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The LHCb detector

B. mesons

Excited B and B, mesons

Excited D and D, mesons
Properties of the X (3872)
Search of X (4140) and X (4274)
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Why spectroscopy?

Spectroscopy provides a test of QCD models

@ Comparison of properties such as masses, lifetimes, decay properties

Many predicted states not yet observed or poorly measured

Searches for new/exotic states

Shed light on the nature of some of the XYZ states
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L
The LHCb experiment

@ LHC is the largest source of b (and c) hadrons:
opp A 284 ub @ 7 TeV [~ 10°0bb/s] [PLB 694, 209]
ez ~ 20 % o [Nucl.Phys.B871(2013)1-20]

@ LHCb designed to study rare decays and CP violation in b/c-hadrons
ideal place also for spectroscopy

@ Forward single-arm spectrometer (pseudorapidity region 2 < 7 < 5)
Excellent performance:

@ precise vertexing and
momentum resolution

@ Excellent particle ID
performance

@ Excellent trigger

Magrete—" 4 J J L g | ﬁ selecting high-p; lepton
W e T or hadron from

displaced vertexes
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LHCb Integrated Luminosity pp collisions 2010-2012

E Delivered in 2012 (4 TeV): 2.209 /b f“j

Gt Recorded in 2012 (4 TeV): 2.082 /fb

= Recorded in 2011 (3.5 TeV): 1.107 ffb /I

E Recorded in 2010 (3.5 TeV): 0.038 /fb !
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o Total statistics available on tape: ~ 3fb~!

LHCb is in very
good shape:

@ 37pb!at
Vs =TTeV
recorded in 2010

o 1.1fb~ 1! at
V5 =T7TeV in
2011

o 2fb~ ! at
Vs =8TeV in
2012
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B meson
@ Unique meson composed of two heavy 7600 RS RGN
ks d . Kl —TTT 7365 1376 7380
quarks decaying weakly 7250 1272 = an 7269 7276 7271
5‘ 7200 7122 7150 T164 7260 ]
@ Decays via 2 - e
2 [o855 SE8T.
T = . 6800 F 706 51306768 ]
o b — ¢/u transitions g T
o c—s/d tran-S|-t|or.15 = ) B, Mass Spectrum ]
o bc — W annihilations H
"

@ Observed by CDF in J/v/fv decays and 6000
J /YT [PRL 81,2432(1998); PRL 96,082002(2008)]

@ Confirmed by LHCb in Bf — J/¢n" with 0.37fb™! measuring the mass and the
production [PRL 109 232001 (2012)]

'S, ’s, ’p, P, °p, D, D, D, ’F, F, F,

@ Many other B. decay modes observed at LHCb

@ BI — J/¢pmta—wt, 1fb~1, [PRL 108,
251802 (2012)]

@ B —» J/YyKtK—nt, 3fb~1,
[arXiv:1309.0587]

@ BI — (28)nt, 1tb~1, [PRD 87, 071103
(2013)]

BF — J/YKT, 1fb™1, [arXiv:1306.6723]

ardinale on behalf of the LHCb Collaboration

o BY — J/yDMT, 3th—1, [PrD 87 (2013)
112012]

BF — BOnt, 3fb~1, [farxiv:1308.4544] |
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Observation Of IB,Jr — J/?)DE*H— [PRD 87 (2013) 1120121

! f: T N o Partially reconstructed B} — J/¢D*+
: ‘ ; >”<< where D:T — DI (v/7°): broad bump
‘ <" £ ‘ whose shape depends on - and Ago
helicity amplitudes (from simulation)

@ Spectator diagram dominant,
possible contributions from
colour suppressed spectator
and annihilation

[=a
(=}

B > JpDr LHCb

8

W
=)

N
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Candidates/(10MeV/c?)
FrrerT
Lt

@ Reconstruct J/v — pp and
Df — ¢nt — (KTK )™

E

of L L

o o 635
mIDF)  [CeV/e

Candidates /(25 MeV/c?)

channels

Excess of more than 9o for bothJ

56 58 6 6.2 64 6.6
m(JApDY) [Gev/]
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Observation Of lg,Jr — J/?/)DE*H— [PRD 87 (2013) 1120121

Normalize to J/ym™: Rt = B
BBE—J/yDE) _
) = 2.96 + 0.67 +0.25
BBE—J/yDit) _
e 2.36 + 0.56 + 0.10

‘B su/pat N(BF —J/yD{T)
¥ a/up(F N(BE —J/prt)
1400 T

LHCb

= 1200F

1000F

o
=3
=3

Candidates/(10 MeV/c?)

@ Main systematics:
B(DE — ¢(— KT K—)rt)

I (Bf - JWDf) T'(B—D'DY)
T (B — Jnt) ~ T (B—Drr)’
I'(Bf »JpDy) T (B-DD;Y)
T'(Bf = D) ~ T (B—DDf)’

Royme =

Rpopr =

@ Results consistent with spectator dominance
+ naive factorization (replace spectator
¢ — u/d)

3
T ‘OI

S

)
=1
S

=)

62 6.3 64 6.5

m(Ippr) [Gev/e]

The fraction of polarization amplitude
Tig(BE = J/yDiH)

Deot(BE — J/¥DET)
compatible with measurements in

B°® — D*~D*T by CLEO and BaBar [PRD

62, 112003 (2000), PRD 67,092003 (2003)]

= (52 £20)% also
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B,+ mass @ LHCb [PRL 109 232001 (2012) - PRD 87 (2013) 1120121

@ B, mass determined from J/¢rt decays

@ Rather large @Q-value — large systematic 0
uncertainty from momentum scale CDE

[ LHcb Uy

@ New measurement using B. — J/¢y D}
(|OW Q—value) Old average: 6275.41% 1.90

I LHCb (J/p D?) ost precise single
A measurement

mBj’ — ng_ = 4307.97 £ 1.445¢at £0.205ys¢t MeV/c2 Average: 627485 135

6260 6270 6280 62,90 63:00 63:10 6320
. . B! mass [MeV/c?]
@ Dominant systematics from D, mass

largely cancels in the mass difference

@ Using our latest D mass measurement [arXiv:1304.6865]

My = 6276.28 + 144,401 + 0.36y5 MeV /c?

@ Single most precise measurement of B mass
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Observation lg,Jr — 1387T'Jr [arXiv:1308.4544]

@ First decay where the b quark

is acting as a spectator "
Vud n
@ b-quark decay should give vV ™
larger rate ¢ w+ 9d
. . Bf
@ Wide range of theoretical ¢
predictions for b s .
B(B} — Brt) By
@ Experimental clarification b

needed

@ Using both 2011 data (1fb~! at /s = 7TeV) and 2012 data
(2fb~! at /s =8TeV)

@ Reconstructed either in BY — J/4¢ or B — D7t with
¢ —KtK~ and Dy - KTK 7~
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13+ — 138’/'1'+ [arXiv:1308.4544]

~ F 3 & wF : . —
S sop LHCb E S LHCb
z : = Data ] 2 L f « Data
Z wp Bl B~ D] wowe S e Bi~ B~ Jyiin
g 30 £ ---Comb. bkg. E g E --- Comb. bkg. ]
2 £ - Bi— Bl b 3 200 - By~ Blp E
£ wf B~ B g ] Br—B'n* ]
g T 10
3 E S

oo 6200 6400 6600 Y I E—T 6600

m(B%m*) [MeV/c?] m(B%n*) [MeV/c2]
N(Bf = BY(— Dy nH)rT) =64+10 N(BF — BY(— J/ip¢)nt) =35+8
[7.70] [6.10]

@ First observation of a weak decay of a B meson to another B meson

%ﬁ x B(BF — BIm") = (2.38 % 0.35(stat) = 0.11(syst) *315 (754)) x 10—3J

@ Using an estimate of Z((g%)) ~0.02, B(Bf — B ") ~ 10%

@ Largest exclusive branching fraction of any known weak B meson decay
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Excited B.; mesons

3

@ B}, first observed by CDF [pr 100,
082002 (2008)] in BK invariant mass
spectrum, confirmed by DO [pr 100,
082001 (2008)]

@
-]

3

@ Observation of a second peak
identified as partially reconstructed
Bs1, not confirmed by DO

Candidates per 1.25 MeV/c?
"
8

e
8
E
g
N
g

m(B'K)-m(B)-M, [MeV/c?]

Search for excited By mesons at LHCb [1 fb™!] (ke 110, 151803 (2013)

@ Search for By mesons in By; — BT K~ — (y)BtTK~
o Select Bt candidates in four different final states

2) JJPKt = (utu)K*

b) D% — (KTn )n™

c) D7t — (Ktn—ntr)nt

d) D°ntn—nt = (Kta ) ntan ot
@ Combine the Bt with a K—

R. Cardinale on behalf of the ollaboration , Camogli (Italy), September 23-27,




BJFIX/’* spectrum [PRL 110, 151803 (2013)]

The AM = M(BYK~)— M(B") — M(K~) spectrum shows 3
peaks:

@ partially reconstructed
Bg — B*tK- —
BF(y)K~
confirm CDF signal

Candidates / (1 MeV/c?)

@ partially reconstructed
= B*"K~ —
BF(y)K~
first observation, 8 o

Pull

0 20 40 60 80 100 120 140 160 180 200
o fully reconstructed mB'K) - mB") - m(K ) [MeV/e]
*, — BT K~ decays

confirm CDF and DO signal
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Results [PRL 110, 151803 (2013)]

o I'(B%) = 1.540.13 £+ 0.47MeV /c? first measurement!
@ Dominant systematics: invariant mass resolution

@ The difference between the fully reconstructed and partially
reconstructed B, is equal to
M(B*t) — M(B*) = 45.01 £ 0.30 £ 0.23 MeV /c?

@ Best measurement: new method compared to earlier measurements,
does not require «y

@ Absolute mass values are derived using the known B* mass:
m(B*T) = 5324.26 £ 0.30 £ 0.23 + 0.17 MeV /2
m(Bs1) = 5828.40 4 0.04 £ 0.04 + 0.41 MeV /2
m(BZy) = 5839.99 4 0.05 £ 0.11 £ 0.17 MeV /2

@ Precise B*" mass measurement used to understand if the Z, states
reported by Belle could be BB* molecules:

o the Z,(10610)T lies 3.6942.05 MeV /c? above the BB_:* threshold
o the Z,(10650)" lies 3.68+1.68 MeV/c? above the B* B* threshold
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L
Excited D; states

= @ Quark model predicts many
" I-Godfrey & Isgur, PRD32(1985)189

mﬁm}'lF states [Godfrey and Isgur, PRD 32
(1985) 82], not all observed

D°,(2.806) *
sy 1D (2760)-Dx

Mass (GeV))

D(2750) —D*x @ Large mass discrepancies,
Py —
T A S up to 50 MeV /c?
241 P
C @ Most J* needs
22 :_ \g:ll stal;li_sh;ddstates oy Bofactor confirmation
- served In ecays by b-factories
2 }1 S Observed by BaBar in inclusive D @ natural
| 1'@”3 - = - procll:ctlor:‘PRDszz‘(ZM2)‘1111041' JP — 0-‘,—7 1—7 2+
- — o innatural
JP=07,1%,2"

@ The ground states (D, D*), and two of the 1P states, D;(2420)
and D3(2460) are experimentally well established

@ The broad L = 1 states, D{(2400) and D’ (2430) have been
observed by B-factories in exclusive B decays

@ BaBar has found new states decaying to Dm, D*7 [PRD 82,111101 (2010)]
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Excited D] states @ LHCb [arXiv.1307.4556]

£ oo .v-/“\_:'ifit_bm PEY e Search for D states decaying to D°zt, Dtn—, D*tn—
ém_ . ] by reconstructing D° — K—7nt, Dt — K~ 7w and
§soomp N | 1 D*t — D%t using 1fb~1! of data
20000 - . m
] Dir
2000 2200 2400 2600 2800
m'm) (MeV] Q@ D3(2640)° + weak structures (2600 and 2750 MeV)
2 oo c'usi_;fCEdb LHC 4 @ Cross-feed: D1(2420)° or
e T g B D3(2460)° — 7= D*+(— Dt70/7)
3 Z oA
20000 m(D"r) .
. . . ; @ D3(2640)T + weak structures (2600 and 2750 MeV)
=0 0 %0 mDZ“n‘)[MeV]
T . o @ Cross-feed: D1(2420)F or
T pemde ] D3(2460)T — 7 D*0(— D00 /)
% 00l - LHCb 2
§ A D*tr—
Fomr o~ 1
10000 | E @ D7(2420)° and D3(2460)° + weak structures (2500
S and 2800 MeV)
OTmm w0 w0 2800
m(D"x) [MeV]
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Excited D_] states @ LHCb [arXiv.1307.4556]

@ The D*+x~ final state gives information on the spin-parity assignment of a given resonance

@ In the rest frame of the D** 7~ we define the helicity angle 85 as the angle between the 7~
and the 7t from the D*t decay

@ Exploit differences in 6 distribution for natural/innatural spin-parity states to selectively
enhance/suppress some of them in D** 7~ spectrum to determine the needed signal
components and initialize the final fit

|D; (2650)° D, (2760)°|

1 [D,2580° D, (2740)° [ D,3000)’)
AN

i T T 1000] \ e
s00) 4

10000

5000

Candidates / (4 MeV)

|cos SHXI <05 e

L i L L
2200 2400 2600 2800 3000

. m(DT) [MeV] FERY T, i
natural parity sample | |c9$.eln|>,9_-75| s
%200 2400 2600 2800 3000
Enhanced Unnatural parity sample m(D") [MeV]
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Spin-parity analysis

Fit D*Tm~ mass spectrum in 10 bins of cosfy (7~ helicity angle)
(resonance parameters fixed) to determine the angular distribution for

each state
confirm spin-parity for
D1(2420)° JP =1t and
D3 (2460)° JP =2+

Unnatural spin-parity confirmed for
D ;(2580)° and D ;(2740)°

Unnatural spin-parity suggested for D ;(3000)°

z 7
g [ @p,eazy 8 sond (b D (24607
3 0000 ! 2 g % (a)D(2580) g (b) D,(2740) g (©) D,(3000)
= 1000 Srsonof ! I 8 o
40000 g £ ' % %
10000 300
10000
20000 w0l /o o - *
-1 -05 o 05 1 -1 -0.5 0 05 1 5000} 100¢ ‘-‘
cosb, cosb, R
Natural spin-parity confirmed for 405 0 05 1 405 o 05 1
o 0 cosby, costy cost,
* *
DJ(2650) and DJ(2760)
;IISODO-I‘. b N DI 7 ::i l . In
g ‘i (a) DJ(ZSSD) § : (b) DJ(2760) i
2o ™t + = @ black=Natural Parity
/ @ dashed red=Unnatural Parity
1000+
T il o dotted blue=J" =0~
4 05 0 05 1 4 05 0 05 1 - -
cosd,, cos6,,
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Results

Final state Mass (MeV) Width (MeV) Yields Significance
D*Fn— 2419.6 £ 0.1 +£0.7 | 352+ 04 =£0.9 | 210200+ 1900 =+ 700
D 24604+ 04 +£12 | 432+ 1.2 £3.0 81900 £ 1200 =+ 900
D**a~ 2649.2 & 35 +£35 | 1402+ 171 £18.6| 50700 & 2200 =+ 2300 | 24.5 (15.9)
Drip— 27611+ 51 +65 744+ 34 £370 14400 + 1700 = 1700 10.2 (6.0)
Drta— 25795+ 34 +£55 | 1775+ 17.8 +£46.0 | 60300 + 3100 =+ 3400 18.8 (13.1)
D*ta~ 27370+ 35 +11.2| 732+ 13.4 +£25.0 7700 & 1100 =+ 1200 7.2 (47)
Dt 2971.8 + 8.7 188.1 + 44.8 9500 4+ 1100 9.0 (3.7)
D¥n~ 24604+ 0.1 +0.1 456+ 04 =£1.1 | 675000 £ 9000 =+ 1300
D¥a~ 2760.1+ 1.1 437 744+ 34 £191 55800 £+ 1300 £ 10000 | 17.3 (5.5)
Dtn— 3008.1 = 4.0 110.5 + 11.5 17600 + 1100 21.2 (12.4)
Dort 2463.1+ 02 +0.6 486+ 13 +19 341600+ 22000 + 2000
Dort 27717+ 1.7 +£38 | 66.7+ 6.6 +£10.5 20100 £ 2200 = 1000 18.8 (8.3)
DOrt 3008.1 (fixed) 110.5 (fixed) 7600 £ 1200 6.6 (5.1)

@ Confirmation of spin-parity of D1(2420) and D3 (2460)° resonances

@ Observed two natural parity (D% (2650)° and D*(2760)°) and two unnatural parity
(D(2580)° and D*%(2740)°) resonances

@ Resonance parameters in reasonable agreement with BaBar

@ Broad structures observed around 3000 MeV /c?, could be superpositions of several states

R. Cardinale on behalf of the LHCb Collaboration PWA7 , Camogli (ltaly), September 23-27, 2013

D%(2650)° [ 1- | 25 D;(2618)
D*(2760)° | 1~ | 1D D;(2796)
D;(2580)7 | 0~ 777 | 25 Dy(2558)
D,;(2740)° | 2— | 1D D,(2801)
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Excited D.; states

- __D, (3040

3000+ ok )

I __D, *(2860)

< i __D,*(2710)
] L D,,*(2573) .
£ 2500 i DK
3 - D_,*(2317 DK
© L —Ugp L )
= I __D*(2112)

2000} _D,(1968)

0- 1- 0+ 1+ 2+ 3-7 ?

@ Large discrepancy between predictions and experiment for
D*,(2317) and D, (2460).

o D?(2700) observed by BaBar (inclusive) and Belle (B decays).
@ D?;(2860) and D, ;(3040) observed by BaBar.
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EXCitEd Dgf states @ LHCb [JHEP 10.151 (2012)], 1 fbil

Search for states decaying to DK™ and DK} by reconstructing
D° — K—nt (a), D¥ — K~ 7w (b), and K% — 7w decaying inside (c)
or outside (d) the vertex detector

Candidates /1.7 MeV/c*
i 8t

T T T

LHco
@

Candidates / 1.7 MeV/c?

184 186 188 19
Kmn* invariant mass [GeV/c?]

X 86 1.88 19
K invariant mass [GeV/c?]

Candidates / 1.3 MeV/c*
3 8 1%

j LHch
©

Reduce DK combinatorial background by requiring cosf > 0, where 6 is

0.48 05 052
7 invariant mass [GeV/c?]

:

Candidiles /1.3 MeV/c?

the kaon helicity angle in the DK frame

R. Cardinale on behalf of the LHCb Collaboration PWA7 , Camogli (ltaly), September 23-27, 2013

T T

LHch
(@

048 05 052
7% invariant mass [GeV/c’
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EXCited Dg_] states @ LHCb [JHEP 10.151 (2012)]

Observe the same structures in both final states, plus some feed-through from partially
reconstructed Dg; — D* K decays

Simultaneous fit to smooth
background plus

0 D#,(2573)" — spin 2
D (2700)t — spin 1
D% ,(2860)t — spin 07?

constraining the resonance
parameters to be the same in both
spectra

§

20000

Candidates / 5 MeV/c?
Candidates / 5 MeV/c?

3 3
DK} invariant mass [GeV/c?] D’K* invariant mass [GeV/c?]

LHCb
(@

Candidates / 5 MeV/c?

No evidence for states above

3GeV D*KY invariant mass [GeV/c?] DK invariant mgass [GeV/c?]
m(D%(2700)7) = 2709.2 £ 1.9(stat) = 4.5(syst) MeV/c?, First observation of these states
(D5 (2700)7) = 115.8 + 7.3(stat) £ 12.1(syst) MeV/c?, in inclusive hadronic production
m(D*;(2860)") = 2866.1+ 1.0(stat) & 6.3(syst) MeV/c?, Confirmation of the resonances
I'(D%;(2860)7) 69.9 + 3.2(stat) + 6.6(syst) MeV/c2. observed at the B-factories,

comparable precision
PWA7 , Camogli (ltaly), September 23-27, 2013 22
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The X (3872)

@ New exotic mesons have been observed by different experiments:
X (3872), X (4140), Z*(4430)

@ First assigned to c¢ charmonium states but they don’t fit to diquark
picture

@ Many theoretical models to explain the nature of the XYZ states,
with limited success

o Tetraquark

o Molecular state

o Charmonium hybrids
o Threshold effects

o The X (3872) is the first exotic meson observed

o Discovered by Belle as a narrow peak in J/yn 7™ invariant mass
in Bt — (J/wnTm™ )K" decays [PRL o1 (2003) 262001].

o Confirmed by BaBar, CDF and DO

o Also LHCb studied it measuring production cross-section and mass
with 34.7pb™" [epy c72, 1972 (2012)]
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The X(3872) quantum numbers

@ The existence of the X (3872) is beyond doubt but after 10 years
the nature is still uncertain!

o Extremely difficult to identify as a conventional charmonium state
(Mass and decay mode disfavour c¢ state)
o C-parity known to be positive as X (3872) — J /1)~y observed by
Belle [PRL 107 001803], BaBar [PRD 74 071101 (R)]
o CDF helicity angle measurement [PRL 98 132002] excluded all
except
o JPC =2=+: (11 D2)
o JPC =1t+: x.1(23P1) or exotic D°D* bound state or tetraquark
o BaBar analysis of X (3872) — wJ /1 prefers 2t but does not
exclude 1 [prD 82, 011101(R)]
o Belle analysis of X (3872) — J/¢nt 7~ prefers 171 but does not
exclude 27 [PRD 84, 052004]

JPC

R. Cardinale on behalf of the LHCb Collaboration PWA7 , Camogli (ltaly), September 23-27, 2013 24




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

o BT — X (3872)KT with X (3872) — J/¢(— pp)ntn—, 1fb~1

@ BT — ¢(2S5)K* control
channel for systematic
studies/signal shape
determination

1200

1000F

@ Selection based on

Number of candidates / (2.5 MeV)
[o ]
o
o
I

600
likelihood ratio classifier
400
© 313426 sooF-
Bt — X(3872)K+ :
(568=+31 background ottt
events)

w(2S)

800

70k X(3872)

1 1 1
1000 1200 1400
M dhy) - M(J/y) [MeV]

Angular correlations in the B* decay chain carry information on

the JPC of the X (3872)
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1111l . AkRA: B 5 6
The X(3872) quantum numbers @ LHCb

@ Analysis performed in 5D exploiting all angular
correlations

LHCb

all candidates

oo}

@ 3 helicity angles + 2 angles between the decay
planes

3
!

—=— Data
—— Simulated J°=1"* 7
-------- Simulated J*°=2"*

Number of candidates / 0.4

Q = (cos Ox, 08 Orr, AP x ;€08 010, Ddx 7/0) - ]

|cos6,.| > 0.6
49

AD
<
. L,
@ Projections in cos@x for signal
@ Matrix elements in the helicity formalism candidates
@ 1t+: no free parameter @ Marginal differences in 1D
@ 27 7F: one complex parameter a which distributions between JPC = 1+
accounts for the different LS combinations and JFC =2+
(L is the orbital angular momentum o . .
between the 7 and the J/%, S is the sum @ Discrimination relies on correlations
of their spins) in specific phase-space regions
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Number of experiments / bin

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

107_..,....,...., T
E LHCb 3 Likelihood ratio test to
0E B discriminate between 17T and
F e Simulated J”°=2"* + Simulated J*°=1* 3 2= hypotheses
10° 3 H t > 0 favors 17+
F ] t < 0 favors 2=+
10° = N
E 2 t J test distribution for each
- [A data . 1 hypothesis from simulated
10°F a 4 T experiments
E A EY E P
2 A
0E ’ “ T Data favors 17+ over 2= at
P L 1 i i ] 8.4 o
-200 -100 0 100 200

t=-2 [ LEYL(TY]
@ Conventional charmonium fading: only ¢ possibility: x.1(23P;) but mass is off

@ non-conventional (exotic?) interpretation is favored

@ More measurements are needed to elucidate nature of the X (3872)

© More precise mass measurement (4+ D masses)
o Natural Width
@ Production properties and decay modes
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X (3872) Mass Measurement @ LHCb

If X(3872) is a D°D* bound state: m(X(3872)) < m(D°) + m(D*?)

'émw

S T LHCo
= j400f V=7 Tev
Z 1400

@ Using 34.7pb~!: inclusive

. _ 2 1a00f
selection of X (3872) — J/¢mtn 8
1000
smx:
00 :
Babar (J/y @ K) Gﬂﬂ:
BaBar B’ i 400
BaBar B* i lamy le: Eur. Phys. J. C (2012) 72:1972
LHCb o E I I L
Belle > 3600 3700 3900
CDE J Mi{dhy ) [MeV/c?)
PDG 2012: 3871.68 £ 0.17 m(.X(3872)) =
MO%)ME) R . 3871.95 £ 0.48 £ 0.12MeV/c?
3867 3868 3869 3870 3871 3872 3873 3874 3875 « L. . .
X(3872) mass [MeV/c'] Statistically limited

@ Using LHCb D° mass measurement [sHeP 06 (2013) o6s):
Ep = m(D°D*0) — m(X(3872)) = 0.09 £ 0.28 MeV /2
@ The result reinforces the conclusion that if the X (3872) is a molecule, it is

extremely loosely bound!
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L
Searching for new decay mode: X (3872) — pp

@ Search for intermediate states decaying to pp in the BT — ppK+
o With 1b~" of data [EPJC 73, 2462 (2013)]
o N(B* — ppK+) = 6951 + 176 and N(X (3872)) — pp = —9 + 8

§1m: LHCb E §
2 8o 2 3 2 X@sr2) X(3915)
s
< soof- = T
g 4|J[I: g
3 --A . - ‘a
% rtbhetotobiy -]
2 200 T o
8 - ot N '. 8 ......
oF— i .
5150 3800 3850 3900 3950 4000
5200 5250 5300 Saﬁﬂm [E‘?\?fc’] ", [Mevic]
- af= = 4
I 1 Fy i L A gttt}
= | 0 i E-ZE ' A B B 'g
al=, -4 — — —
5150 5200 5250 5300 5350 5400 3800 3850 3900 3950 4000
B(X (3872)—pp)

W <2.0x 1073 J @ Limit also on the never observed

1:(2S) — pp decay

B(ne(25)—pp) -2
B GoraRicn <31 %10
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X (4140) and X (4274)
@ X(4140) observed by the CDF collaboration in BT — J/¢¢K™ [pre 102
(2009) 242002] + X (4274) [arxiv:1101.6058]: candidates for exotic bounds state

LHCb, 0.37 fb_l, [PRD 85, 091103 (R) (2012)]

N(B* — J/ppK+) =382+ 22 (6
times more than CDF)

Fit to M(J/v¢) — M(J /1)) for
candidates within M(B¥) = £2.50 and
M(¢) = +£15MeV /c?

CDF fits overlaid scaled to 0.37fb—1:
N(X(4140))eap =35+ 9+ 6,
N(X(4274))eap = 53 £ 19

Fit results:
N(X(4140)) = 0.6 (< 7.1) [2.70
disagreement], N (X (4274)) = 0 (< 10)

LHCb does not confirm the narrow
structures near threshold

v

=10 .
e LHCb E
< 8 B'— JApo K* .
P (a)
2 6 -
©
5t i
2 ar
© L S
o

o
> ;
3t

a._ -
A" (b)
8o ]
5 1L J‘
£ o el
o

1000 1100 1200 1400

M(JApo)- M(le) [MeV]

BB L - X(4140)K T ) x B(X(4140) — Jjeh ) /B(B T — /K =) < 0.07 @ 90% CL

BB T - X(4274)K T ) x B(X(4274) — Jfp )/ BB T — J/w¢K T ) < 0.08 @ 90% CL
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Conclusions

@ LHCb has observed many new B. decay modes
@ Mass of B, known to < 1.5MeV/c?

o First observation of BZ,(5840)° and measurement of its natural
width by LHCb

@ LHCb performs mass and width measurements of excited D,
@ LHCb performs mass and width measurements of excited D

@ LHCb has established the X (3872) quantum numbers as
JPC — 1++

@ No observation of X (4140) and X (4274) by LHCb

@ Most of the analysis done not with the entire statistics available:
new and updated results coming soon!
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Backup Slides
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Systematics B, — J/ng*H

Source Uncertainty (%)
Simulated efficiencies 1.0
Trigger 1.1
Fit model 1.8
Track reconstruction 2x 06
Hadron interactions 2x20
Track quality selection 2x04
Kaon identification 3.0
B lifetime 1.0
Stability for varous data taking conditions 2.5
B(D = (K K" )ar") 5.6
Total 8.4
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Systematics B — Bin*

Source Dot (%) Jibd (%)
BT fit model 30 12
B mean mass - 2.0
B mass resolution - 5.2
BZ signal model 15 1.7
Combinatorial background model 18 03
Partially reconstructed background 1.8 1.7
Data-simulation difference 37 3.7
B lifetime 58 7.4
Total i 10.4
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Exotic states

State m (MeV) T (Mev) J°¢ Process (mode) Experiment (£¢0) Year Status
X(3872) 3871.52+£0.20 1.3+0.6 1**/2% B K(rtax J/¥) Belle [85, 86] (12.8), BABAR [87] (8.6) 2003 OK
(<2.2) pp— (n*7w"J/Y)+..  CDF [88-90] (np), D@ [91] (5.2)
B = K(wJ/¥) Belle [02] (4.3), BABAR [93] (4.0)
B - K(DD% Belle (94, 05] (6.4), BABAR [96] (4.9)
B - K(+J/4) Belle [92] (4.0), BABAR (97, 98] (3.6)
B — K(vv(29)) BABAR [08] (3.5), Belle [99] (0.4)
X(3015)  3915.6+3.1 28+10 0/2°° B - K(wi/v) Belle [100] (8.1), BABAR [101] (19) 2004 OK
e ete (wlfY) Belle [102] (7.7)
X(3940) 394272 Eiasid ? etem = JfUDDY) Belle [103] (6.0) 2007 NC!
etem = I () Belle [54] (5.0)
G(3900)  3943+21 5211 17~ ee —~(DD) BABAR [27] (np), Belle [21] (np) 2007 OK
Y(4008) 4008115 226297 17T efe —q(ntaJ/u) Belle [104] (7.4) 2007 NC!
Zy(4050)* 4051734 823 7 B - K(rtxa(1P)) Belle [105] (5.0) 2008 NC!
Y(4140)  4143.4+3.0 157"} 7t B K(pJ/v) CDF [106, 107] {5.0) 2009 NC!
X(4160) 4186135 1301?70 efen = J/Y(DDT) Belle [103] (5.5) 2007 NC!
Zo(d250)% 4248t 177 ? B - K(r*xa(1P)) Belle [105] (5.0) 2008 NC!
Y(4260) 1263+5  108+14 1 cte” —a(nta J/W) DBABAR [108, 109] (8.0) 2005 OK

CLEO [110] (5.4)
Belle [104] (15)

ete” = (r T Jf) CLEO [111] (11)

efe” = (r'7"J/Y) CLEO [111] (5.1)
Y(4274)  d2rddtil 0 32122 P B K(6J/Y) CDF [107] (3.1) 2010 NC!
X(4350)  4350.6%E% 13.3*131  0.2%%  etem o ete(6J/Y) Belle [112] (3.2) 2009 NC!
Y(4360)  4353+11  96+42 17 efe” —y(nta (25))  BABAR [113] (up), Belle [114] (8.0) 2007 OK
Z(4430)%  4443%3) 1073 ? B — K(rty(28)) Belle [115, 116] (6.4) 2007 NC!
X (4630) 463449 92l 1 etem —a(AFAD) Belle [25] (8.2) 2007 NC!
Y (4660) 486412 48+15 1T efe” —y(ntay(29)) Belle [114] (5.8) 2007 NC!
Y,(10888) 10888.4+3.0 30.7°%Y 17~ efe = (rfr T(nS)) Belle [37, 117] (3.2) 2010 NC!
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DY mass measurement

LHCb 846 + 36 events ]

g
2
[+
2 g
3 o D' - KtK~K~rt from B
] semileptonic decays
BRI I @ Semileptonic decays: good
M(K"K K'n) [MeV/c'] background reduction and high
trigger rate
ACCM
- @ DY decay has low energy release:
low systematic
CLEO
PDG Average 186492 20,16 @ Main source of the systematic
LHCb error is the calibration of the
Sew mverage 136484 0013 momentum scale of the detector

H
1863.5 1864  1864.5 13650 1865.5 1866
D" mass [MeV/c?]

m(D%) = 1864.75 4 0.15514¢ & 0.115y5t MeV /c?
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D mass measurement

£ b LHCH @ 3
2 b E
S ok E
] E E|
£ w ]
5w E
S
oo taemnese SR
E L 1 1 L 3
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MK'K % ) [MeV/e?]
= 30000,
%
= 25000,
o
> 20000;
élm
£ 10000
o
s

1850 1900 T —
M(K*K ") [MeV/c?]

Using D - KTK 7wt~ and D

Comparison plot

CLEO
E691

CLEO2

CDF2 booe

BABAR e

PDG Average 98854 0.25 Lo
LHCb

New average 98.60 + 005

97 915 W 9 99 1

H 95
(D7) - M(D") [MeVie

Comparison plot

CLEO
E691

CLEO2

CDF2 —_—

BABAR L

PDG Average 98.854 0.25 L
LHCb

New average 98.69 £ 005 | |

97 975 98 98S 99 995 |
M(D?)- M(D") [MeVre’]

g;) — KtK—nt:

M(DV) — M(D®) = 4.76 + 0.125¢0¢ & 0.07yst MeV/c?
M(DF) — M(D") = 98.68 & 0.03544¢ % 0.044y5; MeV/c?
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1111l . AkRA: B 5 6
X (3872) Angular Analysis

@ Only mm P-wave contribution included

@ Decay amplitude constructed in helicity formalism

2
Mm@l = 3 |
AXxp=—1,+1 AJN, sAmwr=—1,0,+1

Ix
AAJ/,J,,A,,,, X DJO,Ale_Mm(d’x’ax- —¢x) X

2
05, 0(@mms Orere, —dbrer) xniJN, s o, B3/ 03/ —B3/) '

@ Helicity coupling A,\j/w,A” include one complex parameter « for
JPC = 2% No free parameter for J¥¢ =1+ +.
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X (3872) Angular Analysis

Ndata 2
—QIDE(JX = —25, Z Q|JX)| ( )

I(Jx)

o Normalization I(Jx) = [ dQM(Q]Jx)[*e(2)

@ MonteCarlo integration uder the two hypothesis J¢ = 1++ /2=
with detector acceptance/selection efficiency ()

@ Background subtraction through sWeighting w; (scale factor s,,)

o Fitting the 2= hypothesis for helicity coupling:
a = (0.671 4+ 0.046, 0.280 pm0.046) compatible with Belle result
[PRD 84, 052004]

o Test statistic to determine JP¢: —2In[£(27F)/L(17+)]
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Fit to the Unnatural Parity Sample and Total
sample

Candidates / (4 MeV)

g

il
2400
m(D") [MeV] m(D") [MeV]

@ Unnatural Parity Sample: fix all resonances parameters except for
D1(2420)°

@ Total: all resonances parameters fixed
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Fit to the Unnatural Parity Sample and Total
sample

w
T

pull
°
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o Cross-feeds (in red) produce a distortion of the D3(2460) and
D3(2460) and D% (2650) lineshapes
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150

Candidates / (25 MeV/c?)

Width [MeV/c?]

R. Cardinale on behalf of the LHCb Collaboration

100f
50f+...

O |
3800 4000

A ,tu~ resonance in Bt — K p pu™ at low
recoil [arXiv:1307.7595]

T

« data

— total E

~ nonresonant

------ interference

--- resonances -
background

44‘00 46‘00
m.- [MeV/c?]

- P(4160) - Y(4260)

4200

— LHCb best fit

[
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G 8 &
2log(L.

—
(=}
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o small recoil — ¢* = m?,, above DD

threshold

@ 9(3770) included with fixed

parameters

@ One additional resonance:

M = 419115, T = 65722 MeV /c?

compatible with )(4160)

© Y (4260) disfavoured by more than 40

B(BT — ¢(4160) K1) x B((4160) — utp~) =

3.5=09) x 109
0.8
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