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

o Amplitude analysis and resonant caracter REN SRR E{NI) NorP{o[oh)
o Model Independent confirmation [EIRSNVAIKIZNLYA0}S

NEW e Search for exotic hadrons in A9 — J/i pr~ [N Ele R g a s i o)

NEW e Search for exotic hadrons in BT — J/ip oK+ [NEIER NPT
LHCb-PAPER-2016-019

o Search for X(5568) — B0 [HINCCIEETITRNA

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

LHC has record numbers of b (and ¢) hadrons:
opp =250 ub @ 7 TeV  0ce = 20 X 0,5
LHCb designed to study rare decays and CP
violation in b-hadrons
ideal place also for spectroscopy

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

excellent performance:

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

@ PID for pions, kaons,
J protons and muons
BEAM 2 @ calorimeter

) J L Trigger on high-p; lepton or
TSI =" k2 ¢ £caL ki hadron from displaced vertexes

c and b-hadrons
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A% — J/¢PK‘ PRL 115 (2015) 072001

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

)
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I lecti PRL
Dalitz plot projections
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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* A) — PFK™

A, rest frarge

A, rest frame ¢.‘-n
g

Y rest frame

% A rest frame
@

 rest T P, rest fram

lab frame lab frame

State JP My (MeV) Ty (MeV) # Reduced # Extended

1(1405) 1/2-  1405.17}3  50.5+2.0 3 4

A(1520) 3/2- 15195+ 1.0 15.6+1.0 5
all known A™ resonances (Extended) :El()i(zll); :j;, b l(?():(i L 5 (i;:)l ; (j

or .

. . A(1670) 172~ 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 1
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 95 1 6
Breit-Wigner A(1890) 3/2* 1890 100 3 6
o s A(2100) 7/2° 2100 200 1 6
?o':fq‘;'ﬁ;n?'s”'b”t'm in helicity A(2110) 5/2* 2110 200 1 6
A(2350) 9/2* 2350 150 0 6
A(2585) 7 ~2585 200 0 6

)
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Amplitude Model: results

PRL 115 (2015) 072001

Two exotic states are required to obtain an adequate fit

A(1830)
A(1890)
A(2100)
AR110)

Interference between two P. of
opposite parity required to explain the
P. decay angular distribution

gm —-— Combined P,
2 | LHco  — Pe(4450)

@ 400 - P.(4380)

o L

o

%300'— arXiv:1509.04051;
ZC_’; L

200/~

‘oo:—"l_‘ = 7, Z

ik

L 1 L L
02 04 06 08
cos(6;,)

Civat | | |
108 06 04 02 0

Events/(15 MeV)

The P parameters from the

"reduced” fit are
| P.(4380)* P.(4450)F
-

JE

2 2
Mass [MeV/c?] | 43808429 44498+ 1.7+25

Width [MeV/c?] | 205+ 18 & 86 39 4£5+19
Fit fraction [%] | 84+0.7+4.2 41+05+1.1
Significance 9o 120

significance from pseudo-experiments
(includes systematic)

The combined significance > 150
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Resonance?

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

T

T

é ol (a)

P(4450)

0.25(

03F :LHCb '
.0 1 Lisaslinasl 1 Losialansl 1 1 ! Looaalosasl Lovalaialy
B35 03 025 02 015 0.1 005 0 005 01 015 01 005 0 005 01 015 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)

PRL 115 (2015) 072001
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arXiv:1604.05708

Model independent analysis of A% — J/¥pK~

Theory predictions for A*
Well established A* states

% 2s00f- — —
The Ax spectrum is the largest systematic EQ i =
uncertainty in the P, observation s — o =—=1"
2200 — - s T
The NR K™ p component could have non trivial F=Es==8_ —H
mass-dependence wE ST/~ 0O ]
wol- | | TS =0
Model independent approach: no assumption wob- TT H _,—’T\y\owvspin
on A*, X or NR structure clE = siatest law masses
14001~
Only restrict maximum spin of A* component - ri %’ % % % z % % % ik
in each interval of Kpi invariant mass B I I S S
0 2 4 6 8 10
{ pr)

C. Patrignani QWG2016  June 6-10, 2016 — PNNL 9 M



arXiv:1604.05708

Model independent analysis of A% — J/¥pK~

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

Moments from data in bins of m(Kp)

ncandk
(BPY* = > (wi/es)Pi(cos by.)
i=1
s A =1 =2 =3
S ., $op et
_ - "
+ + gl
100cg =4 =5 =6
3 s
= 0 §
L | TN
A
. 2~ 1=7 =8 =9
In each bin of m(Kp), the cos 4. e
distribution in terms of Legendre e fihy o
polynomial - A ; : .
l 1=10 1=11 =12
dN max 10008
— = E (PV)Py(cosfp~) o
l ,
d cos Op« S seate S
1=0 : ; :
15 2 E] 2 2 2.
Rank lmax < 2Jmax my, [GeV]

Jmax © highest spin in m(Kp) bin
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Model independent analysis of A% — J/1pK~

Yield/ (20 MeV)

arXiv:1604.05708

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

Likelihood ratio (pseudoexperiments)

m(J/¢p) in data vs weighted MC for various hypotheses
Z 180 3
(A* reflections based on moments) g F KT FMLIH)
= 160— S 500
= E A*
1000(— ﬂ §- C so00f
L § g W —e— A*P (4380) ['=205 MeV
- b B = o 300f
800 2 120
C a ] 2
L T 100 -
600 8 C
L g 80~ %A‘- 95000 00150
' Z o P(4380) I'=205 McV,
400~ Background subtracted 60 P,(4450) ['=39 MeV
200 efficiency corrected 40
E 5E-
oL L L L L I C
4 22 24 2.6 4.8 5 L g
iy, [GeV] 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

)
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Search for exotics in A9 — J/¢pr™

Cabibbo-suppressed — observed by LHCb

B(Ay — J/ypr~) _
B S TTupk=) ~ 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, -
W~ & ulm
b u b P+
Ag[u —-P\\Z p- A“[u —P\_)_ u
e [ e
d

:I]Tl'

are predicted to have chens, Chua arxiv:1s00.03708

0 - p+
= B 2 7P 07— 0.08
B(A) —» K~ P:")

Rﬂ'*/K*

NEW
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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 = JAWK K=, A = K71 7)

~ F T T T E| & T ]

o . 30 = -

E 500 F S = E 28: (2) LHCb 3

“ F 1 -+ Data ] ““Q ]

S400FN o —1880 £ 50f | —Fit E o8 F E

g E° - Signal ] 24 E
5 300 - E
e f - Ay=IypK nk
200 F - Background 20F
100} ] 18f

. - SR 4 16E \ . —

55 56 5.7 2 4 o
M o [GEV] mZ, [GeV?]

No striking features in the Dalitz plot, perform amplitude analysis
Ay — ZFp
As in the CF mode, six-dimensional fit
to interfering amplitudes. In this case:

o A% = J/YN* @{%/

o . Z.(4200) — J/opm— <
o Ay — Plm reported by Belle in %
B — JypKm

PRD 90 (2014) 112009

,rest frame
Y rest frame A, b7

e N~ Z-p

LHCD —
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Amplitude model fits to A9 — J/vpr™

LHCb-PAPER-2016-015

NEW

State JP My (MeV) T, (MeV) RM EM Include in the fit
NR 1/2- - - 4 4 *
N(llﬁo) ]§2+ is & s @ all known N* (Extended)
N21520; 352* 1515 115 3 3 @ only well motivated (Reduced)
N(1535) 1/2 1535 150 4 4
N(1650) 1/2- 1655 140 1 4
N(1675) 5/2" 1675 150 3 5 All L allowed
N(1680) 5/2* 1685 130 0 3 Limited sample size: fix P. and Z.
%8;(1)8; ??; }Z{?g }gg 8 i parameters when testing if their
N(1720) 3/2* 1720 250 3 5 amplitudes are required
N(1875) 3/2" 1875 250 0 3
N(1900) 3/2* 1900 200 0 3 = LHCb PE T R ELEL T R
N(2190) 7/2- 2190 500 0 3 §102 L . —— RM N*+Z+2P, Fig
N(2220) 9/2* 2250 400 0 0 = + —o- EMN*Fit ]
N(2250) 9/2- 2275 500 0 0 ) NN P(4450)
N(2600) 11/2- 2600 650 0 0 = e P‘iﬁﬁi?;
N(2300) 1/2F 2300 340 0 3 3 A
N(2570) 5/2- 2570 250 0 3 2 T i
Free parameters 40 106
.‘W
The m(pm ™) projection is adequately /.. m PN
. . . Rkl W, (1N O

described by fits with N* only Iy 15 2 25
Exotic components seem not required My [GeV]

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

All events mpr > 1.8 GeV
T T T - T T T T
s120f @ LHCb > LHCb
>k =
S120F H,+ i 3
~ +$ ~ —=— Data 3
100} 4}‘..’ ‘ tf @ —— RMN*+Z_42P, 3
% 80;: + g % ------- EM N* Fit 3
.2 80 I . 4 .2 SN P(4450)
>~ b i + + + - e P(4380)
60F JoU U q 0 BE ot sk |- Z.(4200)
3 3
20+ E
5. haa Tow S . e
45 5 35 45 5 55
My [GeV] Myyp [GeV]

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

)
INFN —
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Evidence for exotic components
in A) — J/ypr™

The N*-only (extended) model does
not describe data in all variable space

The reduced models with exotic
(2 Pc or Z, or both)

have acceptable fits in all variables

The significance (including syst) for

2P, without Z. is 3.30

The significance for 2P, + Z. is 3.1c

States
P,(4380)*
P,(4450)*
Z.(4200)~

Fit fraction (%)
51+ 1.57%%

LHCb-PAPER-2016-015

NEW

LHCb
—e=— Data

S P(4380)
----- 2,(4200)

-05

0

05

cos 6

Ratios of CS/CF for exotic components compatible with 0.07 — 0.08
Cheng, Chua arXiv:1509.03708

_ B(A) —» n=PF)

/KT T BAY > K- PF)

R k- (4380) = 0.050 + 0.01610:038 & 0.025
R, /x-(4450) = 0.03313.0:5+0066 & 0.009

& (. Patrignani

QWG2016  June 6-10, 2016 — PNNL
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. \\[SWA L HCb-PAPER-2016-018
EXOtIC(?) states X — J/'(p 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) ? ~ 600
1':( Tec—) ] (non-B bkg subtracted)
EI CDF 2008 2 o o(1 020)
2 Belle 2009 biished Z
5 T T 3 400 LHCb
3 ‘ 2 e
8 m o Wil 1&l z preliminary
F . < 300
AM (Gevich b
X(4274) ? A T
510 2
3 o[ 795 15COF 2011 200
e 1mpub||shed)
3 . 100)
i
S o
"\b vKKH'- W ll‘"V'ﬂ’l 1000 Illl" 1020 1030 1040 1050 I(D(vil 1070 IIND l(!‘)(l lll\[i
- signal range « [MeV]
3 o B+ 4,289+151
BaBar 2014 3 350 signal events
3 300) 23 o LHCb
3 +6 % Fe
DO Run i, 104 15" +ata :zﬂ 3 259 prellmlnary

. -

FulFi

D0 2013 xmu

310 X330,
/!

nNeE) un Mev.

;sideband isidcbandi

7‘53
2259
=

y : 106

uwd( K) l&m 0l H § H
The LHCb sample of B — J/Qﬁ ¢K+ from T T T mn' nlm
Runl is the largest analysed so far signal g

range

INFN —
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. \N[2AWA | HCb-PAPER-2016-018
B — JJ9K* Dalitz plo

g 23 >: 120
E s F
2 22f s E
= “F §100>
i = |
29 ER
: g S0F
20F 3 of
3 I
1ob= i
F 40
18 [
E 201~
17f= s
o bt L I 1 L I L Al
4100 4200 4300 4400 4500 4600 4700 4800

mﬂw['MeV]
£ 30
; 250f- LHCb
5.
= 200 All previous results based on 1D
2 150k projections
100f- Need to understand reflections of
| M M M *
"3 interfering higher K
: 1 L ! il L !
1(4)100 lSIOO 1600 1700 1800 1900 2000 2100 2200 2300

m eV

oK

)
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: : =AM - Cb PAPER-2016-018
Amplitude fits LHCb-PAPER-2016-019

6D fit including K™ resonances +
interfering NR background

e B’ rest frame
(0™ not allowed) e Ay
Experimental knowledge + predictions A e ~
. . e K rest fi
to choose the states to include in the Vst TR
model 1-4 complex helicity terms per K*
= sk _
s o > -
= 20008 S 3 100F: —=— data
& E e E _._mlal fit (K*s)
5 mouE Z 100:_ LHCb *‘{HT i + —— background
1600 S C +H +
2 F H
1400 = 5 805- *ﬂ HL ++
1200F b 60:— W'+ +.
E = 2" Godfrey-Isgur, : + +
1000 - §  PRD32189(1985) = } + +
800F ;j Ed Established 20 :_ *
wf Unconfirmed ¢ ; A C Ty
S ia s iiwyafs pawivis 03700 3200 3300 4300 4300 4600 4700 4800
s 0 1 2. 3 7 My, [MeV]
A R 1 e o il
masses and widths not constrained K* resonances alone don’t describe data

INFN b —
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Fits allowi -
Its allowing exotic components

)

> e —
2 = = ;_:;;m " . NEW
gaoE oK 4 ﬂ, T Add X and Z* components with
= ——e— TK{(1783) .
. #H“’ﬁ*‘#'ﬁ e | various quantum numbers
- e TKY(1680)
: 8 N =m | - ¢ e
52 s e Z" components improve fit marginally
+ e ++ ++ :
150 + e,y P pRor Two 17" and two 0" states with large
s S —— love . ‘e
100E- # = & significance
+ ey *:F Contri- sign. Fit results
50) 7 37 r LHOb bution orRef. My MeV Ty MoV FF. %
¥y >
. //,l’”l””’ Preliminary All X(1%) +3
oL == s 5300 X(4140) 840
M ave.
My MeV] X4214) 600 ‘
s CDF
2 * CMS 38L53%7.
> 120 LHCb L pC
3 I + + Preliminary Significance of J™~ =
410 ! H X(4140): 5.70  X(4274): 5.80
§ 80 Contri-_sign. Fit results
bution Moy MeV Iy MeV :
60 Al X(0F)
NRype 6.40
40 X(4500)  6.1c 450611712
X(4700) 560 47041071 120+31 143
20
. Significance of JF¢ = 0*+ .

MR, 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

o
A

Al combinationok
o v DL excitations S
=y _DSDS(X) < F
F o ot (*)- <} - 157 >3
0.12f :) Ds sz X e 0.8 -Re |(Z) 'y Argand
F — + o0 R 4 -~ F \
°~1:- o D5oDex i §
0.08F —2
o
o6F g i
0.04F §
0.02f-
0 i 4.7 o 1 1 1 1 1 1 1 1 1
m,,,[Gev] 10 8 6 4 =2 0 2 4 6 8 10
Z

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
L INFN HCD —
&’ (-  C. Patrignani QWG2016  June 6-10, 2016 — PNNL 21 M




* . + NI\ S0y | HCb-PAPER-2016-018
K spectroscopy In BT — 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]

2'P,0%p, 2D,
B30 —=— I'E;
o 3S g 7 = ==
€ 1
o0S— | 23 F2RL | 1°F, =
2000P" "0 = L}. 2 17D, o I’F,
1800 sz é ¢ ;1 _1.,‘ g
- 8t S8 BN Tg S
r =il W3 gs.le o
lop 25— v "V oy
[21S aee 1 . =
MOO-: So?l g ! }&% DI?, § %
wf- z & Pixm§ %
1200 = -2 87 l}PoE
o - )
1000~ O
o r's= =
800 8 M
2 %
6()0_—l w
Fi's, =
m.e;l....innuuzllxxnl...
¥ ior 1 At of2te st ot

C. Patrignani QWG2016
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0. —
B 7™ spectroscopy
DO reported observation (5.10) of a tetraquark candidate X(5568)" — Bor+
with =~ 5500 B? signal events reconstructed in J/ip¢ arXiv:1602.07588v2,

2000 DO Run I, 10.4 ' “r D0 Run 1041 +
o E Ll P H # +
o f s I
S 1500 Sl + + H<H+ +
@ 1900 o 8
3 STE e T Tt
8 ¢ $F t }
"™k Zaf -
§ 3 sbE K || T et
® 500 A o
z E B ¥t R s 5657 75 58 585 59
2 m (B ) [GeVic?]
£ 1 L 1
%8 5 5.2 54 56 58 6 Nx = 133 + 31 with 77 in a cone around B?
m @y 9) [GeV/CZ] : E ) DO Run II, 10.4 '
2 F o
m = 5567.842.9 (stat) F7 (syst) MeV/c? E o - P o ot
I = 21.9 + 6.4 (stat) T39 (syst) MeV/c? 20 + —
£ 50 | 2 2
g sk /an2 + 8g2 < 0.3
with a large fraction of BY from X (5568)" decays: E wE + +
oo _ (PP — X +anything) x B(X — Blr) : E f } +
£x o(pp — B2 + anything) DOAcc. © % \ f :
= (86+1.9+14)% A
%.5 5.55 56 565 57 575 58 5.85 59
m (B m?) [GeVic?]
. Unique state with four different quarks bsud

INFN b —
(_  C. Patrignani QWG2016  June 6-10, 2016 — PNNL 23 M



-
LHCb: BY7~ spectrum

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

£ m: ~ LHCB Protiminary (20 3 £ ooof u«’:nmlmm.qm 3
f- 65 B > Dy m | 44k BY o o 3
$ 3000] S/N= 10 | = S/N~ 50 |
\ E 3 © 4000 3
e 3000
: ¥000° E
&5 00 o 500 60 300 00

PO SR S (MoVIe)

pair 71 from primary vertex with a displaced B?

= = T 70 = |
5 190 LHcb Preliminary (a) [ ST Preliminary (b) [ Erp—— |
= 10 “;Inmm- 4 % 6o [ combinsiorin ]
< 140 = L . P )
8 oof No X(5568) .4 8 * With X(5568) g 3
2 100 i bt} é rise i’ : 1Lt I

3 en;— :t; 30|

F
53
vl

N
8
T

Pull
bR CISES

TRk 14

75520 5540 5560 5580 5600 5620 5640 5660 5680  57C
m(Bi) MeV/ct) 5520 5540 5560 5560 5600 5620 5640 5660 5680 5700

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

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

Set upper limit on the BY production ratio (including systematic)

puch — 0(pp — X(5568) + anything) x B (X (5568) — Bo7#)
Px - o(pp — BY + anything)

for two different cuts on the transverse B2 momentum
PRHC(BY pr > 5GeV/e) < 0.009(0.010) @ 90 (95) % CL
PRHC(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
2000 — N B,(5747 - B'x'

2 s 1 s F e 3
3 20 LHCR Prliminary Wloamemmmon| Qi s ks o
= E [T combinstoria 1 1600 [2] Combinatorial E
= 200~ e
» L 4 o | =
2 F 1 ®1200—
5 150f 1 2io0F
B 150 3 S1o00--
3t thoathd B
S F q O 8005
S 100f- s 600
F ] 400
sof- =] 200

0 1 2 Ih 2 1 1 1 1 1
5520 5540 5560 5580 5600 5620 5640 5660 5680 5700
m(B:r) [MeV/c:]

Pull

150 200 250 300

0 350 400 450 500
m(B°r+)-m(B°)-m(r+) [MeV/c?]
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Conclusions

@ Observation of P.(4450)* and P.(4380)* — Jipp in AY — JhbpK™
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~ @RI =z 8o o leRokk:)

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 > 5¢
quantum numbers assigment > 40
o Kaon spectroscopy of higher mass excitations

@ No evidence for X(5568) — BPn" [Mglele(e)N|E-IoNleRolo)

o x20 more data than DO.

A ... different process (pp vs pp), different energy, different kinematical region.... yet ...
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Run | data samples

LHCDb Integrated Luminosity pp collisions 2010-2012
Lower instantaneous

22 I I — . . .
Delivered in 2012 (4 TeV). 2209 b ’ s |umln05|ty with
€ RSO JA 11 TV ome /J’/ respect to other LHC
i Recorded i 2011 (3.5 TeV): 1.407 Mo
: Recorded in 2010 (3.5 TeV): 0,938 b

/ experiments
A optimized for b and ¢
e T physics
/l

/ s in 2011:
= ot , L~2-10%cm 27!

08
06 o

04 2 /

o // : i in 2012:

e :l;lvs‘ e e ave | HRGe ST Fm L~4-10%cm™2s7!

Dete %2 design luminosity
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LHCD integraved Luminosity &t p-p 6.5 TeV n 2015

~25 3
£ Geare Sacores Lmncery E *  Debwered Lum 362 T80
g 232 -0 L g F o Feconded Lume 32066 ipb
E 2 LTI Y - e ’/‘ |
RN - | g
i : // J8: 2
i i #
- 5 w.q
i ok iZ
05 v = ool
/ 00
O My Mey Jm T Ad Ap Se Od Nov G e = i
LHCDb Integrated Luminosity at p-p in 2016
Run 1 Run 2 gm”‘ «  Delivered Lumi: 70.29 /pb |
2011-2012 | 2015-2018 E ¥ |
Vs (TeV) 7-8 13 g =
Bunch spacing (ns) 50 25 It
[ L£dt (fo~1) 142 >5 B
Already 0.36 fb~ collected for Run 2 F
b-hadron cross section &~ 50% larger than in ol
Run 1
with higher energy short-lived particles are S
further displaced from primary vertex
INFN
[ C. Patrignani QWG2016 June 6-10, 2016 — PNNL




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

2200) —e— data 800

2000} e lotal it

oof. § (a) LHCb e
< 1600) -
3 2
= 1400 = 50
© 1200 )
& < 40
g g.
> >
w w

16

18 2

2 2
my, [GeV]

adding one exotic resonance is not enough:

> 220 JE—— Zecf
2. —— it 2 4
o F , @ LHCh s o 7oof- ® 4 LHCb
? . S ) %“_ ;ﬁw
IH‘ W 500
12
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Fit projections A9 — J/¥pK~

S/

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

variable ranges

)
INFN

<4 cata

LHCb m, >2 GoV

A
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AL190)

- 100
- ARV
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Efficiency and backround A) — J/vpr~
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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

w1 X[4140)
= 1 xjaz7e) K0
5 0" X(4500) = K'(Z')
i.w XI‘JIW‘J - K0

- KiZiKzg “

st
‘. + .A}\ow\l

T T

LHCb

-t -~ TNR,,

— total 8t K(T)
o ECHGIOLN

=0 Ny, KD
- 1 Xa140)
1 xqa274) > K'(T)
0 X(4500) ~ K'(2')
-n-o X4700) KIO)

~ K2 P2
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