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% Outline

* Observation of pentaquarks in Jhy p channel
LHCb-PAPER-2015-029, arXiv:1507.03414, Phys.Rev.Lett. 115(2015) 072001

« Model independent confirmation of the Z(4430) state
LHCb-PAPER-2015-029

* Quantum numbers of X(3872) without assuming a value

of orbital angular momentum in the decay X(3872)—p°%J/y
LHCb-PAPER-2015-029, arXiv:1504.06639
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For 3 fbt LHCb has ~26000 o
of the A,—>J/yKp decays Ab{

2 7000F

=

~ 6000F

© 5000F

C

g C

2 4000F
3000F
2000F
1000F

5500

LHCDb

n s e

31 Aug -5 Sep

560

2015

5700

mJ:"{pr

[MeV]

Pentagquarks
@ %g} Iy ’ W < E]K
u ') b : P+
d—"\s} , Ab u—b\,_ﬁ} C
—’\3 A d—=>—

This decay can proceed by the diagram (a)
or have exotic contribution shown in diagram (b)

Dalitz plot shows «
unusual feature
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and m,, , projections
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% Decay amplitude analysis

* First we tried to fit the data with an A, rest frame
. . .= 0
amplitude model that contains 14 /e,u—% vy
A* states listed in PDG / e L : ‘
. As this did not give a satisfactory resifrome”  * i A rest frame
description of the data we added SN R
one P * state, and when that was y Ay
lab frame

not sufficient we included a
second state

* We use two interfering channels:
Ay—>INyA*, A*—>Kp and

rest frame
P rest frame Ay ¢ -

A—PIK, PA—>Iy p gy
- Use m(Kp)andfive angles as fit @ % = —y=— |
parameters = N S S P -
o - P.rest frame i
A
Ab
lab frame
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All possible known A* describe m(Kp) well but m(J/y p) is not described
Additions of non-resonant or extra A* doesn'’t help

Results without P, states
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% Extended model with 1 P,

Try all J® up to 7/2*
Best fit has JP=7/2*. Still not a good fit
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% Reduced model with 2 P_

Best fit has J°=(3/2-, 5/2%), also (3/2*, 5/2°)
and (5/2*, 3/2°) are preferred
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Angular distributions
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% M(K-p) slices
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% Significances

* For 1 P_ fit improves by -A(2In(L)=14.72,
adding the second PC improves by 11.67,
for adding both together -A(2In(L)=18.77

» Using toy simulations first state has
significance 9o, the second state 12c,
iIncluding systematic uncertainties, coming
from difference between extended and
reduced model results
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Mass (MeV)
4380+8+29
4449 .8+1.7+£2.5

A(1405)

A(1520)

31Aug - 5 Sep 2015

Fit results

Width (MeV)

205+18+86

39+5+19

LHCP 2015

Fit fraction (%)

8.4+0.7+4.2

4.1+0.5+1.1

15+1+6

19+1+4
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% Cross-checks

Two independent coded fitters using different background
subtractions (sFit & cFit) give consistent result.

Split of the data into 2011 and 2012 parts, magnet
up/down, Ab/Xb, Ay (p7 low)/A,(p+ high) give consistent
result.

Extended model fits tried without Pc states, but two

additional high mass A* resonances allowing mass and
width to vary, or 4 non-resonant terms of J up to 3/2.

31 Aug -5 Sep 2015 LHCP 2015
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% Model independent confirmation of the Z(4430) state

31 Aug

BO—y'nK*, peak in m(y'n), charged
charmonium state must be exotic (not gq)

First observed by Belle M=44331+5 MeV,
['=45 MeV Phys.Rev.Lett. 100 (2008)142001

Challenged by BaBar: explanation in terms
of K¥s  Phys.Rev. D79 (2009) 112001

Belle analysis using full amplitude fit:
M=4485+22*28 ., MeV, I'=200 MeV, 1*
preferred but O- and 1- not excluded

LHCDb full amplitude fit: M=4475+7+1>_. MeV,

['=172 MeV, JP=1* unambiguously phys.Rev.Lett.

New LHCb analysis follows the BaBar
strategy to reproduce the m(y'n") spectrum
by the reflections from mK* system

Use 23801+63 BO— 'K+ events

-5 Sep 2015 LHCP 2015
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 The observed Kn spectrum (a) is
dominated by K*(892), structures in
K*(1410), K*;(1430) and K*,(1430)

are also visible

* Non-resonant component between
these two regions is evident

« Cos(0x-) distribution highlights the

rich angular structure of the Krn

system
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% Extraction of the moments of the Kn system

« Data are subdivided by bins of m(Kx) 30 MeV width

* For each m(Kr) bin the cos(0y.) distribution after integration over ' decay
angles can be written as

N _ %ﬂ:&x P}’ P, (cosby.)

dcosd . %

For sufficiently large samples coefficients <PY,> can be extracted from
data as

Nreco

<PJU > ~ ZWiSig [ &> P, (cos@i )
=)

£=€(My COSO» COSOY 1, APy ')

The resonances of the Kr system with spin s contribute to the moments
<PUY,> in the region of m,_where they are lying

31 Aug -5 Sep 2015 LHCP 2015 17
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Analysis of the my’'n system

The my'n is not well described by Kr angular
structure with | _,=4 (a) and | _,=6 (b) (good
description for L, .,=30)
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Number of pseudo-gxperiments
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Significances
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31 Aug

Orbital angular momentum in the decay X(3872)—p°%J/y
and quantum numbers of X(3872)

The nature of the state X(3872) remains unclear

It is narrow, has a mass very close the D°D*0 threshold and decays to p°J/y
and oJ/y with comparable branchings, violating isospin symmetry

Observation of the decays X—yJ/y and X—>ywy(2S) imply positive C

This requires the total angular momentum of dipion system in X—>a*n-J/y to
be odd

M(r*n") is limited to be less than 775 MeV, so Jan>3 can be ruled out
In fact the distribution of M(n*n°) is consistent with X— p®J/y

LHCDb ruled out JP¢=2-*in favor of 1** assignment for the decay X—n*nJ/y
using 1.0 fb! data

It was assumed that the lowest angular momentum Lmin between the
X(3872) decay products dominated the matrix element

Significant contributions from Lmin+2 amplitudes could invalidate 1**
assignment

It is important to probe the X(3872) spin-parity without any assumptions
about L

-5 Sep 2015 LHCP 2015
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% Data sample and allowed LS couplings

Parity-allowed LS couplings in X—p®J/y
decay

For comparison a subset of these couplings
corresponding to the lowest L is listed which
used in previous determination of JP¢ of X

Present analysis is based on 3fb!
data sample

1011+38 decays of X—>n*n-Jd/y

Brs

JPE Any I valoe Minimal I value

0—+ By By E 160

o+ Brg, Bos Bag 5 140

1-+ By, By, Bia, B By, By, B 8 100

1++ By, By, Bw Bas g 00

2 Jrjll]. .|r.'i'|_-3. H;'!_L. H:]g- H“. Hl-j o -

2++ B, Bog, By, Bya, By By o

3 Byg, Bag, By, Bas, Bys By

3+ By, Baa. By, B Bay. B “

4+ By, B, Bey. Bys By, Bas “Righa ‘ o

4+ Ba, Bu, By, B, B Bx TS0 7e0 7m0 mw0 80
A M = Mz rliw) - M{Jhw) [MeV]
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% Fraction of D-wave

B, [2/|B,,[2=0.002+0.004

|Bzz|2/|501|2:0.007i0_008 Likelihood weig_hted distribution
of D-wave fraction

f.=IM(Q)|2dQ/ [M(Q)s, 5200 8 oo
LHCb

f, < 4% at 95% C.L.

0.04 0.06
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% Conclusions

31 Aug

LHCD has found two resonances decaying into J/yp with
pentaquark content of uudcc Phys.Rev.Lett. 115(2015) 072001

The preferred JP are (3/2-,5/2%), (3/2*,5/2°) or (5/2*,3/2)

Other exotic tetraguark state Z*(4430)—wy'n* containing
cC pair is evident in a model independent way with
significance more than 8c LHCb-PAPER-2015-029

The JPC of X(3872) equal to 1** are determined without
any assumption about the orbital momentum of n*n
system with respect to Jhy. X(3872) is found to decay
predominantly through S-wave, upper limit on D-wave
fraction is 4% at 95% C.L. arXiv:1504.06639

-5 Sep 2015 LHCP 2015
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Backup slides
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Systematic uncertainties

Source My (MeV) Ty (MeV) Fit fractions (%)
low high low high| low high A(1405) A(1520)

Extended vs. reduced 21 0.2 54 10 |3.14 0.32 1.37 0.15
A* masses & widths 707 20 4 10.58 0.37 2.49 2.45
Proton ID 2 0.3 1 21027 0.14 0.20 0.05
10 < p, < 100 GeV 0 1.2 1 L ]0.09 0.03 0.31 0.01
Nonresonant 3 03 34 21235 0.13 3.28 0.39
Separate sidebands 0 0 5 01024 0.14 0.02 0.03
JV(3/2+,5/2 ) or (5/2+,3/27) 10 1.2 34 10 |0.76 044

d=15—45 GeV! 9 06 19 31029 042 0.36 1.91
Lfl’g A) = P (low/high) K~ 6 07 4  81|037 0.16

Lp. P7 (low/high) — J/p 4 04 31 7 10.63 0.37

L}’r‘, AY — Ty A* 11 03 20 2 1081 0.53 3.34 2.31
Ei‘[?miencies 1 04 ! 010,13 0.02 0.26 0.23
Change A(1405) coupling 0 0 0 0 0 0 1.90 0
Overall 29 25 86 19 [421 1.05 5.82 3.89
sFit/cFit cross check 5 1.0 11 31046 0.01 045 0.13
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