, h(m| <24, y() <2.0
P.(l ) >0.005, P,(4m >0.05,

Using 2dimensional fit to {M% , M2 } where ML > M2

If more than one| |candidate is found, an event is discarded
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cMms,

2-dimensional distribution

None of 1D M, distributions
shows signs of (3S)

Observation of| } §) pair production

cMS L=207%"'@Tev) R’
— -__"——-____ B
D
B 74 4
=
% - :
= 2
o 47
E 3 1 '1
8 4 0
S 0 , 105
= 9 '

9.5 - A

S M'.’T} 1 2 KGB

Ly [Gew

dimensional fit has 5 components:

2.

A | (19) (1S) signal

A | (29) (1S)signal

A | (1S)zcombinatorial

A | (2S)zcombinatorial

A combinatorialzcombinatorial

other contributions are negligible

Signals: DoubleCrystall-ball with fixed shape parameters

Combinatorial: polynomial
JHEPQ05(2017)013
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4 Observation of| } §) pair production

CMS L=20.7 fo' (8 TeV) CMS L=20.7 fo (8 TeV)

%; - ¢ Data % B ¢ Data
S 25 —— All components N — 3&7 S B — All components
o [ -.-Y(1S) Y(1S) 1 o 251~ -=Y(1S) Y(1S)
® [ - Y(2S) Y(1S) N, = 1%6 o r Y(2S) Y(1S)
— 20 = Y(1S)-combinatorial 2 3 ~ 920 - - Y(1S)-combinatorial
8 - -+ Y(2S)-combinatorial 8 - n -+ Y(2S)-combinatorial
© [ " Combinatorial S5 r - - Combinatorial
© B © [
% 10F .‘h‘ % ™~ AR
© n {3 o : .-'! 3 l l

5:— l :,.-i\;{ ...... l l l 5 _";--t": ) {- l

0 = 1l il gle gt 1 |.o'_:‘1 : |"’ = e I; ¥ [ L1 O : AT = Y 2 ; e .lm;hl‘-&

8.5 9 9.5 10 10.5 11 8.5 9 9.5 10 10.5 11

M., [GeV] M [GeV]
Significance of (1S)| (1S)is well above %, | (2S) (19) 7 2.6A

CrOSSSGCtiOn: Detailsin backup
U(l (19)| (1S)) = 68.8+12.7(stat) +7.4(syst)+2.8(B)
in pp collisionsA O  VTevEfgr|y(l )| < 2.0

If | are produced with different polarizations, the measured crossection varies in f38%, +36%]
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cMms,

Outline

i Measurement of the P,andP.6 Al COI AO DPAO
the decay B® +9t*t2El Db Al 1|l ET2EI T O
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‘M52 Measurement of R and R.8in the decay BO +0; *{ <

B0 +70t *t 2is a FCNC process, in SM goes through penguin or
box diagrams
New Physics can contribute to such processes,

(f.e. changing angular distributions)

Recently, LHCbiepr 02(201604) and Belle @hys.rev.Lett. 118 (2017).111901
reported some tension w.r.t. SM

CMSperforms the analysis usinga data set of 20.7 f& of pp
AT 11 EOEITT O Afevi AA oA Amm,A O MNOFEm
. &

liminany

=
=
1

2 & =

A dedicatedtrigger requiring displaced ¢ (25)

low mass dimuon vertex Is used

Entries ¢ {0,014 GeV
=

-y
=
LU

J/IS and € (2S) are used as control channe ,,,,,,,,,,,,,,,,,, i

1 1.5 2 25 3 35 4 45 5
mip ) {GaV)
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‘M52 Measurement of R and R.8in the decay BO +0; *{ <

hadron p;>0.8 GeV IM(KA QMK |<90 MeV,
M(KK)>1.035 (3 veto), Displaced tracks DCA >2
pP-({ )>3.5 GeV, Pt 9>6.9 GeV,

M(t 1<4.8GeV, Displaced vertex LIA >3
BOp>8GeY §$sl,08c¢ Displaced vertex (LKA >12),
cos| 09994, |- M<280 MeV

assignK-A mass withminimal [M(KA QWN®| (mistag rate ~14%)

1397 signal events full sample.

Divided in 7 ¢¢= (M(t ))?bins, for each bin

4-dimensional unbinned fit is used to the(Q, 6, 3, Mgy) distribution
K ¢y K

Thefit includes:
Signal, backgroundmistag component
3D efficiency function
Background fixed from sidebands

W MM rest frame

K rest frame
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“">° Measurement of R and R6in the decay BO +0; *f 2

Signal functionK™ Swave + Rvave + interference

1 a‘r 9 {2 [ 2 2 2
=— ¢ = |(Fg + Agcosfy) (1 —cos” 0 1—cos 0/ 1 — cos” Oycos¢
dr/dq’ dg*dcosf,dcosfydy 8m |31 > ~©° K ( ’) K\/ J

1
L (1-F) [2FL cos? B (1 _ cos? 9;) +50-F) (1 _ cos? HK) (1 4 cos? 9;)

} Fi.)(1 — cos® 0y )(1 — cos® ) cos 2¢
—I—s Ok M\/l — cos’ Ok \/1 — cos’ g, costi)} }

K.,k and Afixedfrom previous CM#&easurementhys.Lett B753 (2015424
(not enough statistics to perform fully floating fit)
P, andt £Lare measured, A¢ nuisance parameter

Thefit includes:
Signal §R), background (B), mistag components
3D efficiencyfunctions RRM
Background fixed fromsidebands B

p.d.f.(m, cos O, cosh,, ) = YSC . (SF(m) - 57 (cos Bk, cos b, @) - E:?(CDSHK.,CDS 6, )

f-..M
| : -S,M(m)-Sf( cos O, — cos 0, qi;)-c?f( cos ), — cos Oy, qb))

1M

+ Yg - B"(m)- BFDSEK (cos By ) - B:-:DSHI(CDSH;} : Bf’(qb)
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‘M5 Measurement of P and R.8in the decay BO +90; *t 2

Fit projectionin the 39 bin 4.30<¢’< 6.00 Ge¥

. CMS _Preliminary 20.5 fb~' (8 TeV) . CMS _Preliminary 20.5 o™ (8 TeV)
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CMSBPH15-008 More details in backup
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cMms,

Systematic uncertainties

Results

CMSBPH15-008

Systematic uncertainty

Simulation mismodeling

Fit bias

MC statistical uncertainty

Efficiency

K7t mistagging

Background distribution

Mass distribution

Feed-through background

F, Fs, As uncertainty propagation
Angular resolution

1-33 10-23
5-78 10-119
29-73 31-112

17-100 5-65

8-110 6—66
12-70 10-51
12 19
4-12 3-24
0-126 0-200
2-68 0.1-12

Total systematic uncertainty 60-220 70-230
g% (GeV?) | Signal yield P P
1.00-2.00 80+12  +0.12753540.06 +0.107033 £0.12
2.00-4.30 145+16  —0.697055+0.09 —0.577037 £0.15
430-6.00 | 119+14  +0.537933+0.18 —0.967557 +0.16
6.00-8.68 | 247421  —04775574+0.13 —0.647075 +£0.14
10.09-12.86 | 354423  —0.53757,+0.14 —0.697)7; £0.23
14.18-16.00 | 213+17  —0.33735;+£0.22 —0.66" 75 £0.19
16.00-19.00 | 239419  —0.537010 £0.13 —0.561012 +0.07

ICNFP 2017, Crete, Greece
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Pi(107%) PL(1073)
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“">° Measurement of R and R6in the decay BO +0; *f 2

CMSE Freliminan, 20.5 fo (8 TeV) CMS Prefiminany 20.5 b7 (8 TeV)
o~ ELU: 15_
3 ] ( SM-DHMV - B¢ imgg
2 50 © ] { SM-HEPfit ) £ S s
= —=—CM3 22 —=— LHCh
2 - —a— LHCDb f —s— Belle-preliminary
1.5F 0501
0.5¢ I
OB osf Sf :f{; _.H:tF
0.5F ‘%;HF. ¥ ]
- = -1
'1: N
1.5l - 1.5 -
0 2 4 5 8 'I[II 12 15 18 ED 0 2 B ‘H} 12 14 16 18 ED
q? (GeV?) q° (GeV?)

Results are in agreememnith Standard Model predictions and previous
measurements bYHCb (Her 02(2016) 1pand Belle(phys.Rev.Lett. 118 (201711807

Theagreement with SMODHMYV is somewhdietter than with SMHEPHit
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Outline

U Lifetime measurements of b hadrons reconstructed In
final stateswitha* ¢ | AOT 1

U Observationof| } §) pair production in proton-proton
collisionsatM OE Yy 4 A6

0 Measurement of the Rand PR.6 Al (;OI AO DPAOA

N

decay BO +%t+z2E1 DD Al |l |l EeWET T O AO
U Search for X(5568)
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chs, 1

Search for X(5568)

D@ Collaboration LLHCD collaboration does not see X(5568)
1 +
Evidence for 87p* state using much larger and cleaner Bsample
10.1103/PhysRevLett.117.022003 Phys.Rev.Lett.117,152003(2016)
Tuo Significance3.9 — -
: i J % .. F LHCb p (B9 >10Gev [l cmed xisson s
2 ’ E ZSDE_ |:|Cc-mbinatnrial _:
:, 2w 87462, iy b 4
20 E 15I}§—
: 1R<0.3 S b
“ T F
5 Significanced. 1 © &
Ny =133+31 3 %‘"!1'";;';";';;*1;1;4";'I;'!'f'ﬁ';;g‘1;;1'?;11"t';;"+'1‘11'4'11"-'?;;;','*'1'{;:2
M, =5567.8+2.9 MeV 2E SO TR it S ML
— BEST SG00  5a50  Sr00 5750 SEO00  5o50  5G00 SIS0 Buuo
W e m =21.9+6.4 MeV m(Bgi’T:} (MeV)
‘Later confirmedbo cont Not6496
Using semileptonic Ogg: nCcehaonnel 7(pp — X(5568) + anything) x B(X(5568) —» By )
'ng P Bdecay px = o(pp — B? 4 anything)
250 —
% o0k D@ measured
>
Sk i M =8.6t2.4% (10<p,(BJ<30 GeV)
g ; 3 DO preliminary, 10.4 ' . .
3100 ¢ oama | LHClset upper limit
- o ” g M < 2.8% @ 95%CL (p+(B)>10)
°'"5"?55"%fs‘"é.éé"5fi”5‘.'75"5.'6"5'.56"5;9 ICNFP 2017, Crete, Greece 26
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.022003
https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B68/B68.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.152003

cMms,

Search for X(5568)

U LHCb andD@ nconsistencyt another independent analysis
IS needed

U There are theoretical papers both for and against X(5568)
existence

U CMS can probe the ph region complementaryto LHCband
closer toD@

A Dataset: 19.7 fit of pp collisions at 8 TeV (201)
A Use B- J/C j (1020), j (1020)- K*KZ decays
A Triggered by displaced J/G - ninf

A pq(K*) >0.7GeV, p+(BY >10GeV,
A |m(K*KZ) z mPPq <10 MeV Lxy/ A, (B) >3
A cosy (B9 >0.99+ P, (B9 > 1%

* 1 = BY pointing angle to PV inxy plane
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CMS
MS Preliminary 19.7 b (8 TeV)
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CMSPASBPH16-002

Search for X(5568)

CMS Preliminary 19.7 b (8 TeV)
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The distribution does not have
any visible peaks and is in a good
agreement withB? sidebands
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CMS

Search for X(5568)

CMS preliminary 19.7 " (8 TeV) CMS preiiminary 19.7 b (8 TeV)
> - > N
21200f S
© - co 1000
7, 1000F w F ()
E B E 800 — + no cut
- = +AR=0.4
E 800- -(Eﬁ i AR=0.3
o - o | R=<0.2
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Figure 3: M®(BY7+) distribution of events in (a) the B! signal region and (b) BY sidebands with
different AR (cone cut) requirements: no cut (black), AR<0.4 (violet), AR<0.3 (green), AR<0.2
(blue) and AR<0.1 (red). The uncertainties are not shown for the sake of clarity. The (red)
vertical band indicates the region My 4 I'y around the mass of the claimed X(5568) state.

The D@ Collaboration observes a peak with a significance above 5¢ only when a limit is im-
pmed on the difference between the directions of the B0 and pion candidates, specifically,

= /A% + A¢? < 0.3. This “cone cut” changes abruptly the M*(BY7r*) distribution shape,
as qhnwn in Fig. 3. It can simulate a peak shape or potentially enhance the significance of
a statistical fluctuation in the data and, therefore, it is not used in this analysis. Additional
cross-checks show that the fit of the distributions with this cut using a smooth background
plus a signal function can result in a signal yield not compatible with zero, in both signal and
sideband BY regions.
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CMS

Search for X(5568)
Remove |[m(KKz) zm?q <10 MeVcut

CMS Freliminary 19.7 7' (8 TeV)
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Figure 4: (a) ]/YKTK™ invariant mass distribution for events with the K*K™ invariant mass
window removed and pr(BY) > 25 GeV, pr(mt) > 1 GeV, pr(K*) > 1 GeV. The B —
J/YK*m— decay contaminates the signal and the right sideband regions. (b) The corresponding
MA(BY7t+t) distributions for the BY signal (black points with error bars), B? left sideband (red
band, made of stars) and B right sideband (blue dotted band) regions. All distributions are

equally normalized from the mass threshold up to 5.74 GeV. Contributions from BL2

)+ _,

B(*)07t+ decays (and charge-conjugates) are seen around M?(Bl7tt) ~ 5.77 GeV and higher
masses coming only from the B! signal and right sideband regions.
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Search for X(5568)

CMS Preliminary 19.7 fb™' (8 TeV) ECMS Preliminary 19.7 b (8 TeV)
Emmf_ () IR R 1 (b)
E12-::1::.:— } i { 4: }
$10001- , 2
g s00F- (x — x0)* x Poln(x) x } { ‘ _ H } [ } H } %
5 wnf ] HH ﬁﬁﬂ} fi p H} HH% il H#l
N=z175+134 :
200F =
Y % AN J— - S T
AM(BZr)+M(BY),__[GeV] AM(BIr)+M(BY),__ [GeV]
o(pp — X(5568) + anything) x B(X(5568) — B{m™)  Nx(sses)
. o(pp — B + anything) - Npg X €rl

Obtained upper limit ~ M < 3.9% @ 95%CL (p(B)>10 GeV
D@ measured M =8.6+2.4% (10<p;(BY)<30 GeV

The result is preliminary, uses very conservative systematic uncertainty.
The updated one will become public in a couple of weeks,

Keep an eyeon arXiv or CMS BPH physics results
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CMS

Summary
U b hadronslifetimes are measured
cTgy = 453.0 4 1.6 (stat) =+ 1.5 (syst) um (in J/pK*(892)"),
cTge — 457.8+2.7 (stat) 2.7 (syst) ym (in J/pK2),
cTgy = 504.3 +10.5 (stat) £ 3.7 (syst) um (in J/pr ™),
ctgy = 443.9 420 (stat) 4+ 1.2 (syst) pm (in J/1p¢(1020)),
crﬁé — 443.1 + 8.2 (stat) 4-2.7 (syst) ym.

cTp+ = 162.3 £ 8.2 (stat) 4.7 (syst) £ 0.1 (1+) pm,
A Results agree withw.a. and have precision at the level of the best
measurements

7z L N

0| jS) pair productionis observedinppAl I | EOQET T C
uP,andR8 AOA [ AAGOOYAdeday OE A
A Results agree withSM and previous measurements

U X(5568) is searched for, no excess is found, in agreement w

LHCDb result,updated result will be released in a few weeks
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cMms,

Some CMS Bphysics
distributions with early
2017 data

L=3.9f"({s=13 TeV, 2017)
Trigger paths

. CMS I
10 Preliminary .

—_

o
b
o

Events / GeV

Y I low mass double muon + track
double muon inclusive

Yo

1 10 , 10°
utu invariant mass [GeV]
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CMS, |

B-physics with early 2017 data

J/y — y"y' inclusive J/y — u"y' barrel

x10° CMS Preliminary L=3.9fb" (ys =13 TeV, 2017) x10° CMS _Preliminary L=3.9fb" (fs =13 TeV, 2017)
> :I (I O PO 7 | ) A T N U I R TN 13 L VO S R O S 1: % 250__I (L R 7 e o i S 2 B R PR L 573 L I P ) U o P 5 L o S A e
S 250 d| s b i
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~ L | = al) > e .
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S - 11 S 150: ly(u'w)| <1.25 ]
o 1500 — i@ ]
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CMS

B-physics with early 2017 data

Y(2S) — p'y” inclusivell«(2S) — u*u barrel

x10° CMS Preliminary L=39fb"(ys=13TeV, 2017) x10° CMS _Preliminary L=39fb" (Vs =13 TeV, 2017)
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CMS

B-physics with early 2017 data
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cMms,

Efficiency dependence
on cz

Y-axis scale is arbitrary

Fit with inverse power
function

In the baseline selection,

cz>0.02 cm is appliedo
avoid turn-on region

(>0.01 cm forB(;))

Tracking efficiency is the reason for
non-flat shapeJINS® (2014)(10

CMSPASBPH13-008
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Lifetime measurements of thadrons
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cMms,

CMS Preliminary 19.7 7 (8 TeV)
} ._I Trrr 'I TIrrir r TTrrr I Trrr '| Trrr TTr rr I Trrr 'I Trrr |' Trrr.
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Lifetime measurements of thadrons
A B:- JIC p*

p(K*) > 3.3 GeY

CMSPASBPH13-008

p+(p*) >3.3 GeV;
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M Lifetime measurements of thadrons

A B+~ J/C K*

pr(K*) > 3.3 GeYp(B*) > 10 GeV

Lsig(m,t,0:) ~ L(m) X {e*"/® G(t-t’; Ov) }. €(t) X
e

L(Ut)

CMS Preliminary
T T

19.7 (8 TeV)
T I =

30000

CMS Preliminary

9. be (8 TeV)

/

\

5 CMS Simulation Preliminary 210
= F ] £ 10 1 : v f
2 E — Fitfunction ] =1 3 — Fit function & 'l B" — Jho K o |\
= 25000F .....B signal g R 10k - B* signal s | : \
y F Background 7 ~ ek - Background 2 1 s Y
~ 20000f 2 F © \"'D.,’“Q- d b
- g 1FE 2 o9 W T eei— wf | 1
= 15000 w 10 b = t ! \
w [ E g OBP | |
- . 8! sk >
10000F T } co|
£ 2 3F ! .
F = 0.7} - o o \
5000 2 1 *H\\ J\\} ﬂ, , T 3
: i _2 Rlha? ﬂ'+ -}WWMHH \tﬂ- H’ ’4& . W AR
b : 1 £ - [ 9
0 I — — e & 06t ... ol i TR AT S
5.2 525 5.3 535 5.4 005 0701502 02503 035 0.4 045 0.5 0 0.050.10.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 AAG10A000S000AAN :): [crﬁj o
M(J/y K*) [GeV] B” ct [cm] ct [om) =
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the lifetime component e*/" is smeared with per-candidate detector
resolution Ot and corrected by reconstruction and selection biases
described by the t-efficiency function &(t)
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Observation of| } §) pair production

Component Uncertainty (%)
Resonance shape 7.9
Simulation 49
Efficiency 3.7
Acceptance 2.8
Integrated luminosity 2.6
Total 10.7
Nsignalw
7 = ZIBVS) - )P &

where w is the average correction factor that accounts for the inefficiencies stemming from
reconstruction, identification, and trigger requirements, as well as the fraction of events lost
because of the muon acceptance criteria, £ is the integrated luminosity, and B(Y(1S) — u"u~)
= (2.48 + 0.05)% is the world-average branching fraction of the Y(1S) to u™p~ [42].

The factor w is the inverse product of per-event efficiencies, €;, and acceptances, a;, averaged
over the events that pass selection cuts. For the calculation of the total cross section, values
of £L = 20.7fb7}, Niignat = 38 7, and @w = 23.06 are used. Under the assumption that both
Y(1S) mesons decay isotropically, the total cross section for Y(1S) pair production is measured
to be 03 = 68.8 + 12.7 (stat) + 7.4 (syst) + 2.8 (B) pb, where the uncertainties are statistical,
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cMms,

Observation of| } §) pair production

In quarkonium pair production, the measurement of the effective cross section v, depends on
the fraction of DPS, which is usually estimated either as a residual to the SPS prediction or as
the result of a fit to the rapidity or azimuthal angle difference between quarkonia pairs. To
estimate 0. using the fiducial Y(1S) pair production cross section vgq, the following formula

is used [7]:

_ le(Y)]?

2 fops 0sia [B(Y(1S) — ' )]
where o(Y) is the cross section for single-Y(1S) production [43] extrapolated to the fiducial
region (Y| < 2.0) and fpps is the fraction of the DPS contribution. To estimate the effective
cross section, we use ¢(Y) = 7.5+ 0.6nb and a value of fpps =~ 10% [8], which gives oo =~
6.6 mb. The cross section for Y(1S) pair production, assuming SPS with feed-down from higher
Y states, is 48 pb [8]. This result, combined with our measurement, gives fpps ~ 30%, and
with this estimation, o.¢ is calculated to be =2.2 mb. These two estimates of v are consistent
with the range of values from the heavy-quarkonium measurements (2—8 mb) [21], 22], but
are smaller than that from multijet studies (12—20 mb) [17520]. The quarkonium final states
are dominantly produced from gluon-gluon interactions, while the jet-related channels that
correspond to higher values of o.¢ are produced by quark-antiquark and quark-gluon parton
interactions. The trend in the measured effective cross section might indicate that the average
transverse distance between gluons in the proton is smaller than between quarks, or between
quarks and gluons.

3)

Uoff
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‘M5 Measurement of P and R.8in the decay BO +90; *t 2
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22 Measurement of R and R,6in the decay BO +0f * 2

Fit projectionin the 5" bin 10.09<¢?< 12.86Ge\?
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