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The LHC accelerator and its detectors

The LHC is designed to collide two high luminosity and high energy beams of

protons or heavy ions.
High Luminosity

@ Two general proposal high luminosity
experiments: CMS and ATLAS

. . . . RF
@ One low luminosity experiment, dedicated

to flavour physics experiment: LHCb
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@ Heavy-ion experiment: ALICE

Low B (pp)
High Luminosity

A. A. Alves Jr (INFN sezione di Roma) Exotics states at LHC May 15, 2013 3/31



The LHC environment

During most of 2012 run, LHC collided protons at 8 TeV with an average
instantaneous luminosity of 4 x 1032cm=2s~1 and 20 MHz of bunch
crossing. In these conditions:

Inelastic cross section ~ 60 mb

o(pp — bbX) = (284 £ 20(stat) & 49(syst)) pbipLB 694, 209]

°
°

@ — ~ 10° BB produced per second

@ o(pp — ccX) is about 20 times higher. [Nucl.Phys. B871 (2013) 1-20]

At the LHC energy, the bb pairs are produced
preferentially at forward (backward) directions.

@ 47 acceptance design is not optimal

@ Optimal solution is a forward detector: LHCb

/2
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The LHCb detector

LHCb experiment was designed to perform high precision flavor physics
measurements at the LHC.

RICH system
p.K® ID

Muon chambers
Trigger + p ID

@ Single-arm design. Covering the
Precise vertexing range 2 < 7 < 5, LHCb can

exploit the dominant heavy
flavour production mechanism at
the LHC and detects ~ 40% of
the bb produced in foward
region.

@ Good particle identification.
Excellent muon identification and
good separation of 7, K and p
over (2 - 100) GeV.

@ Good vertexing and tracking. Precise primary and secondary vertex reconstruction.
Excellent momentum, IP and proper time resolution.

@ Dataset. 1 + 2 fb~! aquired in 2011 + 2012 runs
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Quarkonia status

In QCD-motivated models, quarkonia states are basically described as qq
pairs bound by a short-distance potential approximately Coulombic
(single-gluon exchange) plus a linearly increasing confining potential at large
separations.

Charmonium mesons

@ All charmonium states bellow the asooln” piaars . ]
DD mass threshold have been S e
observed. [ o2 va00) , s

_ 4000 |- . = ]

@ Charmonium states above the DD o , - v
or DD* mass threshold can decay ~ °° (%" N . e
into DD and DD* final states. 300 T e ]

@ Many predicted states still not L — Predicted levels
observed. 3000 f“‘ﬁ““ ''''' Measurements N

@ Similar situation in the Beauty
sector.

Orbital levels

Figure from [Annu.Rev.Nucl. Part. Sci. 2008. 58:51-73]

A. A. Alves Jr (INFN sezione di Roma) Exotics states at LHC May 15, 2013 6 /31



XY/ states

State m (MeV) T (MeV) JP€ Process (mode)
Many new States haVe been Observed at X(3872) 3871524020 13406 17/2°% B— K(x*="J/v)
H (<2.2) pp— (7T J/Y) +
Charm-, B-factories and Tevatron B Kwi/b)
) L . B - K(D*D")
@ Masses lying on the limits of the quarkonia spectrum B = K(J/%)
B - K(y1(25))
@ Observed many different production mechanisms: X(3915)  39156%31 2810 0/2°F B> K(wJ/y)
ISR, ete™, vy and B decays. ete” > ete WIf)
X (3940) 394243 373 27+ ete” — J/u(DD*)
@ The measured masses does not correspond to the ete” = I ()
predicted values for conventional quarkonia. GG00) 3932 5L 17T e 5 a(DD)
Y (4008) 1008712} 1 ete” = y(ntnTJ/y)
@ Properties does not fit very well to the quarkonia 214050 405173 ? B K(xtxa(1P))
pictu re. Y (4140) M B K(@J/Y)
X (4160) 77+ ete” = J/u(DD*)
Many theoretical interpretations in discussion: — zwo’ !B K a(P)
Y (4260) 126345 108414 1 etem = y(xtnm I /)
@ conventional quarkonia;
ete” o (ntnmJ/p)
@ tetra-quarks states; etem = (e0n0/0)
Y meson—molecuIeS' Y (4274) 12744757 32732 27 B = K(¢J/¥)
! X (4350) 1350673 1337150 02" etem s ete(0J/y)
(] hybrid mesons; Y (4360) 1353 £ 11 96442 1 etem = y(rtrY(2S))
Z(4430)* 1443+28 1077188 ? B - K(x*(2S))
° threshold efFECtS; X (4630) 1634% 9 92°4) 1 efe” = y(AFAD)
i Y (4660) 1664412 48+15 1 ete” = y(ntap(25))
The table Should be updated to |nC|ude some Y(10888) 10888.443.0 30752 1 ete” o (7t nT(nS))
. + +
new states: Zb ) Zc(3900) [Eur.Phys.J.C71:1534,2011]

A. A. Alves Jr (INFN sezione di Roma) Exotics states at LHC May 15, 2013 7/31



X(3872)

The X(3872) exotic-meson was discovered in 2003 by the Belle collaboration
in B — KX(3872) with X(3872) — Jjbmtn—.

[PRL 103,152001 (2009)]

@ |Its existence was immediately confirmed by 4500
BaBar,CDF, D@ collaborations.

@ Quantum numbers previously constrained to 17+ or
2=+ It were just measured by LHCb as 1+ .

@ Clear signature on the X(3872) — J/iyntn™ mode.
w7~ mass spectrum well studied.

@ Mass known to 0.2 MeV and width < 1.2 MeV .
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The nature of the X(3872) remains uncertain: 500
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@ Conventional charmonium xc1(23P1).(very unlikely)

@ Mesonic molecular state: D*°D® bound state.
@ Tetraquark (diquark-anti-diquark).
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X(3872) production studies at LHCb

At LHCb, the X(3872) can be studied using:
@ Prompt candidates: higher statistics but large combinatorial background.
o Candidates from B decays: lower statistics but more clear samples

@ Both kinds of candidates (inclusive selection)

X(3872) production studies at LHCb were performed:

@ Measuring the product of production cross-section multiplied by
branching ratio to X(3872) — JApmttm~

Assuming X(3872) as a 177 state
Performing an inclusive selection of X(3872) — JApmtTnt~ final state
Fiducial range: 5 < pr <20 GeV and 25 <y < 45

Efficiency estimated from Monte Carlo
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X(3872) production studies at LHCb

Analysis performed on data sample with integrated luminosity of 34.7 pb™?

collected by the LHCb experiment in pp collisions at /s = 7 TeV in 2010.
[Eur. Phys. J. C. 72 (2012) 1972

o(pp — X(3872) +---) x B(X(3872) — JApm m) = 5.4 4 1.3(stat) & 0.8(syst) nb

M(X(3872)) = 3871.95 + 0.48(stat) + 0.12(syst) MeV/c?

1% LHCh
1400f-\s = 7 Tev

@ 585+ 74 X(3872) signal candidates

@ Momentum scale calibration using
J — phu.

@ X(3872) peak fitted using a Voigt function
with fixed width.

1200

1000

Events / 2 MeV/c?

a0k

600f @ Background studied from wrong-sign pions
combinations and modeled by exponential
function.

400

200k

@ Uncertainty dominated by statistics. It will
c- 1 . -
200 3700 3800 3900 improve with 2011 dataset
M@/ t* T7) [MeVic?]
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Status of X(3872) mass

o World average and D°DOx-threshold are indistinguishable.
@ Mass is a critical parameter for the D°DOx-bound state hypotesis.
o Very low binding energy: Epjng = 0.16 & 0.26 MeV/c?

DO

Babar (J/y o K)

BaBar B’ ¢ .

BaBar B’ L
LHCb —
Belle H
CDF

PDG 2012: 3871.68 +0.17
M(D")+M(D")

3867 3868 3869 3870 3871 3872 3873 3874 3875
X(3872) mass [MeV/c’]
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Precision mass measurement at LHCb

a
N
>
Q
=
2
7150
k]
o=
k=l
g
o

= iy T @ arXiv:1304.6865

@ D° mass measurement using D produced in
semileptonic B decays

@ Using D® - KTK~K*n~

Bagh ] @ 846 + 36 events, low Q, low systematics
IIE‘GZD 1 8‘40 18‘60 1 RISO 19‘00 1920
M(K' K K'nt") [MeV/c?]
E 33““&“’“ sttt ot = M(D°)= 1864.75 & 0.15(stat) & 0.11(syst) MeV/c?

) ) . ACCM
@ This result reinforces that if
. S0* . KEDR } |
X(3872) isa D°DO" bound-state, it
is looselly bound. creo { |
. . . PDG Average 1864.92 £0.16

@ Consistent with arxiv:1212.4191: * B

M(DP) = 1864.851 =+ 0.020(stat) Lee

New average 1864.84 +0.12 = =

1863.5 1864 1864.5 1865 1865.5 1866
D’ mass [MeV/c?]

A. A. Alves Jr (INFN sezione di Roma) Exotics states at LHC May 15, 2013 12 / 31



X(3872) quantum numbers determination at LHCb

o Using the 1.0 fb~! dataset recorded by LHCb in 2011

o 313426 B+ — KTX(3872) with X(3872) — Jjbmtr—.

@ 5642 +76 BT — KT(2S) with P(2S) — Jprtm.

e 5D analysis: all angular correlations used to measure X(3872) JPC¢

T )

f5d = - LI "
- 2 1200F 200p VS {7 X(3872)
p 0 0 r 6
& K* X(3872) T\ X6872) o s 000| ]
<& > JCLITEED = 1000 oo 5
Jnp(18) 1 2 " P
Bt Do % 800~ 500| 15
K5 Tas) & N
s S soof 400) 1,
: 5 - 200) 1
¢x<3x72) Orer _E 400E- ) £ 5, ,
- 3 C 0 500 o=t 800
200f LHCb ]
~ Dinp1s) ) P 0 M
dxas72y Punpis) X(3872) 600 800 1000 1200 1400

M i) - M(JAy) [MeV]

[arXiv:1302.6269]
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X(3872) quantum numbers determination at LHCb

k=

< T _

@ Two X(3872) JPC configurations are considered: 17+ S ) LHCb 1

4. 100 all candidates =

and 277; e ]

S . L g 1

@ Likelihood-ratio test, to discriminate between the Regp 4

ignments; s L ]
assignments; 5 b7

@ Compare the results to simulated experiments; SF T 1

. Q F ]

@ Data favour the 1+ over the 2=F hypothesis at 8.40; L « Data —_

E = ]

Z [ — Simulated J/°=1" 7

10 g r T — e Simulated J%=2"* ]
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This result favours the interpretations of X(3872) as a [arXiv:1302.6269]

exotic state.
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Search for X(3872) and X(3915) in Bt — K™pp decays at

LHCb

Search for B — KX(3872) with X(3872) — pp;

6951 + 176 candidates of BT — K™pp

—9 + 8(stat) £ 2(syst) candidates of X(3872) — pp

13 £ 17(stat) & 5(syst) candidates of X(3915) — pp [arX|V13O37133 ]

B(BT —K*"X(3872)) x B(X(3872)—pp)
BBT K0 ) < B/b —pD) < 0.008@95% CL

)
B(BT—K"X(3872)) x B(X(3915)—pp)
B(BT—K¥J/p)x B(J/b —pb)

< 0.032@95% CL

";’1000:_ LHCb E E | LHCb J
2 800 a) = 2 | b) _
= E 2 + X@872) X(3915) +
< 600F- 3 z .l.-l— +
3 C 3 = - - —t AT T T
[ o 3 a i
® 400k 2 205_ +
-] e e o L -
2 Eltetorpigtimtot b}
2 200 B,
S F L E O
5150 5200 5250 5300 5350 5400 3800 3850 3900 3950 4000
M [MeVic?] M, [MeV/c?]
_— A= = A= T T T =
5 2 t S Kbty FURPEETE B Y L S
L . ¥ 7 T Sl 2 + g 5
h 5150 5200 5250 5300 5350 5400 ;’ 0 3&‘50 SQIGD 19.50 4000
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X(3872) production studies at CMS

CMS collaboration performed detailed X(3872) production studies using the
decay mode X(3872) — JAbmtm—, with JAp — utu~ and 4.1fb~1 7 TeV

© Measurements are performed in the range 10 < prx(3gr2) < 50 GeV
and rapidity |y| < 1.2.

@ Detailed study of the dipion mass showing the decay proceeds
dominantly through a intermediate p

x1e* \ \ | 1 S
100) Clem F %% cev CMS V5 =7TeV
10<p <50GeV | g 12f Bi<izs L 4 B
Iyl <12 —total fit imulation: X(3872) —» Jiy x'n

r background -
80 Sgnal [ — Simutaton: X(3872) - Jy p

g’

60

Candidates / 5 MeV

1/c do/dm,, [GeV]
S

40/

55E ies 38 iEs
m(Jly ) [GeV]

20},

o 1 1 sl
3.6 3.7 3.8 3.9 4

m(Jiy n') [GeV]

05 055 0.6 065 07 075 08
[arXiv:1302.3968] m(r'n) [GeV]
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X(3872) production studies at CMS

@ Ratio of the X(3872) and {(2S) cross sections times their branching
fractions into JAp7tt 7t~ measured in function of pr.

@ Fraction of X(3872) originating from B decays.

e Prompt X(3872) differential cross section times branching fraction into
JAb 7ttt and comparison with theory prediction.

o 012 T T
CMS Vs=7TeV c - - q — . - -
0.1 L=48M? E 9 CMS \5=7TeV | 2 1B CMS \5=7TeV |
lyl <12 c 0.5 L=481" 3 0] R L=48f" 31
0.1F E £ Iyl<12 3 lyl<12
= = ]
ol —LO NRQCD
0.09}~ - Q A LO NRQCD uncertainty |
3 o
0.08F E < §
9 53
0.06f~ 3 a ©
5 ] © .
0.05)- B Z 01 E 102F ; -
Il Il Il ] ]
00462030, a0 50 R s ] \ \ s 1
p_(Jp 1" ) [GeV] 9% 20 30 40 50 10 15 20 25 30
T p,(Jw " ) [GeV] p (Jw T ) [GeV]

[arXiv:1302.3968]
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The X(4140) and X(4274) candidates

©
T

Two exotic resonance candidates
observed by CDF in BT — JAp pK*
decays and decaying into JAb ¢ .

[Ref. Phys.Rev.Lett. 102.242002, arXiv:1101.6058].

)
T T

Candidates per 10 MeV/c?,
~

& o o ¢
T T T

Candidates per 10 MeV/c?,
N

A g
IS "wr-.”

MK K)-m(up) [Gevied

@ 115+ 12 candidates of B¥ — JAp pK*

© X(4140) candidate with My (4140) = 4143.4737 £ 0.6 MeV/c?,
Mx(4140) = 15.3fé(_’1'4 + 2.5 MeV/c?, with yield of 19 + 6 and statistical

significance of 5.00.

® Maybe a second state: My (4274) = 4274.4784 + 1.9 MeV/c?,
[x(a274) = 32.37345 £ 7.6 MeV/c?, with yield of 22 + 8 and statistical

significance of 3.10.
@ CDF results imply:
B(BT — X(4140)K™) x B(X(4140) — JAp ) =

A. A. Alves Jr (INFN sezione di Roma) Exotics states at LHC
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The X(4140) and X(4274) candidate

Belle experiment also have searched for X(4140) and X(4274)

[see J. Brodzicka, Heavy flavour spectroscopy (LP09)]

@ Belle accumulated more events on BT — J/ip@dK™ than
CDF but could not confirm or exclude the X(4140).

@ Loss of efficiency near the threshold resulted in a lower
sensitivity to X(4140) at Belle.

@ B(BT — X(4140)K*) x B(X(4140) — J/ih¢) < 6 x 107°

Events /(0.01 GeVic?)

iz

[n summary:

@ Charmonium states at this mass are expected to have much larger widths because of open
flavour decay channels.

@ Their decay rate into the JAb ¢ mode (so near the kinematic threshold) should be small and
unobservable.

@ Then, the observation by CDF has triggered much theoretical interest about the nature of
this candidates.

@ The existence of X(4140) and X(4274) candidates remains unconfirmed.
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Search for X(4140) and X(4274) at LHCb

[
o

o The LHCb sensitivity to X(4140) gl e -
signal is a factor two better than in = (Ba; oK 7]
CDF. % 6 .

@ According the CDF results, we =g ]
should observe 35 + 11 X(4140) ST
signal candidates and 53 419 T Hirs
X(4274) signal candidates. > Al Ay

@ No narrow structure is observed near f o b) -
the threshold. wef I _

@ The fit shown in (a) gives a X(4140) § a
yield of 6.9 4.9 events and a g, THdeodlas
X(4274) yield of 3.4%%7 events. ©1

@ The fit shown in (b) gives a oo~ 1209 ,\}lz((j(,’w(p) MO (MeV"
X(4140) yield of 0.6 events with a - The solid red line represents the result of the fit to
positive error of 7.1 events and zero our data. _

. . - The dashed blue line represents the the expected
signal X(4274) events with a signal amplitude from the CDF results.
positive error of 10. - The top and bottom plots background functions are:

a) efficiency-corrected three-body phase-space;
b) quadratig polyneminal.

A. A. Alves Jr (INFN sezione di Roma) Exotics states at LHC May 15, 2013 20 / 31



Results on X(4140) and X(4274) at LHCb

The results of the search for X(4140) and X(4274) at LHCb are the two following
limits calculated at 90%CL:

B(BT—X(4140)K1) x B(X(4140)— J/1 p)
B(BT—J/¢KT)
LHCb(a) | LHCb(b) CDF

< 0.07 < 0.04 | 0.149 £0.039 £0.024

B(BT—X(4274)KT) x B(X(4274)— J/1p $)

B(BT—J/poKT)
LHCb CDF (our estimate)
< 0.08 0.17 £0.06

In conclusion, LHCb performed the most sensitive search for the narrow X(4140)
and X(4274) structures and:

@ Does not confirm the X(4140) state previously reported by the CDF

@ Does not observe any evidence of the X(4274)

@ The LHCb results disagree at the 2.4¢0 level with the CDF measurement.
@ Ref: Phys. Rev. D 85,091103(R)(2012)
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Search for structures in the JAb & spectrum at CMS

@ Search for structures in the JAp ¢ spectrum in

BE = JAb GKT decays

@ Using 5.2 fb~! dataset recorded by CMS in pp

collisions at /s = 7 TeV

@ J/p d-spectrum is modeled by two S-wave relativistic

Breit-Wigner over a three-body phase-space

non-resonant component.

@ my = 4148.2 + 2.0(stat) & 4.6(syst) MeV/c? and

significance exceeding 50

@ mp = 4316.7 & 3.0(stat) + 7.3(syst) MeV/c2.

CMS Preliminary,\'s=7 TeV, L=5.2 f5*
e e

300
2 . —— Data
E 280 three--body PS
N r ——— 2 BWs + three--body PS
qﬁ’. 200:* E
s g + .
w r .
— 150: + ++ ]
@, C J
Z 100 —
sof| AT ! + =
of *
PRI R BRI R L L

Ll Ll
14 15

MK K)-m ) [Gev]
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Candidates per 1 MeV

-100F

CcMs Pre‘llmlna Ns=7 ‘Tev. L=5.2 fb"

—— Data

— Breit-Wigner

CMS Preliminary, {s=7 TeV, L=5.2 fb™"
T T T T

1.04 106
m(K'K) [GeV]

N
S
8
s

Candidates per 5 MeV
&
8
T

+--- Background
Mass = 5279.6:+ 0.6 MeV |
Width = 9.7+ 0.7 MeV ]|
Signal = 2478 £ 162 ]

525 53

5.35 54 5.45
mIWK'KK") [GeV]

[see talk by Elif Ash Yetkin, HCP2012

Kyoto, Japan]
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Search for H-dibaryon at Alice

@ Hypothetical bound state of uuddss (AA)

@ Measurable decay modes: H® — AA (up the AA threshold ) and H® — mpA (bellow the AA
threshold )

@ First predicted in a bag model calculation [PRL 38, 195 & 617 (1977)].

@ Also suggested by recent lattice calculations [PRL 106,162001 (2011)] [PRL 106, 162002
(2011)]

@ Upper limits recently setted by Belle: arXiv:1302.4028

1

@ No signal observed. Upper limits:

Pb-Pb | s, =2.76 TeV
1000 13.8 million events (0-80% central)
—— data

@ Strongly bound:

_ [ syst.error
dN/dy < 8.4 x 107* (99% CL) sol- ALICE .7 —— injected signal (m =2.21 Gevic?)
- PRELIMINARY | syst. error (m =2.21 GeV/c?) '
@ Lightly bound: 500 ] —— injected signal (m =2.23 GeV/c?)

- --- syst. error (m =2.23 GeV/c?)

dN/dy < 2 x 10~4(99% CL)

@ Thermal model prediction is
dN/dy =3.1 x 1073 20
@ Nucl. Phys. A, Vol 904-905, 547c-550c, 2013

400

3

3

NETTT [T T T [ TT T [T T[T [ TTT

Rl i

n ; | 43R L L,
221 222 223 224 225 226 227 228 229 23
Invariant mass Apr (GeV/c?)

Thermal model would need to be wrong by a factor 10. On the other hand, the
model describes the hypertriton yields measured with STAR correctly [PLB 697,203
(2011)] and [PRC 84, 054916 (2011)]
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Prospects for Z(4430)" at LHCb

Z(4430)" signal from Belle with 6.5
@ Charged charmonium like state reported by T
Belle in BY — {(25)K* 7~ decays i

[Phys.Rev.Lett.100:142001,2008, Phys.Rev.D80:031104,2009]

@ Searched and not confirmed by
BaBar[phys.Rev.D79:112001,2009]

Events/0.01 GeV

@ If confirmed it will be the strongest
tetraquark candidate.

@ No structure reported in the
Bt - JWK n—

4.3
Miz'y") (GeV)

Studies in progress at LHCb using the full 2011 + 2012 dataset
e Analysing both BT — JApK*7t~ and Bt — (25) = K*n~ modes.

e High statistics: expected more candidates of BT — JApK*7t~ and
Bt — W(25)K*7~ than Belle and BaBar together.
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Summary and perspectives

It is

X(3872)
LHCb has measured the mass and production cross section in the range: 5 < pr < 20 GeV
and 2.5 < y < 4.5 using 2010;
CMS performed detailed production studies using 4.8 fb~! from the 2011 dataset;
LHCb measured the X(3872) quantum numbers.
We need to know with higher precision the D and masses in order to check if X(3872)
mass is up or bellow the D°D* mass threshold.
Charmonium interpretation strongly disfavored.

X(4140) and X(4274)
Not confirmed by LHCb.
Structures near JAp ¢ -threshold reported by CMS.
Working in progress at LHCb and CMS to update the analysis using 2011 + 2012 dataset.

important that LHC experiments take advantage of their copious

statistics to perform a full amplitude analysis on these decays. This seems to
be the only way to understand the nature of these structures.

Z(4430)"
Work in progress at LHCb.

Thanks!
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The LHCb trigger and dataset

Running conditions in most of 2012

@ LHC: 20 MHz bunch crossing L) L1
@ Luminosity: 4.0 x 1032cm—2s~1, using L0 Hardware Trigger : 1 MHZ
|umin05ity Ieveling readout, high Er/Pr signatures

Visible interactions rate: 12.0 - 14.0 MHz M:lol::z
LO output rate: 950 kHz

HLT output rate:4.5 kHz
Event size: 60 kB

Software High Level Trigger

29000 Logical CPU cores

Offline reconstruction tuned to
trigger time constraints

5

o 2 . Mixture of exclusive and inclusive
= 2012: 44+ 4 TeV 2012 selection algorithms

o w Delivered Luminosity 2.21 fb™! P

T of Recorded Luminosity 2.08 fb'' g U
o 2011:3.5+3.5TeV

> Delivered Luminosity 1.21 rb*‘

2 Recorded Luminosity 11016 5 kHZ Rate to storage

> 1.5} Delivered Luminosity 0.04 V’b' -4

= Recorded Luminosity 0.04 fby

2 2011 2 kiz 4 = 1 kHz
c . Inclusive/

= L Inclusive q Muon and
g 1 " Exclusive A

5 Topological PERT
O A Charm A

o

8 o5 1 . .

] —

g 37 pb~" acquired in 2010
o}

z 0

Apr Jun Aug Oct

1 fb~! acquired in 2011
2 fb~! acquired in 2012
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X(3872) mass measurement at LHCb: uncertainties

Source of uncertainty Ao /o %) ) Am [MeV/e?]
- - Category Source of uncertainty o e
X (3872) polarization 2.1 W(2S) | X (3872
X(3872) dccay model 1.0 Natural width - 0.01
i . : _ Radiative tail 0.02 0.02
X (3872) decfay width 5.0 Mass fitting Resolution - 0.01
Mass resolution 5.8 Background model 0.02 0.02
Background model 6.4 M. . N Average momentum scale 0.08 0.10
omentum calibration .
Tracking efficiency T4 7 dependence of momentum scale | 0.02 0.03
Track v2 cut 2.0 Detector description Energy loss correction 0.05 0.05
; X 2 ' ) Detector alignment Track slopes 0.01 0.01
Vertex X cut N 3.0 Total 510 012
Muon trigger efficiency 2.9
Global event cuts 3.0
Muon identification 1.1
Integrated luminosity 3.5
J/¢ — " p~ branching fraction 1.0
Total 14.3
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Search for X(4140) and X(4274) at LHCb

o LHCb searched for X(4140) and X(4274) in a sample with 0.376 fb™*
of 2011 dataset [Ref. Phys. Rev. D 85, 091103(R) (2012)].

@ Background subtracted sample with 382 +22 B* — JAp KT events

> T T T > T T T
= —
80 — 60 .
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@ B = JIWYK'K'K" ] - B' L JipgK® |
g 601 . §
"g g 40 i
© | B ©
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Search for X(4140) and X(4274) at LHCb:efficiency

)

IIHIII

Relative efficienc
o o
()] —— (o] .

LHCDb simulation
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X(3872) quantum numbers: previous measurements

CDF

@ Sample dominated by prompt X(3872)

@ 3D analysis: fit to m™nt~ and JAp helicity angles and te angle between the ™~ and JAp
decay planes

@ X(3872) JPC constrained to 1t+ or 2=+
@ Phys.Rev.Lett.98:132002 (2007)

BaBar

@ Observed 34 +7 X(3872) — wJAp
@ Study of w — m~ntn® mass distribution favoured 2—F, but 1t+ was not ruled out.
@ arXiv:1005.5190, Phys. Rev. D 82, 011101(R) (2010)

Belle

@ Observed 173+ 16 B — X(3872)K, with X(3872) — JAbntn~ and JAp — ptp~

@ By studying one-dimensional distributions in three different angles, Belle concluded that their
data were equally well described by the 1t+ and 2=+ hypotheses.

@ arXiv:1107.0163, Phys. Rev. D 84, 052004 (2011
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