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Introduction
e0

Motivations

Several motivations to study HF physics at CMS |

@ Advance b,c spectroscopy

@ Test QCD and effective theories

@ Look for indirect evidence or constraints to new physics
@ Improve environment description in NP searches

CMS.
-
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Introduction
oe

Outline

@ Old results:
Bt , B%, Bs, prompt-nonprompt J/1 , ¢(2S) , T(nS) production

@ Mesons:

° B(BG s — purp”)

e B% — K*Ou+,~ decay angles

o B! lifetime difference

e B; — J/ym /3w production and B.R.
@ Baryons:

@ A, production and lifetime

e Observation of =30 — =, 7"
@ Quarkonia:

e Double J/v production

e J/v, ¥(28), T(nS) polarization

® X¢, Xp production

@ Exotica:
e X(3872) production
e Search for X, — T(1S)n 7~ ous
e Observation of peaks in B* — J/1pK* =
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Introduction
[ o]

Compact Di-Muon Solenoid?

Data samples
@ /s=7TeV,L= 5fb~' (2011 run)
@ \/s=8TeV,L =20fb~" (2012 run)
@ Oldest results obtained with part of the statistic or 2010 data

All shown results involve di-muons |
@ With definite invariant mass (J/v, T) ...

sofF

CMS preliminary L=s2m® E=7Tev

Events / (0.02 GeVic?)

%200 - 430 GeVict
Signal yield: 450 + 88

vents /(0,028 Gevic )

2

L L
25 3 35

Wt invariant mass (éfwc’) 8|
° wornot (B — KOutpm) xSl ]
@ Useful to reduce trigger rate T

P. Ronchese - CMS CMS results on flavour physics - 4



Introduction
oe

Secondary vertices

Secondary vertices reconstruction in event selection

@ Reject background
@ Discriminate prompt vs. non-prompt dimuons

™S /

N — pr=  J/p — pt N X\/
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Introduction
L]

“Legacy” results from 2010 run (/s = 7TeV, £ ~ 40pb~")

B meson production
BJr — J/1 )K+ PRL 106 (2011) 112001 BO —J ',)KO PRL 106 (2011) 252001
S

prs > 5GeV, |yg| < 2.4 prs > 5GeV, |yg| < 2.2
o(pp — Bt) = (28.1+£2.442.0)ub | o(pp — By) = (33.2+2.5+3.5)ub

PRD 84 (2011) 052008

8 < prs < 50GeV, |yg| < 2.4
o(pp — Bs — J/v¢) = (6.9 4+ 0.6 + 0.6)nb

Quarkonia production
pp — (J/z/’ () (28)))( JHEP 02 (2012) 011 § PP —> T(I'IS) PLB 727 (2013) 101
Prompt, non-prompt lyr| < 2.4, pry < 50GeV

CMS.

|5
More infos at slides 30,39,42
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http://dx.doi.org/10.1103/PhysRevLett.106.112001
http://dx.doi.org/10.1103/PhysRevLett.106.252001
http://dx.doi.org/10.1103/PhysRevD.84.052008
http://dx.doi.org/10.1007/JHEP02(2012)011
http://dx.doi.org/10.1016/j.physletb.2013.10.033

Mesons
000000

Outline

@ Mesons:
° B(BG s — purp”)
e B% — K*Ou+,~ decay angles
o B! lifetime difference
e B; — J/ym /3w production and B.R.

(]
) cMs.

e
(]
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Mesons
[o] lelelele)

B(Bg’s — utpT)

- aas: ‘:w mman H}ﬁw,
g10° g i v PRI o

e E o

> F - 8 _u
@ Very rare decay g10°k v ' REE
. E F . *
@ B.R.increased by 52°¢ ©
O F Ay B
0107 g E|
NP processes e T
8108 * oo o Do ﬁ,} l‘ﬁdo ]
. . 2107 ual LHCD i E|
o StUdled SInCG a 5 El : CDF : cMs. SM: B° o T 3
I . x10°H v s o ATLAS = ey o
oM E| A Belle . E|
Very Ongtlme 10'105‘m""\H"\HH\‘SM‘:?U\THR‘\HH\;
1985 1990 1995 2000 2005 2010 2015
Year

@ B.R. determined by comparison with other channels
e BT — J/¢¥K* used as normalization
e BY — J/v¢ used as control
@ Signal/background discriminated by BDT
e Invariant mass fit in BDT-output event categories to extract
BY — ptu~ yield
e BDT-output cut to estimate Bg — T~ yield or upper limit

More infos at slide 31
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Mesons

[e]e] le]ele]

B(Bg’s — utpT)

L5 FpTev, =20

Results (full sample) PRL 111 (2013) 101804

BFE )=
@57 pa0™

B(BY — ptp~) = (3.0753) x 10-°
B(BY — ptp~) = (3.5M55) x 10710
B(BY — ptp~) <1.1x107°@95% C.L.

(R R R R R

e
s 9 10
BFE! W)

Combination with LHCb (preliminary)  owms pas spr-13-007

B(BY — ptp~) = (2.9+0.7) x 10~° (f5/f, rescaled)
B(BY — whp~) = (3.677%) x 1071

Do 1041 cor 1on” Hsm
CDF 10/ —
ATLAS 491" LHCb 3™ = —_—
preliminary
LHCb 3 [ b )
CMS 25fb " [— —_—_——
Bsm
SYSEEN S i
enseLICh CMS+LHCH|
preliminary [ \'-\ L L L L L L L L L e i L L L L L CM5,
2 4 6 8 10 12 14 16 18 20 22 1 2 3 4 5 6 V"
BB ) [107] BB’ ) [10) -
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http://dx.doi.org/10.1103/PhysRevLett.111.101804
http://cds.cern.ch/record/1564324/files/BPH-13-007-pas.pdf

Mesons
[e]e]e] lele)

BY — KOyt~ , K*© - Ktz— angular analysis

@ Arg : muons forward-backward asymmetry

@ F; : K*9 longitudinal polarization
@ dB/dg? : differential branching fraction
@ Deviations in g?>-dependence can point to NP

PLB 727 (2013) 77

@ Events divided in g bins, B® — K*9(J/+ ,4) regions removed
@ Unbinned max-likelihood fit to Kmppw mass, 9, , 9k

Loms L=52f" 5=7Tev LCms L=52f" Vs=7Tev  .CMS L=52fm” §=7TeV
<& [ +Data w? +Data | [ +Data
[ism [msm 3 msm
0.5/ E<SM> 08| H<sm> x H<sm>
3 208
T — 0.6 =
0 . Zos,
04 @
®o4
0.5 02
: 02
2| ST B I [ ST Ly I - IR TR
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18 CMS.
o* (Gev?) o* (Gev?) o* (Gev?) /

|5
More infos at slide 32
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http://dx.doi.org/10.1016/j.physletb.2013.10.017

Mesons

[e]e]ele] Je]

BY lifetime difference in BS — J/1¢

e BY, BY flavour eigenstates are
mixtures of mass eigenstates

o Lifetime difference obtained by a fit to
differential decay rates

d*T(Bs(t )
o THEWM) _ (g t;a)
© 0=1,p9

@ a =TIg, Al'g + amplitudes and phases

@ Mixing phase ¢s = 0 assumed (effect included in systematics)

Results (v/s = 7TeV) CMS-PAS-BPH-11-006

78, = (0.0450 + 0.00059 + 0.00022)cm
ATs = (0.048 4 0.024 + 0.003)ps ™!

CMS.

|5
More infos at slide 34
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http://cds.cern.ch/record/1484686/files/BPH-11-006-pas.pdf

Mesons
00000e

Bf — J/yr*(ntn~) : production and decay

@ BI carries @ Higher-order processes at production
two heavy flavours: @ c and b quark competing in decay

@ Help understanding process

@ Propaedeutic for more refined
investigations

@ Cross-section and
b.r. measurements:

: Unbinned max. likelihood fit
Results (v/s = 7TeV) CMS-PAS-BPH-12-011
LT o(Bz)xB(BF =J/ynt) _
b SRS o(BE)xB(BEJ/GKE) —
e +0.05 )
N T 0.48 £ 0.05 +0.04 _o. 03(7'50) x 10
B(BE —J/pntnta—) 40.05
o B(BE = d o E) =243+0.76 1003
20 — CMS.
R ;‘r“mf(‘sw) More infos at slide 35 "
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http://cds.cern.ch/record/1632149/files/BPH-12-011-pas.pdf

Baryons

[ Jelele)

Outline
°
°
("]
]
("]
]
@ Baryons:
@ Ay production and lifetime
e Observation of =;0 — =, 7"
°
o
"]
°
("]
]
o :EMS.
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Baryons
[o] lele)

A production

@ Baryon/meson production comparison: test differences in the
hadronization process

° /_\g to A9 production ratio: test baryon transport models
Decay channel: A) — J/yA% , A® — pr- ’PT/\,, > 10GeV, |ya,| < 2.0 \

[
o

G(/\h)/ﬂ(/\h)
o(A,)o(A,)

doldy(pp—~A, X~ JIWA X) (nb)

GaalPOWHEG  doidp, (pp—AX ~ IWA X) (nbiGeV)

Results (\/5 =7TeV, L = 1.9fb71) PLB 714 (2012) 136
o(pp — /\gX) X B(/\g — J/l/}/\o) =(1.16+£0.06 £0.12)nb

AOX
HBP2N) — 1,02+ 0.07 £ 0.09
U(ppg)/\b ) CMs.
2.2% (luminosity) and 1.3% (J/4 , A B.R.s) errors not included More infos at slide 36
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http://dx.doi.org/10.1016/j.physletb.2012.05.063

Baryons
ooeo

A9 lifetime
@ Early predictions:
7(A9)/7go > 0.90

@ Initial measurements:
lower results

@ = more refined calculations

Ty, [ps]

16— E
14 H aE|
o= * PDG 2012 average E 06
B —e— Notused in PDG 2012 average |
08— e Used in PDG 2012 average Hos
r —5— CMS - this measurement 3
L e S D O P T I L
1990 1992 1004 1006 1008 2000 2002 2004 2006 2008 2010 2012 2014

Year of publication

Decay channel: AY — J/yA®, AO — pr—

@ Simultaneous UML fit
on mass and proper time
@ B = J/yK?, KQ — mtr~
used as cross-check

Results (v/s = 7TeV)  umer o7 (201) 163
™ = (1.503 £ 0.052 + 0.031)ps

Events / ( 0.006 GeV )

5 2. [TA cms
fs=7TeV L=5Mb" | o0 ($=7TeV L=5M"

2
B

55555

TUETTTEE

75555 G
Invariant mass JpA [GeV] Proper decay time [ps]

CMS.

More infos at slide 37
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http://dx.doi.org/10.1007/JHEP07(2013)163

Baryons
oooe

® mz —m-- 3 s
- 2 225 e
expected smaller than m, 3 b
@ 201
==0 -t £ ¢
@ =" — =, n" decay 21t

expected to be allowed

—0

=b
=
o ©°
g
e

—_— —_ 0 100 200 300 400
o=, — J/ P= MOI=TE) - MOM=) - M) [MeV]
= 0. .— 310
e =" > A1 ] 3 A ——
A T S —
[+ /\O — pr S 12 Background
S ®
P 6l
Mass fit (\/§ = 7TeV) PRL 108 (2012) 252002 b
2
Q= (14.84 £0.74 £ 0.28)MeV i S ek
0 10 20 30 40 50

M=) - MQIYZ) - M(1) [MeV] ™S,
.

E=
More infos at slide 38
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http://dx.doi.org/10.1103/PhysRevLett.108.252002

Quarkonia
0000000

Outline

o
o
@ Quarkonia:
e Double J/v production
e J/v,4(2S), T(nS) polarization
@ X¢, Xxb production

]
° M.

] 5
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Quarkonia
(o] lelelele]e]

Double J/¢) production

Cross section measured vs:
@ J/vyd /v invariant mass

e J/ud/vy total pr
o Ay

Production of J/v pairs:
@ double-parton scattering
@ color-octet states

I
2
T

do/diy| (nb)
i

T T T ™3
CMS Preliminary

T T T T T T T T T
_‘_ CMS Preliminary CMS Preliminary
' "' |

o
T

doldp

+
_‘i

_|_
.

3
9
8
T
=
o
T
I

do/dM,; (nb/(GeV/c?)
7
-
L
(nbi(GeVic)
L3

1

»-

5
T
I

_i—_[i 05 9
0.02 == o +
Il Il Il Il Il Il Il Il Il L W ws e s s brrrrs 4 + Il Il Il
0 10 20 30 40 50 60 70 80 0 5 10 15 20 25 30 35 40 0 05 1 15 2 25 3 35 4
M,, (GeV/c?) p’TJ (GeVic) | Ay | between J/y

No excess in 7, mass region; DPS hintat Ay > 2.6

Total cross section (v/s = 7TeV ) cus-pas-8pH-11-021
o(pp — J/vd/¥X) =(1.49+0.07 + 0.14)nb

CMS.

|5
More infos at slide 45
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http://cds.cern.ch/record/1633400/files/BPH-11-021-pas.pdf

Quarkonia
[e]e] lelele]e]

Xc2 VS X1 relative production
P-wave charmonia:

e feed-down contribution to J/+ production %:: ﬁcg%ejgrev
@ relative production sensitive to singlet/octet .. toceute o)
production mechanisms ook
@ reconstructed in the channel x. — J/¢y so-
followed by the photon conversion TR

My = My + My, [GeVic?]

a(xc2)/0(xc1) (/S =T7TeV) epic otz 722251

Measured vs. pr .y for [y, /4| < 1.0 @ Prompt J/+ selected

by flight distance

oF T e @ Different polarization
‘0.8F LR Zlost Eﬁfrcnz)ugc@%a):: iR scenarios assumed
0.7  —k; factorization 07F —— (1, .

.6 \ .6F T . . .
ook ook - @ kr factorization: predicts
oot | odk = trend, factor 2 higher

yi (/)] <1.0, p_(y) > 0.5 GeV 0.2 .
?).217 ‘(rr(\xu:r)\j( )= (o,n;; : 0.1 ‘j;{,’j!,;lej Prl)>0 o N RQC D . com patl bI e cMs.
0.0 | . 0.0 L L L 2

L Il
10 15 20 25 20 25 . . 5
p,QMp)Gevic] P, (QM[GeVic] More infos at slide 46
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http://dx.doi.org/10.1140/epjc/s10052-012-2251-3

Quarkonia
[e]e]e] Jelele]

xb2(1P) vs xp1(1P) relative production

Very challenging measurement (m,,, — m,,, = 19.4MeV)

(xb2)/0(xb1) (v/S = 8TeV) cuseaserriaoos ELENNNRERHI
o -+ pp, S:BTiV
Same technique used for o(xc2)/o(xc1) | B e
yrasyl <1.5,n,]<1.0

g‘rg}w* B ;T‘ ;i ]
i CMs Preliminary J §§ A CMs Preliminary | i 1
pp (5=8Tev 1 —~y~ pp fs=8Tev 1 q
1of L=207® J BIF L=207m" ] ]
] 08— - E - : ]
Bl ] Bt a0 10 3
r | ] 8.7 975 98 985 99 995 10 10.05 10.
osf- + E o8- + l [ B My iy [GeV]
I 1 No significant
04 Iy(¥)I< 1.5 3 Iy(¥)l< 1.5 ]
| RSN B mi=t, 1 pr dependence observed
T s e e FURN N R N R N
() [GeV] P (Y) [GeV]
CMS.
e
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http://cds.cern.ch/record/1633613/files/BPH-13-005-pas.pdf

Quarkonia
[e]e]ele] lele]

Quarkonia polarization

@ Quarkonium production in hadron collisions not yet fully settled
@ J/v polarization description in NRQCD:

e purely perturbative color-singlet production
e nonperturbative transitions from coloured quark pairs

@ S-wave states predicted to be transversely polarized
@ Small longitudinally polarization observed by CDF

W(cos 9, p|X) = mﬁ + A\ cos? ¥
+ X, 8iN% 9 €08 2¢p + \yg,,8iN20 COS )

Polarization frames: HX(helicity), CS(Collins-Soper), PX

production plane y

“Invariant polarization parameter”: | /

‘ o |
W / |
X = 2ot | e
1= % b;
| -
‘ ; ;
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Quarkonia
0000080

T(1S), T(2S) and T(3S) polarization

Parameters fit(/s = 7TeV) PRL 110 (2013) 081802
Events divided in pr and rapidity (y) bins: |y| < 0.6,06 < |y| < 1.2

1 Y(1S) Y(2S) Y(39)
o] i
NN ) g ¥ g o | o
o
08| flos
tes o % ks & g
AfCMS pp WS=7Tev L=49fb" HX frame, y| < 0.6 ) B §  § } ¥
oatala it U s Y(S) Y(2s) Y@ | P MERMEE Rt
Tot tneert: 9588 6L
02} ot tncert 387 %0 cL | I
A e Pd ] §
o Obfra 3 Wi ¥ ¥ ¥y A ¥ & [ty
02| L | H
vus.00<pi<zz ves00<yi<1z ve9.00<y1<12
04 TR B k& R RR bR ow kW RE % k&
BRSSO e by b o0 e ol
04 Y(s) Y(28) Y(3S)
02
A ’ ¥ + ¥ Il } CMS pp\s=7TeV L=4.91b" HX frame, Iyl <0.6
i 2 ol Bs i s %7 COF pp =196 Tev
02 : Y(3S)
04 L
115 20 2 30 3 40 45 10 15 20 25 ® % 4 4 10 15 20 25 0 3 4 5 05]
b, [Gev) b, [Gev) p, [Gev]
< £+ Ay ¥ S
os 4
N G 13— CMS, tot. uncert, 68.3% CL
—+— CDF PRL 108, 151802 (2012), tot. uncert., 68.3% CL.
-1.54 —— NLO NRQCD at \/s = 1.96 TeV, PRD83, 114021 (2011)
25 s 05 NNLO* CSM at \/s = 1.8 TeV, PRL101, 152001 (2008)
i e S 10 15 20 25 30 35 40 45 8
S + jeh g Py 1Ge CMs.
g o i a5 5 T a5 o5 Iy 2
. ) ) . .
More infos at slide 47
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http://dx.doi.org/10.1103/PhysRevLett.110.081802

Quarkonia
000000

Prompt J/¢) and ¢(2S) polarization

Parameters fit(/s = 7TeV) PLB 727 (2013) 381
@ Analysis similar to bottomonium

@ Charmonium from B decay separated by
flight distance

HX frame:

15 =TTy

CMS pp (E=7Tev L-a9fb

IS +%+,L+A*+ ) *%L | l
T ¥ + ' !

wis) Tockane W) W)

M yI<06 wes) yi<06
E Y

E]

|5
More infos at slide 50
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http://dx.doi.org/10.1016/j.physletb.2013.10.055

Exotica
@0000

Outline

"]
]
("]
@ Exotica:
e X(3872) production
e Search for X, — T(1S)n 7~ os
e Observation of peaks in B* — J/1pK* =
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Exotica
(o] Telele]

Heavy flavour exotic states

Unexpected heavy charmonium states )

@ X(3872) first observed in BT — J/yK*tnt7~ decay
@ Their nature is not well understood

@ Interpreted as tetraquark or hadronic molecules

@ Bottomonium partners are looked for

CMS.
-
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Exotica
[e]e] Tele]

X(3872) production

@ X(3872) first exotic charmonium seen

@ Reconstructed at CMS in the channel X(3872) — J/yrtn™
@ Cross section measured as ratio to (2S) — J/yrtm™

@ Prompt-nonprompt components separated by flight distance

Mass fit (\/§ = 7TeV) JHEP 04 (2013) 154

Unpolarized JFC = 1+ state assumed

o X(3872)+ B(X(3872)—=J/ntr—)
R = S ey ) = 0.0656 + 0.0029 + 0.0065

T 0.1:
3 100~ AR . "ons \E= 7 Tev s st Tows E-7Tev ]
= 10<p <50Gev S 011F L=48m7 41 B L=48Mt
w W<12 total it <12 £ <12
> -~ background 01k 3 =
o 8o signa ] - & 04 9
s El 0.09F i g
S 60) ] < 03l
< 0.08F 3 % + _}_
o A g
40 1 \ 1 oorf 3 5ot E
3 e s
e GV 0.06H] { 1 §
20 Z 01 B
0.05F E
9 L L Lol | \ | . .
3.6 3.7 38 3.9 4 005 20 30, 40 50 1o 30 40 50 ™5
m/y ') [GeV] p, (I ¢ 1) [GeV] p, (I ¢ 10) [GeV] 2

|5
More infos at slide 54
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http://dx.doi.org/10.1007/JHEP04(2013)154

Exotica
[e]e]e] o]

Search for X, — T(1S)r "7~

@ Bottomonium-state looked for in the final state T(1S)r+ 7~
as a counterpart of X(3872) — J/yntm

@ T(1S) combined with 2 opposite charged tracks
@ Common vertex reconstructed

Results(y/s = 8TeV) PLB 727 (2013) 57

D e TS < (0.9 + 5.4)%095%C. L.

By T T T T T ™ T
£ o000 Y(25) ¥(35) CMS Preliminary3 3 m} WA ?MS Preliminary
s - g 10! 2 =8Tev
2 Bowo ' ' ﬁ’z‘; ;E't, & 107 V" cms preliminary 5 g
£ 7000 = ig,, Vs=8Tev ‘o
£ o0 ry>1sseev 0 L2071 E
5 vl<12 10 ; L
5000 5
8 107 L
4000 109 o -
109 LS 60 SL
3000 1079 p—— Observed e e I
2000 10M F....... Expected for R=6.56% 70 e
1000 10 10
0%
. . . . . . o , . i i i i
) 10 102 104 106 108 11 bt 02 104 106 1 10 02 104 106 108 1
My a5y [GEV] M, [GeV] My, [GeV] M.
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http://dx.doi.org/10.1016/j.physletb.2013.10.016

Exotica
[e]e]e]e] ]

Peaks in Bt — J/y¢pK*

@ Y(4140) evidence reported by CDF in B* — J/y¢K* decay

@ J/4 reconstructed and combined with 3 charged tracks with total
charge ¥;q; = +1

@ Lowest-mass KK~ pair compatible with ¢

@ Fit Ap=m(utu KTK~) — m(u*p~) distribution

Results(/s = 7TeV) anxiv1309.6920 [ERCENCEARHES LIRSS ,
yield Am(MeV) & o Ry ey

low 310 + 70 1051.3+24 | &” | e g:mm—
high 418 +170 1217.1 £5.3 ._ J‘r + ++
m(MeV) r(MeV) o] g ﬂi """ .

low 4148.0+24+63 28"13+19 - SRSy
high 4313.8+53+7.3 38750+16 ’ © amiGeV)

CMS.

|5
More infos at slide 55
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http://arxiv.org/pdf/1309.6920v1.pdf

Conclusions
[ ]
Conclusions

@ CMS has produced several results in HF physics
e BY decay to utp~ has been observed
@ Angular analysis in Bg’d decays performed to probe for NP

@ Baryon production, lifetime and spectroscopy give information
about HF hadron properties

@ Heavy quarkonia cross sections and polarizations give
informations about production mechanisms

@ Study of exotic heavy quarkonia is going on

CMS.
-
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, Bs production

B+ BO Bs

m T T s
< 10E CMS s =7 TeV 3 —— cusdata (@
3 L=58pb" 3 Pythia 6 (MSEL = 1, CTEQ6L1, 22) =
8 BF (3.5%) and Lumi (11%) uncertainties not shown g, ——om (a)
3 = ——— MC@NLO (CTEQSM, m, = 475 GeV) 3
2 19 9 PYTHIA (USEL 1, CTEQSLL 22 wiing)
= 9 MC@NLO total uncertainty s ¢ “ o
T a g o o
N 2 £ MeanLo CTEaM.m = 475 Geve)
v z 5
= F % b P a—
R i o "
X 1+ F =
() a s f CMS \5 =7 Tev
& s r
L El 20 Lo
& PYTHIA (e 1, 0, cTECELY) ERE]
o MG@NLO (cTEQEM,m, = 475 60w i 3 e
[ A" b FoooMSNe=TTv o s £
107 L cws oata r t=a0pp’ = F
E . . Branching fraction (3.8%) and Luminosity (¢%) uncertainties notshown | € - BF (30%) and Lumi (4%) uncertainties not shown
5 10 15 20 25 = - . S L - - e L | | L L L |
. 10 15 20 25 30 35 L T R R R R RN R
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— JJPKE = ptpum KE)

CMS-L=5M" f5=7TeV,L=201" =8 Tev

Reconstructed
invariant mass

S/(S+B) Weighted Events / ( 0.04 GeV)

— il PoF
-

W
Corbnatorial bkg
semieptonic bkg

=== peaking

— 1l POF
[SNLn

el
combinatorial bkg
semieptonic bkg.

S/(S+B) Weighted Events / ( 0.04 GeV)

S e RN
957551752 53 54 55 56 57 58 59 8555152 53 54 5556 57 58 59
m... (GeV) m.. (GeV)
CMS__ L=20f" (f§=8Tev) CMS =20 (5=8Tev)
> 03F > 2
8 Barrel CMS simulation & 200 Barrel CMS simulation
10 0.250 B KK 0 18 8- Ky
8 Oe - k' S 14 e - wuy
S oz O - e g B’ -
7l T @ 14 e - v
g e - K g W - ki
. < o1sf e - g 12
Background: 2 e - g
0.1 b= P
peaking + non-peaking ° o ° o
0.05f 4
2]
Lo, . d
5 52 54 56 58 5 52 54 56 58
m,, [GeV] m,, [GeV]

Back to main slide 8

CMS results on flavour physics

CMS.



BY — KOyt~ , K*© - Ktz— angular analysis

1 dr — 9 Jr2 4 2
rdCOSﬂdeOS’&/dq2 = 16 {[éFS + §AsCOSﬁKi| (1 — COS '19[)

+(1 — Fs) [2F, cos? ¥k (1 — cos? )
+3(1 — F)(1 — cos? 9k)(1 + cos® ¥))
+3Ars(1 — cos?vk) cos V)] }

As , Fs : parameters describing K7~ system S-wave contribution
and interference

Differential B.R. determined by taking B(B° — K*0J /)
as normalization:

dB(B° K utpu~) _ Ys ey dB(B°—K*0J/9)
dg? ~ Ynes dg?

CMS.
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BY — KOyt~ , K*© - Ktz— angular analysis

Comparison with
other experiments
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BY lifetime difference in BS — J/1¢
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Bf — J/yr*(ntn~) : production and decay
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Ap production

2
Tsallis function: 1 ¥ — C,_ 1+@
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A9 lifetime

A, lifetime

—.— CMS. (2011) JIpA

—.— ATLAS  (2011) J/PA
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=~ masses:

Candidates per 0.8 MeV
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J/v , ¢(2S) production

2

Charmonium sources:
@ prompt-direct
@ prompt-indirect

Events / (0.03 mm)

@ non-prompt

2

Gis R Trev
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— total fit
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Fit pull
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2 2
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@ Simultaneous fit to invariant mass and flight distance in pr, y bins J

@ Acceptance computed in unpolarized scenario

muon acceptance
Inu| <1.2: pr, > 4.0GeV
1.2 < |n.| <24 : pr, >3.3GeV

J/¢ ,(2S) cross section
integrated over |y, ns)| < 2.4
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CMS.
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1(2S) acceptance-corrected cross sections

prompt J/y - 'y, corrected for acceptance

on-prompt Ay . i, corrected for acceptance
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J/v , 1 (2S) fiducial cross sections

prompt J/ - 'y, uncorrected for acceptance non-prompt Ay - 1, uncorrected for acceptance Prompt Y(25) -« " i, uncorrected for acceptance
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T(1S), T(2S) and T(3S) production

@ Similar analysis as J/v ,(2S)
@ Simultaneous fitforn=1,2,3

muon acceptance

nu| < 0.8: pr, >3.75GeV| | T(nS) cross section integrated

0.8 <|nul <1.6:pr, > 3.5GeV over |yr| < 2.4, prr < 50GeV
1.6 <|nul <24 :pr, > 3.0GeV

CMS.
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T(S), T
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(2S) and T(3S) acceptance-corrected cross sections
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T(1S), T(2S) and T (3S) fiducial cross sections
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Double J/¢) production
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Xc2 VS X1 relative production

“Pure” cross-sections (divided by B.R.),

assuming unpolarized production
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T(1S), T(2S) and T(3S) polarization
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T(1S), T(2S) and T(3S) polarization

CS frame
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T(1S), T(2S) and T(3S) polarization

PX frame
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Prompt J/¢) and ¢(2S) polarization
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Prompt J/¢) and ¢(2S) polarization
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T(1S), T(2S) and T(3S) production

Bottomonium cross-sections:
acceptance computed according to measured polarization
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http://cds.cern.ch/record/1548008/files/BPH-12-006-pas.pdf

T(1S), T(2S) and T(3S) production
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X(3872) fiducial cross section
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Peaks in Bt — J/y¢pK*
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