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e Exotic baryon resonances in A9 — J/iy pK~

o Amplitude analysis and resonant caracter NER{SRRNEL0NI) Moy lo[ohk
o Model Independent confirmation [EIRSNVAIKIZN0YA0}s

NEW e Search for exotic hadrons in A — J/i pr [ Ele R g a e R

NEW e Search for exotic hadrons in BT — Jip oK+ [MEIER NI
LHCb-PAPER-2016-019

o Search for X(5568) — B0 [MIENCEIEEIITRNA

All results based on 3fb~" (Run 1)
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: JINST 3 (2008) S08005
The LHCb experiment (2008)
IJMP A30 (2015)1530022

LHC has record numbers of b (and ¢) hadrons:

opp =250 ub @ 7 TeV 0z = 20 X 0,5
LHCb designed to study rare decays and CP

violation in b-hadrons FU/{;/
ideal place also for spectroscopy 5

Backward

single-arm spectrometer covering the forward g%f
pseudorapidity region 2 < n <5

g, et

excellent performance:

@ vertexing and tracking:
good time of flight and
invariant mass resolution

@ PID for pions, kaons,
protons and muons

@ calorimeter

Trigger on high-p; lepton or
hadron from displaced vertexes
c and b-hadrons

Tracking

N |_
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. PRL 115 (2015) 072001
A} — J/vpK o
This decay mode, not observed before, found to have large rates and low
background
Used to measure the A9 lifetime with 1 fb™! collected in 2011

PRL 111 (2013) 102003

3 7000F
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¥ 6000F

Clean signal of 26,000 candidates with 5.4% £ 5000

background within +2¢ in the whole Run 1 ﬁ:zzs

data sample (3 fb™ 1) 2000
1000F
:

5500 5600 5700

<{|;‘ F
] & My MeV]
Fa ... but the Dalitz plot has
N
€ 2of unusual features:
20f vertical bands for A*'s
18} .
s Horizontal band??7?
16F, ‘ . .
2 3 )

5 6
mz, [GeV7]
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: . PRL 115 (2015) 072001
Dalitz plot projections )
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many A* = Interference! reflections from m(Kp)?

or exotic resonances???
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PRL 115 ( ) 072001

Amplitude Model

Six-dimensional amplitude fit: invariant mass, three helicity angles and
two differences between decay planes. Allow for two interfering channels:

A — J/pA* A9 — PIK—

A, rest frame o-n
[} "=

A, rest frame
L2

4 rest frame

1ab frame lab frame
State JP My (MeV) Ty (MeV) # Reduced # Extended
A(1405) 1/27 14051115 50.5+£2.0 3 4
A(152 3/27 15195+1.0 156+ 1.0 5 )
all known A™ resonances (Extended) 451;08 f??* ° )16)00 015 0150 ) ; 2
or . \
) ) A(1670) 1/2- 1670 35 3 4
just well motivated (Reduced) A(1690) 3/2- 1690 60 5 6
All allowed L values A(1800) 1/2~ 1800 300 4 4
A(1810) 1/2* 1810 150 3 4
A(1820) 5/2+ 1820 80 1 6
Resonance mass shape: Flatté or A(1830)  5/2- 1830 05 1 6
Breit-Wigner A(1890)  3/2* 1890 100 3 6
o A(2100)  7/2- 2100 200 1 6
Angular distribution in helicity i :
formalism A(?ll()) 52 ?110 200 1 6
A(2350) 92+ 2350 150 0 6
A(2585) ? 32585 200 0 6

INFN b —
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; PRL 115 (2015) 072001
Amplitude Model: results
Two exotic states are required to obtain an adequate fit
— Sef
— g anf *t LHCb
2600— ** ‘++
Esoo— *ﬁ' M;W“
400F~ "‘
200 f‘
100—?
o i
Myryp [GeV]
Interference between two P. of
opposite parity required to explain the The P. parameters from the
P. decay angular distribution "reduced” fit are
c decay ang P(4380)* Pe(4450)*
s> —— Combined P, 7P 3= Bt
2 —— P,(4450 2 2
£ of. 0P ,;24380; Mass [MeV/c?] | 4380 £8+£29 44498+ 1.742.5
s - . Width [MeV/c?] | 205 + 18 = 86 39+£5+19
%300; arXiv:1509.04051 | Fit fraction [%) 8.44+0.7+4.2 414+05+1.1
sk Significance 90 120
(&}
L significance from pseudo-experiments
.1, . ‘ (includes systematic)
Y 7, ‘-—.—_.__-—" ol . . o
2 i The combined significance > 150
-1 -08 -06 -04 -02 0 02 04 06 08
IN:}? cos(epc)

C
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PRL 115 (2015) 072001
Resonance? (2015)

Real and immaginary part of the amplitude determined independently in
6 bins between M—T and M + F

70-0'35 -0.3 -0.25 -0.2 -0.15 -0.1 -0.05 0 0.05 Ol 015 -0.1 -005 0 005 0.1 0.15 02 025 03 035
Re A% Re A%

The P.(4450) amplitude shows a phase variation consistent with what
expected for a Breit-Wigner resonance

Not conclusive for P.(4380)

b
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Model independent analysis of A% — J/1pK~

The Ax spectrum is the largest systematic
uncertainty in the P. observation

The NR K™ p component could have non trivial
mass-dependence
Model independent approach: no assumption

on A", X or NR structure

Only restrict maximum spin of A* component
in each interval of Kpi invariant mass

m, [MeV]
T \§| T

2200F

1600}

arXiv:1604.05708

Theory predictions for A*
Well established A* states

I

= Only low-spin
= states at low masses
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Model independent analysis of A% — J/1pK~

Hypothesis: data can be described by Kp mass and angular structures

LHCb

Neand®

arXiv:1604.05708

Moments from data in bins of m(Kp)

(PUYk = Z (wi/es) Pr(cos 0.
" ’»‘.‘..‘ =1 1=2 1=3
’ Toveses, :‘”""’»«. fo
+ )
s t t t
1 1=4 1=5 I=6
S 5(
g - 0 . e £aily
S . " LHCb
S sy | .
) ox 1=7 1=8 1=9
In each bin of m(Kp), the cos 6. Y,
distribution in terms of Legendre VAN V. v
polynomial E ' ' ;
l 1=10 1=11 1=12
dN max 1
= S (PY)Pi(cos i) : .
dcos Op« S e -
l_O -500EL n L L
L5 2 L5 2 2
Rank lmax < 2Jmax my, [GeV]
Jmax : highest spin in m(Kp) bin
INFN —
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Model independent analysis of A% — J/1pK~

Yield / (20 MeV)

Phase-space A9 — J/1pK~ MC weighted by m(Kp) and moments

m(J/yp) in data vs weighted MC

(A* reflections based on moments)

1000 ﬂ
C $
800 %
600
4001~ Background subtracted
200 efficiency corrected
0 L L I I I 1
4 42 4.4 4.6 43 L
My [GeV]

Number of pseudoexperiments

Likelihood ratio (pseudoexperiments)
for various hypotheses

%
S

S pAQKDIH) o0

S F(AC2NL)IH)

=y
3

500)

*
A — Bif

Gaussian fit

=
S

] —*— AP (4380) =205 MeV
300]

IS
8

T T[T T[T T T T T

80 A%, 05605000150
P(4380) I'=205 MeV,
P(4450) T'=39 MeV
20
o . A L L I I 1
0 50 100 150 200 250 300 350 400
A(-2InL)

The hypothesis that data can be described by reflections of Kp structures

is excluded at 9o

INFN
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Search for exotics in A9 — J/¢pr™ NEW

Cabibbo-suppressed — observed by LHCb

B(A) = J/¢pm”)
=0.0824+0. :
B = J/upK-) 0.0824 £ 0.0025 (stat) % 0.0042 (syst)

Observing the same P states in a different decay mode could indicate
they are really resonances and not some kinematical effects

Wang et al; arXiv:1512.01959 )

Cabibbo-suppressed A9 decays to baryonic exotic resonances

dq - c

W {ﬂ]” :E i

’ ¢ b W d

Ag[’u —P\\ P Agl:u R e A )

d —>—\ e d _’Nﬁ:\z

d

are predicted to have  Chens Chua anxiv1soo.0370s |
_ B(AY - 7 PF)

T B(A) - K-P:h)

R OO0

B - ~0.07 — 0.08

v -
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_
A} — J/vpr

NEW
Similar candidates selection as for A} — J/1pK ™, with additional vetos for

specific background sources (B® — Jip K n=, B = JWK K=, A = K71 7)

N ] < aof o
g 500 - 3 § : (a) LHCb_E
Z 400F 3 & 26} E
i E E Y of k|
5 300F 3 Bl E
3 F ] 2F 3
200 E 20F :
100} 3 18f ]
o ] . 16E i N P

55 5.6 5.7 2 i 6
M jyypr [GeV] mZ, [GeV?]

No striking features in the Dalitz plot, perform amplitude analysis
Ay — ZFp

As in the CF mode, six-dimensional fit
P rest frame

A, rest frame -
. . . . Z
to interfering amplitudes. In this case: .

o A) — J/N* -y e
o . Z.(4200)" — J /i I e Sl
o A, = Pim reported by Belle in 77 Zerest frame
0 _ BY — JyKr
° Ay —Zop PRD 90 (2014) 112009 Jab frame
N
N

INF b —
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Amplitude model fits to A9 — J/vpr™

State JP My (MeV) T (MeV) RM EM
NRpr 1/2- = . 4 4
N(1440) 1/2+ 1430 350 3 4
N(1520) 3/2- 1515 115 3 3
N(1535) 1/2- 1535 150 4 4
N(1650) 1/2- 1655 140 14
N(1675) 5/2~ 1675 150 3 5
N(1680) 5/2+ 1685 130 0 3
N(1700) 3/2" 1700 150 0 3
N(1710) 1/2+ 1710 100 0 4
N(1720) 3/2+ 1720 250 3 5
N(1875) 3/2" 1875 250 0 3
N(1900) 3/2+ 1900 200 0o 3
N(2190) 7/2- 2190 500 0o 3
N(2220) 9/2+ 2250 400 0 0
N(2250) 9/2- 2275 500 0 0
N(2600) 11/2= 2600 650 0 0
N(2300) 1/2F 2300 340 0 3
N(2570) 5/2- 2570 250 0 3

'
(=]
=
(=
(=]

Free parameters

The m(pm ™) projection is adequately
described by fits with N* only
Exotic components seem not required

Include in the fit
@ all known N* (Extended)

@ only well motivated (Reduced)

All L allowed

Limited sample size: fix P. and Z.
parameters when testing if their
amplitudes are required

LHCb ‘ el I‘)ala !
L . —— RMN*Z42P, Fif
+ o EMN* Fit ]
S P(4450)
S Po(4380)
- Z,(4200)

—
(=]
)

Yields/ (25 MeV)

LHCb-PAPER-2016-015

NEW

INFN
(_
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LHCb-PAPER-2016-015

Fits with and without exotic hadrons NEW

The amplitude model without P. or Z. amplitudes may appear adequate in the
projections, but exotic components are required for an acceptable fit in all
regions of variable space

e Z,(4200)

All events mpr > 1.8 GeV
o E¥ T ¢ ¢« ] ¢ & & T [ T T -F Fame FE T ® &g ¢ ¢ & ¢ ] ¥
a0 @ + LHCb 1 % YF ® LHCb
i 1 = 35 E
7 R 30F 3
] = E —s=— Data B
1 & 25F — RMN*Z42P, 3
12 o EM N* Fit ]
4 .9 20F E
1> F S P4380)

55 45 5 55
My [GEV] M1y [GEV

Differences in a six-dimensional fit often manifest only in restricted regions

INFN —
(_  C. Patrignani QWG2016  June 6-10, 2016 — PNNL 15 %



LHCb-PAPER-2016-015

Evidence for exotic components NEW
. 0 —
in Ay — J/¢pr

The N*-only (extended) model does 150

not describe data in all variable space

The reduced models with exotic
(2 Pc or Z., or both)
have acceptable fits in all variables

LHCb

—=— Data
- —— RM N*+Z_+2P, Fit 7]
4 P(4450)
Samd< P(4380)
----- Z,(4200)

The significance (including syst) for
2P without Z. is 3.30
The significance for 2P, + Z. is 3.10 50

States Fit fraction (%) sof o+ t
P,(4380)*  5141.572%1 100%&%&%- A ]
P.(4450)"  1.6%05+96 of  cose,,  THRF T Rl

Z.(4200)"  7.7+2.8%54

1 05 0 05 -2 0 2 [rad]

cos &

Ratios of CS/CF for exotic components compatible with 0.07 — 0.08

Cheng, Chua arXiv:1509.03708 '
R k- (4380) = 0.050 + 0.016+0:02 & 0.025 n B P
_ B /xc- (4450) = 0033 S0 1 0:000 T T B~ KR

L. INFN b —
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. \[SWA LHCb-PAPER-2016-018
EXOtIC(?) states X — J/w gb? LHCb-PAPER-2016-019
Many experiments reported states decaying to J/¢¢:
X (4140) and/or other higher mass states in B decays, but also -y, double cc.

X(4140) ? F
“ﬂ( 335) E (non-B bkg subtracted)|
N E
3 CDF 2008 F ¢(1 020)
2 E
25 Belle 2009 (unpublished) E
3!3; M3 = LHCb
2 E T
S E preliminary
T AWM (Gevich £
X(4274) ? F
b -
3 .f50f31 CDF 2011 20E
5 o
e o (unpublished) ]m:
& SA=tl, ") -
R 54 LHCb 2011 F
2 2| i H14c op DAAPGODG e K WP ok Y |
3 E.,

) s 1 1 1 1 'l 1 1
1000 1020 1030 1040 1050 1060 1070 1080 1090 1100
signal range My [MeV]

g

W 0w

— % m B* 4,289+151
N g Gc‘ paBar2014 | z 439 signal events
f . | % :: 2346 % prell-il-r[rfil:}ary
E: - 200) bkg
g’ ! i;g fsidebanq_ ésidebandé
¢ :

mwu?(’ﬁ )4i45€v)4.5

The LHCb sample of Bt — J/¢ ¢K+ from T I T T e '53'40[“ {]m
: My ek IME
Runl is the largest analysed so far Sr'ag:;‘e[ !

)
INFN —
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\N[2WA L HCb-PAPER-2016-018

I 4F ;
BT — Jip oK™ Dalitz plot LHCb-PAPER-2016-019
< F . % ok
3 2F 2 120f
e E 2 F
S S 100
2E Z s
20;_ 5 60i
195—
F 40|
18f [
E 20~
17 ; s
ol 1 1 1 1 L C’ I L L L L L L L
25 3 35 4 45 K 4100 4200 4300 4400 4500 4600 4700 4800
g [GeV7] m,, , [Me
% 300:
; 250 LHCb
22001 All previous results based on 1D
2 150f- projections
100f Need to understand reflections of
<k interfering higher K*
g | L L | | L L
1(2100 1500 1600 1700 1800 1900 2000 2100 2200 2300
mwK[MeV

INFN °h
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: : NEW
Amplitude fits

LHCb-PAPER-2016-019
6D fit including K™ resonances +
interfering NR background
(0" not allowed)

B' rest (rame

Experimental knowledge + predictions

. . K rest fr
to choose the states to include in the  rest fram, rest frame
model 1-4 complex helicity terms per K*
2"p, 2'p,
= 2ok —= = I, _
2 ki T ¢ Do z F dat
= 2000F = F —=— data
L s 120 IH —— total fit (K*s)
s mmz 2 100:_ LHCb HﬁH} ii # —— background
16001 ] F 0 i +
. HNH AT
P ENT L W
1200 : 60~ Mr‘* * +
E Godfrey-Isgur, o H + +
1000f PRD 32, 189 (1985) a0F + * i+ + + ¥
ZN | _ 2 hood
800 g = Established 20k *
wf Unconfirmed Eob Ty
» A I S I B 03100 3200 4300 2400 4300 2600 2700 4800
0 1 2 3 7 L [MeV]
oo o1t 0222 13733 2
masses and widths not constrained K* resonances alone don’t describe data

-
INFN —
(_ C. Patrignani QWG2016 June 6-10, 2016 — PNNL 19




Fits allowi -
Its allowing exotic components

s

2 N . EW

3300 Add X and Z™ components with

2 o0l various quantum numbers

S

° . . .

520 Z" components improve fit marginally
150 Two 11" and two 0" states with large
. significance

Contri- sign. Fit results
50| bution or Ref. M, MeV Ty MeV BF. %
ATX(1T) 1653 7§
0! X(4140) 840 5.5+4.5148 | |83£2172 13+ o
,3,400[Mev] ave. 17.8+6.8
L3 X(4274)  6.00

< CDF .

g + CMS 1313.8+5.3+7.:

o 120 LHCb -

s Preliminary Significance of J7¢ = 1*+:

5199 X (4140): 5.70 X(4274): 5.80

s

§ 80 Contri- sign. Fit results

* bution My MoV Iy MeV
60 AT X(07)
i ** NRyyy 640
40) i X(4500)  6.lo  4506+11+!2 02421 +2!
=3

20

X

T30
** X(4700) 560 4704£10%}1 12031 +42
=

: - ) Significance of JP© =077 :
9100 4200 4300 4400 4500 4600 4700 4800

o i X(4500): 400 X(4700): 4.50

INFN —
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\NI=SAWAN | HCb-PAPER-2016-018
Resonances or cusps? LHCb-PAPER-2016-019
4 states...?? Kinematical effects?

Rescattering in S-wave. J” is that of virtual Dé*) pair. Cusp peaks at
sum of D) masses

=
&b

A corbinationof
0.14fF . o ) oxcitati _
] _D;D(S))( s’ excitations ’;“/ F
E S Do g -
o12p =7 Dy Doy e 08 -Rel(2) Argand
=Y orpL N ¢ s
o . =D,D.) ok 7
: = C T T r 3
b 2 o4 -ImI(2)
0.0f ~2' 4 :
e y:
0.04f ; :
E : I
0.02F :
N od
0 42 43 44 45 46 a7 E
Mays [8] 10 8 6 4 2 0 2 4 6 8 10

Test one of the cusp models which proposes to explain Z's just above
D™ D) thresholds (rescattering) — Swanson arXiv:1504.07952 |

For the X(4140) the cusp amplitude gives a better fit than BW (by 1.60)

—  For all other X's this cusp model has a worse fit .
N -
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. — PRIV 1 HCb-PAPER-2016-018
K* spectroscopy in B™ — J/¢¢K LHCb-PAPER-2016-019

Our results for mass and widths of
higher kaon excitations as red points

Excellent agreement with theory and
previous experiments

J =3 — 4 states not observed
expected to be suppressed in B
decays

(angular momentum barrier)

M(K*) [MeV]

22,5, D,
So=_F
a1 — g TSF =
S, L | 1 =
2000 2 %%23[1:’.“ 1, * PR,
- 8 . B a % O d
F =5 v % 8 g E %)
wob 25— 3 Y5 Ropyg
F2'S ;= 1 — ¥ g
laof " =2 l}ig D13P2 g
T F = g =
1200 Z 5 E: g ®
< '

1000

KI
KI
Ky(1430) =
= |

ISIT
800 §
v
6()0_1 x
s =
4OG.G.(I)...|{....2I....I...
oo O ittt 029 13739 o4t

C. Patrignani QWG2016

June 6-10, 2016 — PNNL
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BO7~ spectroscopy

DO reported observation (5.10) of a tetraquark candidate X(5568)" — Bor+
with =~ 5500 B? signal events reconstructed in J/tp¢ arXiv:1602.07588v2,

120
2000 DO Run II, 10.4 fb' F DORuN I, 10.4 ' +
« E Ngmo _—
L E s
2 1500 - Sl +
= E 2 f
o E g eof- 4
N F 3 [ g8
310k z b
£ E
g t o
() E
500 [ E
z : ......... %5 5‘55 5‘6 5‘65 5‘7 5‘75 58 5185 5‘9
£ m (B n) [GeVIc®]
£ I 1 1 1 I
%8 5 52 54 56 5.8 6 Nx = 133 £ 31 with 7 in a cone around B?
m (J /W (D) [GeV/cZ] : E ) DORun I, 104 fb'
o, 0E g
Lk © omm
m = 5567.842.9 (stat) *1§ (syst) MeV/c? 2 3
I = 21.9 + 6.4 (stat) 752 (syst) MeV/c? 2 O +
- £ 50
with a large fraction of BY from X (5568)" decays: E I * +
o o(pP — X + anything) x B(X — BYr) e f ot
) = 20 —
= a(pp — B + anything) DOAc. by HE R it
= (86+1.9+14)% A -
{% 5 5.55 56 565 57 575 58 5.85 59
m(Ban?) [Gevic]

Unique state with four different quarks bsud

INFN b —
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LHCb: BO7~ spectrum

LHCB-CONF-2016

-004

Large and clean B? samples reconstructed in Jp¢ and Dy 7t
Constrain J/ip and Ds mass to improve resolution

% 6000 Y
s ’ LHCb Preliminary (a)
E 5000|
£ o 65k BY — D wt
5 3000 S/N= 10
S

2000

1000

5600
m(Dm (MeV/c?)

T o000 A
3 LHCb Proliminary (b)
£ 7000 o
§ oo 44k B, — Jp ¢
5 s000-S /N~ 50
S 4000

3000

2000

1000

200 300 5400

5500
mJAye) (MeV/c?)

pair 71 from primary vertex with a displaced B?

3 180 LHCb Preliminary (2) I s e S - LHCb Preliminary (b) I s s e 3
2 160 [ p— 2 ek 1 — E
£ a0l No X(5568) 3 o %
3 100 kil b 3
S sof R 2
8w el 5

801 i RLE. 8

40/ PR

20— bk

= +

= L »|
S 2ppp il Boun s gt i g =
O R TR P ¥ 3

3E -

5520 5540 5560 5580 5600 5620 5640 5680 5700
m(Bx) MeV/c]

Fit spectrum with and without a narrow
no signal = upper limit

|
5520 5540 5560 5580 5600 5620 5640 5660 5680 5700

resonant structure.

INFN
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i
No evidence for X(5568) — B G2 O Ao,

Set upper limit on the BY production ratio (including systematic)
LHOD a(pp — X (5568) + anything) x B (X (5568) — B7*)
Px - o(pp — BY + anything)

for two different cuts on the transverse B2 momentum
PHC(BY pr > 5GeV/e) < 0.009(0.010) @ 90 (95) % CL
PRHCY(BY pr > 10GeV/e) < 0.016(0.018) @ 90 (95) % CL

E: ted X(5568) signal f = 8.6%
xpected X( ) signal for ¢ ° Cross check: B* — B%r mode

T . ] 2000/ B B.6747 - Bx =
2 . B E (5747 BB E
% 250 Lch Pl’ellmlnary Claimed X(5568) state 3 21800 jLch Pre"m'nary E :'((:77:‘7;4 :‘(:ﬂ:::. 3
E D Combinatorial 1 1600 ] Combinatorial =
=200 - 1400/ E
] 1 @ E E
o 1 ®1200F =
s 1 = _F E
3 150 —  T1000—
© 1 § = %
£ 3 S 800 =
O 100 e 600 =
] 400 =
50 = 200/ =
0 L L L | L L 1 = 4 g
5520 5540 5560 5580 5600 5620 5640 5660 5680 5700 z (2) S
m(Bor) [MeV/c?] 28
-4
100150 200 250 300 350 400 450 500

m(B'r+)-m(BY)-m(r) [MeV/c?]
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Conclusions

@ Observation of P.(4450)* and P.(4380)* — Jipp in AY — JhhpK™
from both amplitude analysis and model independent approach

PRL 115 (2015) 072001 j arXiv:1604.05708

o cCuud — pentaquark!

o resonant behaviour of P.(4450)* amplitude

e resonant behaviour inconclusive for P.(4380)*
more data needed =—> Run 2!

NEW e Evidence for exotic hadrons in A9 — Jjip pr~ [Mg@ER NIz 8o o leRoNE:)

e compatible with P. states in different decay mode
o amplitude analysis limited by sample size
more data needed = Run 2!
NEW e First 6D amplitude analysis of BT — Jap K™

LHCb-PAPER-2016-018 j LHCb-PAPER-2016-019

e 4 Jip ¢ structures required to describe the data each with > 50
quantum numbers assigment > 40
o Kaon spectroscopy of higher mass excitations

@ No evidence for X(5568) — BPn" [Mgleleo)N|EoloNleRolo)

o x20 more data than DO.

A ... different process (pp vs pp), different energy, different kinematical region.... yet ...
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0.8

06

04

0.2

Run | data samples

LHCDb Integrated Luminosity pp collisions 2010-2012

Lower instantaneous

E © Delivered In 2012 (4 TeV): 2.209 /b f,‘f luminosity with
— . Recorded in 2012 (4 TeV): 2.082 /fb respect to other LHC
= Recorded in 2011 (3.5 TeV): 1.107 /fb /I .
o Recorded in 2010 (3.5 TeV): 0.038 /fb ? experi ments
- w-“(/:‘};
- ¥ optimized for b and ¢
E b physics
c ;f in 2011:
E /‘: : L~2 1032cm2s71
& ff' : .
= - ' in 2012:
T it IV RUVRTIE: AU AR PR ST R L ~4-10%2cm 257!
01/04 01/08 31/08 30/06 30107 29/08 28/09 28110 27 2712
Date %2 design luminosity
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Run 2

~
o

LHCDb Integrated Luminosity at p-p 6.5 TeV in 2015

E Delivered | Recorded Luminosity g 500 — *  Delivered Lumi: 362.75 /pb
% —— 2 RAIL N w2 7 ‘ o Recorded Lumi: 320 66 /pb
g 2 1221111 (). in 2011 g
E 0.0410.04 [fb°), In 2010 E
3 H
v L 2
£ 15 £ r 44
g £
£ E
| £
05 E }#r
O - e aa 02108 [ W
Date
LHCb Integrated Luminosity at p-p in 2016
Run 1 Run 2 g n *  Delivered Lumi: 70.29 /pb.
2011-2012 | 2015-2018 s | - Fecommt 7o
Vs (TeV) 7-8 13 € wf
Bunch spacing (ns) 50 25 o ¥
[ Ldt (fb7 1) 1+2 >5 g oy
L '
Already 0.36 fb~! collected for Run 2 r /p’f
b-hadron cross section &~ 50% larger than in L
Run 1 F _,.,./‘ﬂdr
with higher energy short-lived particles are o =3 % T 0
further displaced from primary vertex o
INFN —
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Extended Model fits to A) — J/1pK~

The extended fit without additional exotic resonances describes well the

K~ p projection, fails to describe the J/1p projection

2200F

adding one exotic resonance is not enough:

INFN
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Fit projections A% — J/1¥pK~

Reduced fit +2 P, describes data well in all fit variables, also in restricted
variable ranges

cosh,. 4, +# LHCb m,,>2 GeV

t ' + +F wdaa A(1670) 1
+ .++" -@- total fit % ':flgﬁ;

200f + 4+ 1 — background %/ 3
ﬁﬂ;—* 4P a450) 7 :;::;g;

<= P(4380) Alisx)
I #-A(1408) apsso)

-6-A(1520) .o A(2100)
<o A(1600) - a2110)

—+.
son-+ ¥+ i:t;"i: +i¥i¥ 3
et iebetae 1) + +]
o0f FY 3 tbp t.’_
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Efficiency and backround A) — J/vpr~

‘g' 30 = T T T 0 5 (g‘ 30 - T T T
8 28 E_ (a) efficiency - 8 28 E_ (b) background 1
— . F : - - LHCb
% 26 3 Simulation 04 % 26 3 s
E uf 03 B 4f b
nf nf A
E 0.2 E
20F 20[ 04
18f 01 jgf 02
16 1 1 1 16 1 L
2 1 6 0 1 “
mgy, [GeV?] m2; [GeV]
Figure 7: (a) Signal efficiency and (b) background distribution on the Dalitz plane.
)
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Fit projections BT — J/i oK™

The fit with 4 X states describes well data in all angles

LHCb -

e = data — T NRy,
b —wtalft ke of
&) cos(8,) * — background ;((113)
- U7 NH ] 10E
e et x40y KPR
u E
= 1 x4274) = K'(1) ki

W0 X(4500) —K*(2) 3

0 X(4700) K(07)
T ! T T T T T L T
jﬁ‘g h

P

INFN

LHCb

— 1 NR,,
K(T) 4
K1)

& data
—=—1fotal fit
== background
WO NRye sk
== 1" X(4140) _e_ﬁ%)) K@y
2 1" X(4274) 1
X(4500) —K*2')
»ilun X(4700) —K(0) :

C. Patrignani QWG2016

June 6-10, 2016 — PNNL



