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Outline

> Brief view of the LHCb experiment

> Charmonium-like exotic states (X, ¥, Z)
> Excited B states

> B measurements

> Conclusion and prospects
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The LHCb Experiment

SPD/PS

A
Magnet M) | &AL

| |1|l|l|i

..... K .. RICH] :

-Smi—

oooooooooooooo

> Designed for heavy quark physics
> ~(.04 fb-! data collected in 2010

> ~1 fb-! data collected in 2011

> With around 1.5x101! 5 events in the
acceptance, LHCDb is shedding light on
the nature of heavy flavour spectroscopy
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LHCDb Integrated Luminosity at 3.5 TeV in 2011
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o Delivered Lumi: 1.2195 /fb
o Recorded Lumi: 1.1067 /fb
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X Y Z States

Recently, discoveries or evidences have been made in the well
understood charmonium system and new resonance structures found
are noted as X Y, Z to indicate their unknown nature

State m (MeV) r (MeV) JFe Process (mode) Experiment (#0) Year Status
s 4. 3871.52£020 13306 1°7/2* B K(z'x J/v) Belle , BABR 2003 OK
w Many models exist: X(3872) (<22) pp— (xx-J¢)+..  CDF.DO
B — K(wJ/v) Belle BAB®
. . B - K(D*°D0) Belle, BABW
f k B — K(v¥(25)) BB, Belle
our quar S X(3015)  30156+3.1 28+10 0/27t B - K(wJ/v) Belle, BAB® 2004 OK
o ete™ 3 eTe  (wl/v) Belle
> Molecular state: Loosely Xou0, G R G v koD S g
bound mesons | | el G
G(3900) 3043421 52411 3~ ete~ — (DD) BABR, Belle 2007 OK
> Charm()n]um hybr]dS: Y (4008) 4008133 22697 1=~ ete™ = A(xtx=J/Y) Belle 2007  NCI
. . Z,(4050)*  4051*2% 82431 7 B - K(x*xa1(1P)) Belle 2008  NCI
charmonium states with an  X(4740) waeso =52 2 ek COF 2 NG
) ° +:.:° +113 ?7; o= 3 /o Mo
Z>(4250)* 42487 ¢ 1777%5 7 B = K(z*xa(1P)) Belle 2008 NCI
freedom Y (4260) 426345 108414 1  ete = A(xtx-J/Y) BABAR 2005 OK
CLEO
> Threshold effects Belle
ete” = (x*x~J/y) CLEO
ete™ = (x%2%J/y) CLEO
Y (4274) 4274.4*24 gt ™ B = K(¢J/v) CDF 2010 NC!
= Focus on Curl‘ent LHCb results X (4350) 4350.6°3% 13318 02t etem o ete(oJ/Y) Belle 2009 NC!
Y (4360) 4353+ 11 06142 & ete” = 4(r*x-y(2S))  BABR Belle 2007 OK
OfX (3 8 72) and X (41 40) Z(4430) 4443* 7% 107443 ? B — K(x+y(25)) Belle 2007  NC!
X (4630) 4634* 5 02+ i ete= = 4(AFAD) Belle 2007  NC!
Y (4660) 4664412 48415 e ete™ - vz =" ¥(29)) Belle 2007 NC!
Yo(10888) 108884430 30783 17  ete o (xtx T(nS)) Belle 2010 NC!

“Heavy quarkonium: progress, puzzles, and
opportunities”, arXiv:1010.5827
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X(3872). MGSS Meqsuremenf LHCb-PAPER-2011-034

arXiv: 1112.5310
Submitted to Eur. Phys. J. C

> In molecular state hypothesis,

the mass should be below the cor ! L e
- 2] : ; : : : :
D*D? threshold R |
BaBar B’ 2] k = i i '
. Do B3l 1 | M
> Results shown in summary plot, - DTN |
) ° ° ° Clic |—.-4
more accuracy is desired to see if it LHCb (arive1 112.5310) N |
is above9 at, Or belOW thrEShOld New average 3871.66 £0.18] ‘ | I'C'l
M(l)"')*l\‘l(l).)[sl | | | | . |
© "% teb o SORR. OV T TPTIR Y | Lo0n, S
g 1400F-\'s = 7 TeV A ' 3867 3868 3869 387())( (gg% )?gzszs [ﬁg /"3%74
N
g 0 > First measurement in LHCDb with
-
z " | 37 pb! data gives:
800 1
& WW Mix@as72) = 3871.95 + 0.48 (stat) + 0.12 (syst) MeV
r -
400 °
v > Further measurement with 1 fb-!
200 [ ] [ ] [ ) [ )
. | . data ongoing to pin down the statistical
3600 3700 3800 3900 error to ~0.12 MeV
M(J/y * ) [MeV/c?]
[1] CDF Collaboration, Phys. Rev. Lett. 103 (2009) 152001 [4] Belle Collaboration, Phys. Rev. D84 (2011) 052004R
[2] BABAR Collaboration, Phys. Rev. D77 (2008) 111101R [S] Particle Data Group, J. Phys. G37 (2010) 075021

[3] DO Collaboration, Phys. Rev. Lett. 93 (2004) 162002
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X(3872) : Cross Section(1)

Cross section measurements also help in testing different models,
calculations have been done for LHC using molecular nature and
results from Tevatron
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- The predictions in n<[2.5, 4.5] and pr <[5, 20] GeV give

> Prompt + b cross section: 13 £ 2.7 nb

w Using 35 pb-! data, LHCb made an inclusive cross section measurement

12F2F 28R EHI—



X(3872) : Cross Section(2)  LHCh-PAPER-2011-034

Submitted to Eur. Phys. J. C
w The measurement is done using:

Nx (3872)

X BR(X(3872) — J  —
O X(3872) (X( ) /YT o % it BRI S )

> Nx@3872), the number of reconstructed X(3872) — Jw(—u w)nn
> %ne=34.7 pb~l, the integrated luminosity used
> €10ty the total reconstruction efficiency
> Br(J/w—u ), the J/w—u u branching fraction
w We obtain the inclusive cross section in n<[2.5, 4.5] and pre<|[S5, 20] GeV:

0x(3872) X BR(X(3872) — J/¢m"n™) = 4.7 £ 1.1(stat) & 0.7(syst)

w The measured value is 2.86 smaller than the prediction in previous slide

w Measurements with 1 fb-!is ongoing and we will separate prompt and b
component and measure it as a function of prand n
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Search for X(4140) (1)

CDF observed a narrow structure X(4140)—J/yo (also named as Y(4140))
in B—J/wpK decay with 6 fb-! data

2
Y
o
2
—
o

Candidates per 10 MeV/c

> In CDF, 19+6(stat)x3(syst)
resonance events within 115+12(stat)
reconstructed B—J/yoK events:
3.80 significance and mass:

b)

o
1
o
T

N
T
o9
T

4
T

N <N
T

M x (4140) = 4143.472 39 (stat) + 0.6(syst)MeV

nNo
o

wl
L

3 L5 A o e 01 L 12 13 14 18
3.16 significance at higher mass: m(uu KK )-m(ut) [GeVic? m(u KK )-m(u') [GeVic

Candidates per 10 MeV/c

i
)

> CDF data also suggested a
second state with 2218 events, 0

M — 4274.41_2:%(8«[;&1;) + 1.9(syst)MeV CDF Collaboration, arXiv:1101.6058

> With 0.38 fb-! of data, LHCDb also performed a search using
346 + 20 reconstructed B—J/yoK
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Submitted to Phys. Rev. D

Search for X(4140) (2) o

1.2

§ s 1
3 2 | LHCb 1 3-body phase space
20 i background
%0 LHCb simulations _.8 6
o B'— J/yoK' ©
: 9 I
"t Effici 5
. iciency S
E 2
o.'...l....l....l....u
1100 1200 1300 1400 |
Mer ) Ee] . ) Parabolic X 3-body
7£5 events” &' (b) _. phase space
P background
Scaled from CDF: ;§ bl 5
35+9+6 events © [ o j!
S 2 MI ‘ | ‘I nl
0.6x7 events l‘ﬁ"r ol R e ol e s

1800 1100 1200 1300 1400

M(J/wo)-M(JAy) IMeV] :

i 2.40 disagreement

B(B* — X(4140)K*) x B(X(4140) — Jhy ¢)) < 0.07 0.149+0 Og?,9:|:0 024
B(B+ — Jhp¢K) o ) ) )

at 90% CL vs CDF:
B(B* — X(4274)K*) x B(X (4274) — Jf ¢)
B(B+ — Jhy¢K+) < 0.08 0.17+0.06 (stat.)

Not Confirmed
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Orbitally Excited Bis)” Mesons  i¢-conrams:

> Compared to open charm meson excited states, little is known
in B mesons.

> B™s and B™*” measured to some extent by Tevatron, while B***
is missing in the story

> The search is done in LHCb by looking at invariant mass
distributions of B*K-, B*n and B’n" relative to threshold

Q(h) = m(Bh) —m(B) —m(h)

K T 7l

B.1(5830)° |Bi(5721)°
Bs2(5840)° |B2*(5747)"
B(*)o B**+

B9+

> Using B for reconstruction instead of B*, and B** mass may be
shifted by 45.78+0.35 MeV (M(B") - M(B))

122H28H 28— 10



Or'b|'|'qlly EXCi"'ed BS** Mesons LHCb-CONF-2011-053

Preliminary
e 4o 3 >Using BY"+ K invariant mass
:‘: Preliminary NB-w= 188119 NB_, - T08LAS
ﬁ == 336 pb'\'s = 7 TeV Data Q, = 10.36:0.08 MeV/c® °a;,= 66.82 + 0.13 MeV/c®
.§ 250 O, = 0.65:007 MeVic® o = 1.85:0.13 MeVic > ReSOlu ti()n - 1 MeV, lal‘ger
- i cd b kbt Boud  than intrinsic widths
150 ‘ P RS L g : ‘ u+,+’ ¥ T ..:
100 ? A ‘ = . . . . . .
. P 4 > Fit with Gaussian distribution
0 Wrong sign combination = : )
¢/ D= 1 forsignals and threshold function
% 20 40 60 80 100 120 140 160 180 200

Q(K) (MeV) (Q%PQ) for background
> Measured masses

Mpo = (5828.99 % 0.084a¢ + 0.134ys + 0.45550>°) MeV

syst
Mpy = (5839.67 % 0.1345; % 0.17,y, & 0.29525) MeV
> Significance Consistent with
revious measurement
B®+ + K~  Significance P
B;}‘{’ — B*T K~ 12:90
B;‘S —% BTK— 220

126£2H28HEHI— 11



Orbitally Excited B™ Mesons(1) 'ichoonriones

> B! B > Bt —>B
> B"—>B"*r : >B)'->B'w >B—B'r : >B:"—B'mw

o 200 'B_' o — ,‘LHéb o o a0 . o "' S .:LHéb o
8 180 NB: 525.5 =414 \ ) " N Preliminary 3 NB: 231.4 =40.3 " . Preliminary
\ TN By TN ] E 0E e s 398 pw"is =7 TeV Date
<« 140 N‘:438.1 + 65.4 2 . - % * * \ [, b3 < 100 NA: 4425 +74.2 2 { . »
= 120F- 210 L ee evier o N LT g - e 2412 - .09 MV N ™. 3
N .1, o ; * f - 80 12 4. !mj'ﬁ"i“i:. l}_‘; X i
§ 80 ’ 5 60
S 60 0 .
" 40 BT a 40 i~ BO
20 jphigit . R :
]?00 - 200 . 300 . "'"“;;0 — 5300 ](.)00 — 200 ". ‘“”‘;300 o 450 . 500
Q(7) (MeV) Q(m) (MeV)
> Resolution ~ 3 MeV, smaller than intrinsic widths
> Fit with Breit-Wigner function for signals
> Mass difference between two B2 channels fixed to 45.78 MeV:;
Width of B2’™ fixed to be the same when fitting its two channels;
Relative yields fixed to 0.93 £+ (.18 based on theoretical prediction!!ll?];
Widths of B’ and B:" fixed to be 0.9 + (.2 based on prediction!?]
[1] M. Di Pierro and E. Eichten, Phys. Rev. D64 (2001) 114004 [3] A. F. Falk and T. Mehen, Phys. Rev. D33 (1996) 231-240

[2] Particle Data Group, J. Phys. G37 (2010) 075021
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Orbitally Excited B Mesons(2) Ltc-conr-zotoss

Preliminary

> Measured masses
Mpo = (5724.1 % 1.7gat £ 2.05yt £ 0.555°%°) MeV

Mp: = (5726.3 £ 1.9 £ 3.05ys + 0.5, %>) MeV “
M B = (57386 1.2 £ 1.2 =+ 0.3§$ass) MeV / New identified states
Mps+ = (5739.0 £ 3.3¢a1 £ 1.6gyss £ 0.3550°%°) MeV

> Significance

Significance B™7* + pion BW™Y 4+ pion

By — B*w 13.50 9.90
B5 — B 8.00 4.00
D5 — B*w 2.60 Oo

> Our measurements are consistent with the previous results and
further extend the excited B spectrum into B***

122H28H B 13



B. System

> B.meson: unique state in Standard Model formed by two
heavy quarks of different flavours

> B.production: O(10) times more than Tevatron in LHC, cross
section measurement " Understanding of production mechanism

> B.mass spectrum " Quark model and pQCD test

> B.decays: both heavy quarks can decay, lifetime only 1/3 of
B() mesons

> B lifetime measurement " Dynamics of heavy quark decay

> Few decay channels observed, new continent to explore

12522 28H 2/
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B. Mass Measurement

—~ 22
1 ° § 20
> Based on 35 pb™ of data using 2
B —J/wn* decay S s
‘é 14
. 12
> Signals: 28+7 "
8
(] [ [ o 6
> Fit with Gaussian + exponential )
background 2
0
cor ! .
cor P! .
DU
PDG average 6277.13+ 6.00 e
LHCD Preliminary o
New average 6272.95 +5.17 e
6200 6250 6300 6350 6400

B! mass [MeV/c?]

LHCb-CONF-2011-027

Preliminary

[T TTATTTTT III|III|III|III|III|IIIJ

T | T T T T T T T T | T T T T | T
LHCDb
Preliminary
\'s =7 TeV Data

%

o F%

=

P z
;ﬁ;huhu||||||||||||||||||||||||Jf

—

I | L L l | I [0 L

6300 6400 6500

6100 6200 )
My, e (MeVic?)

M(B:*) = 6268.04.0(stat)=0.6(syst) MeV

[1] CDF Collaboration, Phys. Rev. Lett. 100 (2008) 182002
[2] DO Collaboration, Phys. Rev. Lett. 101 (2008) 012001
[3] CDF Collaboration, Phys. Rev. Lett. 81 (1998) 2432

[4] Particle Data Group, J. Phys. G37 (2010) 075021

129F2F28H EHI—
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B Cr'os S Se C'|' I on LHCb-CONF-2011-017
C

Preliminary

> The measurement is done using B*—J/w K™ as reference channel

o(BZ) x BR(BE — J/yr*) _  N(BE)
o(BE) x BR(BE — J/ywK*) — rel 7 N(BE)

for pr(B) > 4 GeV and ne [2.5, 4.5]

> €rel ¢ the relative efficiency between B and B* decays

Obtained from Monte Carlo

Unknown spectrum of B. taken into account by binning
efficiencies in prand n

o(Bf) x BR(BX — J/ym%) B i
o(B%) x BR(BE — J/yK*) ~ (222 0:85tat £0.25y5t) %

129F2F28H EHI—
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> The branching fraction is 1.5-2.3 times more than B, —J/yn™,
though detection efficiency is ~10 times lower due to two extra pions

LHCb-CONF-2011-040
Preliminary

> The measurement is done with respect to B.—J/wn™ to test
different phenomenological predictions

30

25

20

15

Candidates/10 MeV

10

5

50

Candidates/10 MeV

10

5800 6000 6200 6400 6600 6800

LHCb
Preliminary

58.2+9.6 Sy

G /AL L B

Pil’ 9.7+1.6 MeV-

o0
40
30P%

20

Jiyr?
12.7+1.6 MeV-

g A I I

0

M(J/yr*[rn*]) [MeV]

> By looking at difference
between fit w/o signal, significance
of signals is 6.8(11) sigma

> With the efficiency ratio of

0.119+0.006, we determine the
branching fraction ratio to be
3.0+0.6(stat)=0.4(syst)

> QOur result favours prediction %r

ratio ~ 2.3/ using QCD sum rules

[1] A. K. Likhoded and A. V. Luchinsky, Phys. Rev. D81
(2010) 014015

129F2F28H EHI—
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B.—J/ l|)1r1-(1-|-(2) LHCb-CONF-2011-040

Preliminary

% 25 | | I % 25 I T | T T T T | T T T T I T T
= =
o ool LHCb 1l e LHCD
S Preliminary % Preliminary
g B.— J/iyn'n'n* % B.— J/yn'nnt
< 15 a _ o B
O - o
2 :
8 10 I — O —

SH — —

+ +#¥+ +
| 1 1 | 1 1 h |

1000 2000 3000 1000 1500
M(r*n*) [MeV] M(n*n’) [MeV]

> Background subtracted distributions of (37r) and (27) invariant mass
> Dominated by B.*—J/wa;"(1260) with a;7(1260)—p’z*

> Need more statistics to observe B."—y(2S)n" and B."—X(3872)x" in
the decay as in B*—>J/wn'n'm

122H28H 28— 18



Conclusion and Prospect

Results shown are made with part of luminosity collected, lots of other
measurements are ongoing with full 1 fb-! data

w X, Y, Z states:

First studies of X(3872) and X(4140) demonstrate potential of
LHCD to explore exotic meson sector. Future results with larger
data set will build on this

w B " and B.system:
LHCD has access to the poorly explored B)™ and B, sector,

and will significantly improve the knowledge of their properties
and decays

122H28H 28— 19



BackUp Slides
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X(3872): Systematic Uncertainties

> Mass measurement

Category Source of uncertainty Am [MeV/cT]
¥(2S) | X(3872)
Natural width - 0.01
Mass fitting Radiative tail 0.02 0.02
Resolution - 0.01
Background model 0.02 0.02
mlw
n dependence of momentum scale | 0.02 0.03
Detector description Energy loss correction 0.05 0.05
Detector alignment Track slopes 0.01 0.01
Total 0.10 0.12
> Cross section measurement
Source of uncertainty Ac /o %)
X (3872) polarization 2:1
387 ecay mode .0
S e oy 5 Width and resolution
Mass resolution 5.8 «

Background model
Tracking efficiency

64 <«—— Background model
74 D p—

Track x? cut 2.0 Tracking efficiency
Vertex 2 cut 3.0
Muon trigger efficiency 2.9
Global event cuts 3.0
Muon identification 131
Integrated luminosity 3.5
J/¥ — p*p~ branching fraction 1.0
Total 14.3

12522 28H 2/
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