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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
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Introduction
oe

Compact Di-Muon Solenoid?

Data samples
@ /s=7TeV,L= 5fb" (2011 run)
@ /s=8TeV,L£=20f"" (2012 run)

All shown results involve di-muons |

@ With definite invariant mass (J/¢, T) ...

CMS prefiminary L=s2m’ E=7Tev

Events / (0.02 GeV/c?)

s /(0,028 Gevic )

Event

L L
25 3 35

4 25 08 1
W i invariant mass (GeVic?) Dimuon mass [Gev)

° ...ornot (B® — K*0ut ™)
@ Useful to reduce trigger rate
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Mesons
@®00000000

@ Mesons:
° B(Bgs—p'u)
e B — K*0u*;~ decay angles
o B! lifetime difference
e B; — J/ym /3w production and B.R.
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Mesons
000000000

B(Bg’s — utpT)

ipfto - i3k

@ Very rare decay gi; : S S S
e B.R. possibly El IR
increased by Sl S
NP processes %10 . fi
@ Studied since a g Tl DAk [seslnn T
very long time 1wk i ]

B.R. determined by comparison with other channels

@ Bt — J/yK* used as normalization
e BY — J/+¢ used as control

B(BY s — putp™) = gt am e BB — J/pK* - it um K*)

— Narm €sig ld,s

fs/f, = 0.256 + 0.020 from LHCb pHep 04 2013) 001)


http://dx.doi.org/10.1007/JHEP04(2013)001

Mesons
[e]e] lelelelelele)

B(Bg’s — utpT)

Signal/background discriminated by BDT |

@ Invariant mass fit in BDT-output event categories to extract
BY — utu~ yield
@ BDT-output cut to estimate Bg — ptu~ yield or upper limit

Reconstructed Background:
invariant mass peaking + non-peaking
L CMS-L=5m'=7Tev.L=20m*F=8Tev . OMS-L=5mfE=7Tev.L=20m" F=aTev cMs L=201" (5=8TeV) CcMS L=20f0" (5=8TeV)
e 3F 3% 3
H S [0} Barrel & 200 Barrel CMS simulation
E SH 10 0.25F 0 g [mEE
= = g S e -y
2 ] = S 14 o
2 g S oo = 0 -
H 5 2 7 A
2. s g g
| g S o5 £
3 3
H 2 a1 6!
ER g L 0.05F 4
2]
T JIAN L L L o
49 5 51 52 53 54 55 56 57 58 59 5 52 54 56 58 5 52 54 56 58
m,, (GeV) my, [GeV] m,, [GeV]
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Mesons
[e]e]e] lelelelele)

B(Bg’s — utpT)

Results (fU” sample) PRL 111 (2013) 101804
B(BY — ptpu~)=(8.07)J) x107° S=430
B(BY — utp~)=(3.533) x 10710 S =2.00
B(BY — ptp=)<1.1x107°@95% C.L.

Combination with LHCb (prL 111 (2013) 101805) (preliminary)
B(Bg —utuT)=(2.9+0.7) x 109 (fs/fy = 0.259 £ 0.015)

B(BY — ptp~) = (3.671%) x 10710

L5 0 (e v, 20

BFE°-1'u)=
@870

CMS PAS BPH-13-007

DO 10,41 P— sM
CDF 10m”' |- —_—
ATLAS 491" LHCb 3™ = —_—
LHCb3M ™' = e -
CMS 25fb ' [— —_—l
BsM
oM 25 (= e
CMS+LHCD
CMS+LHCh reminary [~ —_—
prelimsinary [~ ] Himinary
I T T T T T T T 1 . . , I
2 4 6 8 10 12 14 16 18 20 22 1 2 3 5 6

BB ) [107]
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http://dx.doi.org/10.1103/PhysRevLett.111.101804
http://dx.doi.org/10.1103/PhysRevLett.111.101805
http://cds.cern.ch/record/1564324/files/BPH-13-007-pas.pdf

Mesons
[e]e]e]e] Telelele)

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

%dcosﬂk‘fw = 2 {[2Fs+ 3Ascosvk] (1 — cos® V)
+(1 — Fs) [2F, cos? 9k (1 — cos® 9;)
+3(1 = F)(1 — cos? 9k)(1 + cos® 9))
+3Ars(1 — cos® k) cos 9/ }

@ Ags : muons forward-backward asymmetry

@ F, : K*® longitudinal polarization

@ Fs,As: Ktn~ system S-wave contribution and interference
@ dB/dq? : differential branching fraction

@ Events divided in g2 bins, B® — K*0(J /v ,4) regions removed
@ Arg, F. from unbinned max-likelihood fit to Mk, , U, , Uk
@ B — K*0J /v decay used to:

o fit FS y As

o normalize B.R.: SBE=KAIAT) _ Yo anp(B0 —, K0 /1))

More infos at slide 25
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Mesons
[e]e]e]e]e] lelele)

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

Results (v/s = 7 TeV)

PLB 727 (2013) 77

@ Arg, Fi, Fs,Agin B® — K*0(J/+) ,4)") decays compatible with
world averages

@ Parameter dependence on g compatible with SM predictions at
low and high g2

@ No reliable prediction in the region between J/) and v/

cms L=521"

Vs=7TeV ,cms L=52f" /s=7TeV _.CMS L=52m" Vs=7TeV
< +Data w? f +Data | T °[ 4Data
[sm [sM 3 4 Osm
o5/ H<SM> 038 m<sm> | § H<SM>
E3 208"
b il 0.6 =
i b Zos
T T
04/ ]
[ o4
0.5 0af
“t 02F
b | L ok | | | L
2 4 6 8 10 12 14 16 18 4 6 8 10 12 14 16_ 18 2 4 6 8 10 12 14 16 18
a*(Gev?)

q* (Gev?) q*(Gev?)

More infos at slide 25
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http://dx.doi.org/10.1016/j.physletb.2013.10.017

Mesons
000000800

BY lifetime difference and CPV phase in BY — J/v¢

@ Unflavoured final state:
e direct and mixing-mediated decays
@ interference: phase ¢
@ Non-definite CP final state:
e admixture of CP odd and even
e components disentangled by angular
. analysis: © = 3,0,
TTE) >-0fa.cn-g(e)

Oi(a, ct) = N;e~ /7 [ajcosh(J AT sct) + by sinh(3 AT sct)+
ci cos(Amsct) + d;sin(Amsct)]

@ o parameters: A} , Ay, A, As, 01 ,00,9),0s
@ || : direct CP violation
@ ¢ginside b;, a; ; BS decay described by switching ¢; , d; sign

More infos at slide 26
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Mesons
000000080

BY lifetime difference and CPV phase in BY — J/v¢

Flavour tagging:

@ search for a second b-hadron in the event, decaying
semi-leptonically

@ charge-flavour correlation diluted (cascade, oscillations, ... )
@ tagging efficieny: ejag = (7.67 & 0.04(stat))%

@ mistag fraction: w = (32.2 + 0.3(stat))%

@ PDF modified to include tagging information in ¢; and d;

— 02
CMS Preliminary —— 68%C.L

Mass difference constrained to world BowE Qe memey TSN

PR 95% C.L
L 016

0.08F

average: Ams = (17.69+0.08) ps~! S
Results (\/g =8 TeV) CMS-PAS-BPH-13-012 006

No direct CP-violation: |\| = 1
¢S = (_003 :I: 01 1 :I: 003) I'ad oozi
Ars — (0096 :l: 001 4 :l: 0007) ps_1 be 05 0s 01 0 0l 02 05 0405

[} [rad]
More infos at slide 26
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http://cds.cern.ch/record/1744869/files/BPH-13-012-pas.pdf

Mesons
0O0000000e

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
? to mass distribution

Results (v/s =7 TeV) CMS-PAS-BPH-12-011

BTSN S et
Jhgre mass (Gevie?)

o(BF)xB(Bf —»J/yr*) _
o(BE)xB(BE—=J/yKE) —

(o 48 + 0.05 + 0.0410 05(750)) x 1072

~0.03
B(Bf —»J/yrtntn—) 40.05
L) — 2434076588

BIET e
Siprerent mass (Gevich

More infos at slide 28
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Quarkonia
000000

Quarkonia

°
("]
]
o
("]

@ Quarkonia:
e J/v,¥(28), T(nS) polarization
e Prompt J/4 , ¥(2S) production
e Double J/v production
@ xp production

°
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Quarkonia
(o] lelele]e]e]

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 [prv 99 (2007) 132001]
@ T polarization: contradictory results
from CDF [PRL 108 (2012) 151802] and DO [PRL 101 (2008) 182004]
W(cos ¥, ¢|X) = grgyy (1 + Ay cos®
+, 8in% 19 cOS 20+ Ay, SIN 209 COS )
Polarization frames: HX(helicity), CS(Collins-Soper), PX

production plane y

“Invariant polarization parameter”: | /

. S
\ / \
)\ Aﬁ+3)\ | 'n:'/':n' | %XICS |
= — | 3 X | f
=2 | o | / b,
i | / qr

L | ! e\
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http://dx.doi.org/10.1103/PhysRevLett.99.132001
http://dx.doi.org/10.1103/PhysRevLett.108.151802
http://dx.doi.org/10.1103/PhysRevLett.101.182004

Quarkonia
[e]e] lele]e]e]

T(nS) and prompt ¢/(nS) polarization

Parameters fit (\/E =7 TeV) PRL 110 (2013) 081802 , PLB 727 (2013) 381

@ Events divided in pr and rapidity (y) bins:

e J/Y,T(nS) :|y|<06,06<|yl<12
e (2S) Dy <06,06<|yl<12,12<|y|<15

@ Charmonium from B decay separated by flight distance

@ Dimuon mass fit in each region to estimate background fraction
@ Background angular distribution taken from sidebands
@ Efficiency estimated event by event

PR =11€ (B).A) & & (B B) = i Wlcos v, ¢ |X)e(y. 2)

cmMs pp f5=7Tev L=491b" @cs cMs E=7Tev L=49M" ocs
3 LI BTN - I + o
. Dot b bho 4 P obote e b t
¢ ¥ + Fg f LA i + +
i os +
& 3 ot M yl<os wes) vl My 0s<yl<iz Yes) 0s<yl<1z
4 5 20 30 40 E 60 70
ves,o; 2 b, [Gev]

ERE I EE.
P, [GeV]

More infos at slides 29,33
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http://dx.doi.org/10.1103/PhysRevLett.110.081802
http://dx.doi.org/10.1016/j.physletb.2013.10.055

Quarkonia
[e]e]e] Jeele]

Prompt J/¢ , ¥(2S) production

Jhp
30<p, <32 GeV
06<lyl<09

New measurement of dz"(%p%;ff”s))
with 2011 data (integrated luminosity
100 times higher than in 2010)
@ Muon acceptance:
nu| < 1.6, pr, > (3.0 +4.5) GeV
@ J/v , 9(2S) acceptance: |y, ns)l < 1.2
e 15 < pr < (75+95) GeVin 4 |y| bins
e 15 < pr < (100 =120) GeV
integrated over |y|

Events /20 um
3 3
=S8

Events /20um
3

Cross section fit (\/E =7 TeV) cwusrassrH-14011 B J | et gt on)

@ Simultaneous fit to invariant mass and
flight distance in pr, y bins

@ Acceptance in several polarization [ p—
scenarios: AiX = —1,0,+(0.1,0.03), +1 T
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Quarkonia
[e]e]e]e] Tele]

b, ¥(2S) production

Cross section computed assuming unpolarized production:
results directly comparable with other measurements

> >
g 1 CMS Preliminary 8 1E CMS Preliminary
3 E pp (s=7Tev 3 E pp (s=7TeV
s T L=49fb" S T L=491b"
310" 310" [y
- F - F
% E m —e— lyl<03 % E m - lyl<1.2
< = - 0.3<lyl<0.6 < -
8 102 o~ 06<lyl<09 | B 107
o F = 09<lhi<12| o F '.‘
10 0% o %,
E B E . .
C [ C .
1ot wE@s) BS L e . L
e ——
F = —— F - —.—
sl sl
0°E - —— 10°E - .
C c ——
10 Luminosity uncertainty 10° Luminosity uncertainty .
E  of 2.2% not included E of 2.2% not included —
Coevw b e b v by v b Ly Coev v b v b v e b v b by
0 40 60 80 100 120 0 40 60 80 100 120
p,[GeV] P, [GeV]

More infos at slides 38,39
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Quarkonia
0000000

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
or
9
8

T
=
o

T
I

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

doldp

+
_‘i

_|_
.

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 (/s = 7 TeV)  cwus-pas-spH-11-021
o(pp — J/vd/X) =(1.49+0.07 +£0.14) nb

More infos at slide 41
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http://cds.cern.ch/record/1633400/files/BPH-11-021-pas.pdf

Quarkonia
000000

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

P-wave quarkonia: £ S
. . . 3150:—7 GeV<p (Y)<11GeV pp, 15=8Tev
@ feed-down contribution to 1S state production & _; L=207?

@ relative production sensitive to singlet/octet
production mechanisms

@ reconstructed in the channels
Xe — J/1 [Eryc 12 722251, xp — T(1S)y WL
followed by the photon conversion §ieETRe e se e g o

a(xp2)/o(xp1) (/S =8TeV) cusraserH-13005 ST SENNENEENE cMsPI N
m,,, — My, = 19.4 MeV : "l

Yras)l <1.5,n,[ < 1.0 + %%’

No significant ]

pr dependence observed ) S

10 15 20 25 30 35 40
p,(Y) [GeV]
More infos at slides 42,43

P. Ronchese - CMS Recent flavor physics results at CMS - 19


http://dx.doi.org/10.1140/epjc/s10052-012-2251-3
http://cds.cern.ch/record/1633613/files/BPH-13-005-pas.pdf

Exotica
[ JeJele]

Exotica

°
o
o
o
o
)
o
o
o
o
@ Exotica:

e Search for Xp — T(1S)n+ 7~
e Observation of peaks in B* — J/1¢pK*
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Exotica
0@00

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
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Exotica
[e]e] o]

Search for X, — T(1S)r "7~

@ X(3872) first exotic charmonium seen, in the channel J/yr 7~
[PRL 91 (2003) 262001, PRD 71 (2005) 071103, PRL 93 (2004) 072001, PRL 93 (2004) 162002, JHEP 04 (2013) 154]

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

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

Results (\/§ =8 TeV) PLB 727 (2013) 57
+
a(pp—=Xp—=T(1S)r 7—) (0.9+5.4)% @ 95% C.L
sopoTEs) oISy < (0.9+5.4)% % C.L.
E 9000 ves | ves " oms Prefminag 2 1 ,—V\}—vv ' v . £ [ [cuspreiminary
g 4 / 5 |
% 8000 1 ' EZBTGV] & 107 VcMs preliminary 4 9 Si0t A hiad
§ o0 L=zt o GosTev s -
£ 6000 P, >135GeV 0 e I
& so00 <12 10°
107
4000 10° P N
3000 100 F— obsorved s
2000 10M F ....... Expected for R=6.56% e
1000 }glz
% 1‘0 1d 2 10‘ 4 10‘.5 1(; 8 1‘1 10 “1 10‘ 2 10‘ 4 10‘ 6 10.8 1 10 10‘ 2 10‘ 4 10‘ 6 1 ) 1
My 1ym [GeV] My, [GeV] M, [GeV]

More infos at slide 44
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http://dx.doi.org/10.1103/PhysRevLett.91.262001
http://dx.doi.org/10.1103/PhysRevD.71.071103
http://dx.doi.org/10.1103/PhysRevLett.93.072001
http://dx.doi.org/10.1103/PhysRevLett.93.162002
http://dx.doi.org/10.1007/JHEP04(2013)154
http://dx.doi.org/10.1016/j.physletb.2013.10.016

Exotica
[e]e]e] )

Peaks in Bt — J/y¢pK*

@ Y(4140) evidence in BT — J/1y¢K* decay reported by CDF

[PRL 102 (2009) 242002]
@ J/v reconstructed and combined with 3 charged tracks with total
charge ¥;q; = +1
@ Lowest-mass K™K~ pair compatible with ¢
@ Fit Am=m(u"p~ Kt*K~) — m(utp™) distribution

Results (v/s = 7 TeV) PLe 734 (2014 201 [NENETNCRAAEE L
yield Am(MeV) | &7
low 310 + 70 1051.3+24 | &7
high 418 170 12171+£53 | |
m (MeV) [ (MeV)
low 41480+24+6.3 2871°+19 c
high 43138+53+73 38%30+16 0T e

More infos at slide 46
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http://dx.doi.org/10.1103/PhysRevLett.102.242002
http://dx.doi.org/10.1016/j.physletb.2014.05.055

Conclusions
[ ]

Conclusions

@ CMS has produced several results in HF physics
o BY decay to utp~ has been observed
@ Angular analysis in Bgd decays performed to probe for NP

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

@ Study of exotic heavy quarkonia is going on
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BY — KOyt~ , K*© - Ktz— angular analysis

CMS preliminary L=521b" V;:rrev
o 1p
<osf
Comparison with 06F | A Hl "
0.4F !
other experiments 02 M {j g1 i
O i
-0.2f ’Tl @su
[PRL 103 (2009) 171801, PRD 86 (2012) 032012, ok “ous
4f s
E = Atlas
PRL 106 (2011) 161801, PRL 108 (2012) 081807, EZ* +:‘:ﬁ:r
SeE CcOF
JHEP 1308 (2013) 131, ATLAS-CONF-2013-038] B B o e v T T
q° (Gevic’y
CMS preliminary L=52fb" V:: 7Tev CMS preliminary L=52fb" V;: 7Tev
- l: r‘v’\ 1.27 s
0.8 { [ ecwms
£ © 1F =LHch
' PR I 0 e -
0.4 ' { | HI I ﬁ}‘ ~08F . cor ‘
02f } 1 "s ol * H‘
of St
[ dsm oL 1 l H
oaf 2o, o M [
[ -+ Atlas o n ‘
0.4~ = BaBar T o02F
F -+ Belle r
705? Il coF Il Il il L L L L 07 Il L Il Il 1 L L L L
2 4 6 8 10 12 14 16 18 2 4 6 8 10 12 14 16 18
q2 ( GeV/c2 )2 q2 ( GeV/cZ )2

Back to main slide 8
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http://dx.doi.org/10.1103/PhysRevLett.103.171801
http://dx.doi.org/10.1103/PhysRevD.86.032012
http://dx.doi.org/10.1103/PhysRevLett.106.161801
http://dx.doi.org/10.1103/PhysRevLett.108.081807
http://dx.doi.org/10.1007/JHEP08(2013)131
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-038/

BY lifetime difference and CPV phase in BY — J/v¢

L = Ng-(f(©,a,ct)® G(ct,o¢) - €(©)) - Ps(mp,) - Ps(oct) - Ps(¢))+
Ngg - Pg(cos 01, ¢7) - Ppg(cos ¥r)-
Pgg(ct) - Peg(msg,) - Peg(oct) - Pea(¢)

muons electrons
étag (4.55+0.03+£0.08)% (3.26+0.02+0.01)%
w (30.7+0.4+0.7)% (34.8+0.3+1.0)%

= 4500 T T T T T

g CMS Preliminary .

2

S 4000 5og Tev =20

; 3500/
2 3000

EE

@ 2500/

1 2000

1500}

1000}

1 sy

L Il Il L - " "
1 2 3 4 5 6 7 8 9 1
Proper decay length uncertainty [om]

Back to main slide 10
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BY lifetime difference and CPV phase in BY — J/v¢

Ao[? 0.511 £ 0.006 + 0.012
|Agl? 0.015 +0.016 + 0.022
A2 | 0.242+0.008 +0.012
5[rad] 3.48 £ 0.09 + 0.68
s[rad] 0.34+£0.24+£1.12
Ssllrad] | 2.73+0.36+0.66
cr{um] 4473+3.0+35

IR
Cw& praiminary

[fs=8Tev L2010

P T
g CM& Praiminary
S 120058 Tev 1201

103060402002040605 1 -3 -2 -1 ) 1 2 3 1UBOGU4UZGOZU4UGGE 1
06, ¢, Irad) cosu,

Back to main slide 10
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Bf — J/yr*(ntn~) : production and decay

<2400 525000 T T
3 2200F CMS Preliminary % CMS Preliminary
. . S 0000 PB)>15Geve pp.E =7 Tev H pp. 5 =7Tev
Eff I ) yE <16 L=511b" 1320000 L=s1t
IClency correcied yie Sigr U g
£ 1600F g
75, = 0.452 £ 0.032 ps
Bc . . 2 3
81200 g
$1000 10000
2 800 2
> >
§ 600 §
5 400 g S0 |, )5 156evic
T 200 3 o Iy(8))| <16
Loy LB I I I I
88759 6 61 62 63 64 65 66 6.7 61 62 63 64 5 66
e mass (GeVic?) JIPTETETE mass (GeVic?)

mtrtn=(a1(1260)?) , 77 (po(770)?) mass projections

3 40 CMS Preliminary Saok CMS Preliminary ©MS Preliminary
3 2 pp, 15 =7 Tev
230 g L=51fb!

8 8

T T
e
e

d
8
T

] ++ + A 20+ H»+ T
M sty B
%W T T

=S|
L

) N T P P TR T Lol
25 3 02 04 06 08 1 12 14 16 18 7, 0608 1 12141618
m(re e 1) (GeVic?) m(rer) , (Gevic?) mi

Events simulated with BCVEGPY interfaced with PYTHIA

Back to main slide 12

‘
e
—
o
h—
o
+

5
3
—
e
e

. Background subtracted events/(0.1 GeVic?)

8

0B L Ll L
1

3

Lol
2 22242628
(rert), . (GeVic’)

chese - CMS Recent flavor physics results at CMS - 28



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

< 2 ] 2 o
CS, 68.3% CL ~ CS, 68.3% CL ~ 7] s, 68.3% CL
€S, 99.79% CL €S, 99.79% CL 1 Cs, 99.7% CL
— HX, 68.3% CL — HX, 68.3% CL ] — HX, 68.3% CL
054 | [—Hx 9973 cL 054 | [—Hx. 9979 cL 05 — HX,99.7% CL
05| 05| 051
cms ]
=7Tev
2 Af'b.x © cms 1 cms
pp Vs=7Tev 4 pp Vs=7Tev
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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
HX frame CS frame PX frame
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Prompt J/¢

and ¢(2S) polarization

HX frame

Ronchese - CM ecent flavor physics results at CMS
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Prompt J/¢) and ¢(2S) polarization
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) and v (2S) polarization
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b, ¥(2S) production

Comparison with ATLAS [NPB 850 (2011) 98], [ATLAS-CONF-2013-094]

and old CMS prep oz 2012) 011] results
° 1024 —e— CMS Preliminary, Iyl <1.2, 4.9 fb"' 3 10+ —e— CMS Preliminary, Iyl <1.2, 4.9 fb"
9 3; o CMS, lyl <0.9, 37 pb™! ‘\’ © CMS,lyl<1.2,37pb’
g 1 5 o ATLAS, lyl <0.75,2.3 pb” i 104 2 o ATLAS, lyl <0.75, 2.1 fb"
.
3 ® 3 %
%»- : %»- P
< % Jhy <2 kY y(28)
3 ] kN pp Vs=7TeV 3., ° pp 's=7TeV
10 1074 y
'-. o
102 b 102 .
10° I 10° B
* :
. 10—4 - i
4 ¢ ‘}
10° T T T T T T 10° T T T T T T
0 20 40 60 80 100 120 0 20 40 60 80 100 120
p, [GeV] p, [GeV]

Back to main slide 17
Ronchese - Ci cent flavor physics results at CMS - 3


http://dx.doi.org/10.1016/j.nuclphysb.2011.05.015
http://cds.cern.ch/record/1596291/files/ATLAS-CONF-2013-094.pdf
http://dx.doi.org/10.1007/JHEP02(2012)011

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

Bottomonium cross sections:
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T(1S), T(2S) and T(3S) production
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Double J/¢) production
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Xc2 VS X1 relative production
P-wave charmonia:
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Xc2 VS X1 relative production

“Pure” cross-sections (divided by B.R.),
assuming unpolarized production
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X(3872) production

@ X(3872) first exotic charmonium seen
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X(3872) fiducial cross section
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Peaks in Bt — J/y¢pK*
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