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» Introduction to non-qq states.

» Evidence for a X(5568)—B.rt with hadronic
decays of B, meson.

» Confirmation of the X(5568)—B.rt with
semileptonic decays of B, meson.

» Search for exotic baryons decaying to ] /y A pairs.

» Summary.
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Introduction

Multi-quark hadrons are allowed by the quark model. Gell-Mann
explicitly mentioned them in the original paper introducing quarks.

“... Baryons can now be
constructed from quarks by
using the combinations

(299). (499499), etc, while
mesons are made out of

(99), (qqqq), etc ...”

M. Gell-Mann, “A schematic model of
baryons and mesons”, PL 8 (1964) 214
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Light scalars as tetragquarks

[aq]

laq] > M,

A graphical representation of the OZl-allowed strong decay of a
scalar tetraquark to a pair of ordinary mesons through switching a
q — q pair between the di-quarks.

“A firm prediction of the present scheme is the
existence of analogous states where one or more quarks
are replaced by charm or beauty.”

L. Maiani, F. Piccinini, A.D. Polosa, and V. Riquer, “New Look at Scalar Mesons”,
PRL 93, 212002 (2004)
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The XYZ states

PDG names all non-qq candidates as X(mass). Authors and
theorists use Z for charged states, Y for 1- - states and X for the
rest. There are various competing phenomenological models
proposed to explain their nature.

Popular interpretations:

= Meson-meson molecule — two white states loosely bound by a pion exchange.

= Compact tetraquark — diquark-antidiquark pair connected by color forces.

= A Hybrid state of quark, antiquark and gluon in an overall color singlet ... or a
Glueball with no quarks in it.
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The XYZ states

The 2003 discovery of X(3872) = ] /v n*n~ by Belle marked the
new era. The flavor contents are not obviously exotic, but a
conventional cc interpretation of a state with JF¢=1++
(measured by LHCDb) at this mass is disfavored.

Since then more than 20 charmonium-like and
bottomonium-like states that do not fit the gq picture have
been discovered in B-factories, at the Tevatron and at the LHC.
Most importantly Z_(4430) — y(2S) =*
discovered by Belle — was
confirmed by LHCDb to be a proper
Breit-Wigner resonance by the
phase motion.

Evidence for quarkonium-like states
made of four or five valence quarks . .. .. . .. . .. . . ..
is established. R W
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Y(4140

Among the >20 “XYZ" states is X(4140) (a.k.a. Y(4140))

decaying to J/v ¢ (a tetraquark |[cs][cs]?) first seen by CDF
in 2009 and then confirmed by CMS, D@ and, recently,
LHCD.

o 10 CDF Run Il Preliminary L=6.0 fb™
S o [DBRun I, 10.4 o +Data (E£ 15007 1 L1 ;
S 8- > 60 — 0 - 4+ ++ +
— o Full Fit & 1000F Ty, E
‘u:) 6~ = i 8000 4  DORuni 1041 *
_ Q40 R @ 000 . . " ]
Q 5 s PHSP - ¢ Data Lxy>0.025 cm .
‘8 4+ -~ 600:_ —=Fit —:
g 3 HH HV H |-| L g ‘ 4005 === Signal ]
= 0 20 # l C ---Background ]
T 21 -~ - ackgroun f) |
§ 1L i orme=z | I } 200/ L
0 ' ' ' — 1l "‘" e ! i ? 0 N | ,“,"-,-...J s le e ladasalog op (]
1 1.1 1.2 1.3 1.4 1.5 ORI 2 YI75Y PO PO RSN S SUNTN. . WO TSN SO0 B BTN St
m(u*wKK)-m(i*u) GeVie 0 4.2 4.3 . 4.4 4.5 415 42 425 43 435 44
MJIYK'K) (GeV) M(J/y 6) [GeV]

D@ reports evidence for the inclusive production, both

prompt and non-prompt, in addition to a bump in a 2-body
mass in a 3-body weak decay B* — J/y ¢ K+.
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X(5568) analysis (hadronic decays of B, meson)
V.M. Abazov et al (DO Collaboration), Phys. Rev. Lett. 117, 022003 (2016)

We study the decay chain:
X(5568) - B? nt,
B - 1/¥d,]/¥ - p'p, ¢ » K'K™.
It includes Bn*, B, §2n+, Efn-.
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D@ Detector in Tevatron Run Il
Tevatron

pp collider, VS = 1.96 TeV.
In operation from 2001 to 2011 (Run II).

Total integrated luminosity delivered ~12 fb! (~10 fb! for physics analysis per
experiment).

Tr'\ggﬁﬂg Muon %Zﬂﬁ.r,?é rCalorimeter T’Y!;ggr
D¢ detector . Detectors>\ Toroid [ System /| Detectors SOUTH
T SR 7777 = 7 : 1."’(““‘"
- i ol LN e |
Scintillator counters and drift L - | [,
tubes. =il ] ” 7w E | =
Thick calorimeter and iron toroids. P~ ..\ s ./ B N7 B
Excellent muon triggeringand ID. .« : 1| 'E = o,
A | [
Silicone Microstrip Tracker. X ’“E‘ ‘ B
Excellent vertex reconstruction. ( » oy

L ; P
o e y
RS S SRyl Tete RPN i e m i i Bknes B LR
(STAT T TS e e S may e e il
I T N MO 7

Electronics
0 meters 5

Central Fiber Tracker.

Good mass resolution.
Excellent for B-physics with muons!

10-e YepeHkoBckue uteHua (PUAH, 18.04.2017) 9 A. Nonos




Examples of D@ Run Il data

c
5 10°] Y 1S
8o - IY 2S,3S
@ 10°- < 4 s .
> M(K*K") distribution:
10°- clear signal from ¢(1020)—>K*K
103; l
10°F D@ Run I, 10.4 fb™! (b)
DQ Run Il > —+ Data
R DT | — Full Fit
10 (1&2 . EZOO_ bt
m“u e ey 5 H N .
/ o | Pt T
A subsample of M(utu-) : §1°°. - RBW, J=1
from]/y to Z W B T L Bkg
=102 o406
M(K'K") (GeV)
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Data selection

Looking to a state decaying strongly to Bt using the full
D@ Run |l dataset of 10.4 fb! collected between 2001 and
2011.

Require a single muon or dimuon trigger.

Select B? - ]/ ¢ candidates:
¢ 2.92 < M(pp) < 3.25 GeV/c?%;
« pr(K) > 0.7 GeV/c: 1.012 < M(KK) < 1. 03 GeV/c?;

* 5.304 < M(J/PK*K™)< 5.423 GeV/c?; (L ) > 3.
Xy
Add a track assumed to be a pion, consistent with coming

from PV:
* pr(m) > 0.5GeV/c; 1Py, < 0.02 cm; IP3p < 0.12 cm;

 pr(BIm) > 10 GeV/c; AR = \/A@? + An? < 0.3, the “cone”
cut.

M(B;n) = M(J/v ¢ m) - M(J/v ¢) + M(By) (PDG).
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Background

2000 — , DORunll, 10.4 f'

The B? signal:

M = 5363.3 + 0.6 MeV/c2;

c =31.6 + 0.6 MeV/c?

N =15582 1+ 100;

B? signal region (+20):
et 5303 < M(J/v ¢) < 5423 MeV/c?.

O E 1 1 1 | 1 1 1 ] L 1 1 | 1 1 1 | i} 1 i | 1 1 1
4.8 5 5.2 5.4 5.6 5.8 6

m (/v o) [GeV/c?]

We pair a B, candidate in the signal region with a charged
track assumed to be a pion to form a Bn* candidate.

In the B, signal region there are (1) B, signal and (2) non-
B, background. (1) is simulated with Pythia; (2) is taken
from sidebands selected such that their “center of gravity”
Is at M(B.,).

(1)+(2) are combined in the right proportion (71% + 29%).
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Background and signal model

450 = 700 - [ AR cut efficiency for AR < 0.3 |
400 3 * * 600 [ g k-
350 E S oo
o > 500 1 5 F
= 300 s . EREIS
[<e] E - <
; 250 = e 400 — ¢  Background model w/o cone cut = 0'7:_
.E 200 E_ "2 = ¢ Béckground model with f:one cut 0.6;—
[y = > 300 [— + Fits to background function .
> E r E
= . . > C
ol Points —sidebands, | & F ¥
100 . z - B
E -— E 0.3
ok Histogram — B, MC ook :
- 0.2F-
0_"""""""'""'7"‘"7""""'|"" O:H‘.l....l....1....|...,|....|....|.... Ba g pies % s o il % 9 S0 B O N BB S P § 15
58 580 B& 886 Bs°. < .8 BE GS\B/E/) P 32 55 555 56 565 57 575 58 585 59 388 86 ey 37 878 ;‘(% )65-5/52
+ 1), Gev/c
m (Bs 7%) [GeVie™] m (B %) [GeV/c?]

The two background components have a very similar shape. It is
parametrized as

(¢, +c,m?+c3 m3+c, m*) XExp(cs+c. m+c,m?).

The same parametrization (with different values for parameters) works
for background with and without AR cut.

The signal X is assumed to be a relativistic S-wave Breit-Wigner with a
mass-dependent width I'(M) = Iy - ™/q,, where qyis a rest-frame
momentum of B, at M(B,n)=M and q, is the momentum at the central My
value. The BW is convoluted with the Gaussian resolution ¢ = 3.8 MeV.

Fit data to Ny- BW(M,,I'y) + f,, * F,, with free parameters
Ny, My, Iy, foig-
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DO Run I, 10.4 &'

. DATA

Fit with background shape fixed
-==. Background

Signal

N events / 8 MeV
(6]
o

]
(8}

Residuals (Data-Fit)
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o

m (B% t¥) [GeV/c?]

AR<0.3

/

M, = 5567.8 + 2.9 MeV/c?

\

Iy =219 1 6.4 MeV/c?
N =133 + 31 events

Probability for null (background only) hypothesis to reproduce
the yield gives the local statistical significance 6.6c.
Taking into account Looks Elsewhere Effect (LEE) get 6.1c

global statistical significance.
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Alternative signal extraction

First 6 M(B,x) bins from the left plot

50F-
1 3 2
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10E +H

. ~ A n n n £
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140 DO Run Il, 10.4 o'
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Y h E x i L &
51 52 53 54 55 56 57 58 c'.: 61 52 53 54 655 656 57 58

lllll Illllllllll lllll [ l_+_

%.5115|.I55H 5.6 lé.65 5.7 5.7511 58 151.85H 5.9
m (B% %) [GeV/c?] M(J/y9), GeV/c?

Reverse the search: look for B signal yield as a function of M(J/vy ¢ x)

Extract the B, signal individually in fits to M(J/v ¢) in 20 intervals of
M(/v ¢ =) and plot the resulting B, yields. The result is M(B;x)
distribution with pure B, there is no non-B, background.

M, =5567.8MeV/c? Ty=219MeV/c? N =118+ 22 events
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Fits in two intervals and production ratio

;_ DO Run II, 10.4 f6' ;_ DO Run II, 10.4 &'

40 & 5
5 a5 = ]L
= 30 -
@ _E -
;25:— =
St )
T 15 =
=z = E

10:— =

5 F _ ,

U5 555 56 Bes E7 ET5 58 565 e U5 55 s beshT 575 5e 5 5e

m (B% m*) [GeV/c?] m (B% m* [GeV/c?]
0 0
10 < pr(BY) < 15 GeV 15 < pr(BY) < 30 GeV
Parameter 16 < pT(Bg) < 15 GeV/02 15 < pT(Bg) o 20 GeV/C2

N (X (5568)) 58.6 1+ 16.7 67.5 £ 21.8
M (X (5568)) 5566.3 + 3.3 5568.9 + 4.4
I (BT (5568)) i8.4 &+ 7.0 21.7 + 8.4
N (B9) 2463 + 63 1961 + 56
e(mE) (26.1 + 3.2)% (42.1 + 6.5)%
p(X (5568)/BY) (9.1 + 2.6 &+ 1,6)% (8.2 + 2.7 + 1.6)%

Averaging over 10 < p,(B,) < 30 GeV/c:
p=0(X(5568)%) x Br(X(5568)* - Bnt)/a(B?) = (8.6 + 1.9 +1.4)%
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Systematic uncertainties

Source mass, MeV/c2 width, MeV/c2 rate, %
Background shape
MC sample soft or hard +0.2 ;-0.6 +2.6 ; -0. +8.2 ; -0.
Sideband mass ranges 4+0.2 ;-0.1 4+0.7 ; -1.7 +1.6 ;-9.3
Sideband mass calculation method +0.1 ; -0. 4+0. ;-0.4 +0 ;-1.3
MC to sideband events ratio +0.1 ; -0.1 +0.5 ; -0.6 +2.8 ;-3.1
Background function used 4+0.5 ;-0.5 +0.1 ; -0. +0.2 j-1.1
Bg mass scale, MC and data +0.1 ;-0.1 +0.7 ; -0.6 +3.4 ;-3.6
Signal shape
Detector resolution +0.1 ; -0.1 +1.5 ;-1.5 +2.1 ;-1.7
Non-relativistic BW +0. ;-1.1 +0.3 ; -0. +3.1 ; -0.
P-wave BW +0. ;-0.6 +3.1 ; -0. +3.8 ; -0.
Other
Binning 4+0.6 ;-1.1 +2.3 ; -0. +3.5 ;-3.3
Total 40.9 ;-1.9 4+5.0 ;-2.5 1ii4 p~idis3

Significance with systematic uncertainties and LEE is 5.1 c.
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» Use left (right) sideband for the non-B background.

» Use two versions of Pythia for the B, background.

» Test B.K*and B_p hypotheses.

» Compare sidebands with “undersignal” background.

» Allow background shape parameters to be free.

» Extract the signal yield without the “cone” cut.

» Use different B, mass ranges; modify the B, vertex cut.
» Compare ©t* and T~ subsamples.

» Examine different detector regions (,n).

» Study M(BJm¥) on the full Run Il data sample.

> Look for decay B:* — Bt ™.
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Fit with no “cone” cut

120

—_
o
o

N events / 8 MeV/c?
(o]
o

Residuals (Data-Fit)
(6]

DO Run 11, 10.4 f5' *

||IIIIIII

. DATA
Fit with background shape fixed

---. Background
............... Signal

.......................................

5 5.55 56 5.65 5.7 5.75 5.8 5.85 59

m (B 1) [GeV/c?]

M, = 5567.8 MeV/c?
Iy =21.9 MeV/c?
N =106 + 33 events

The corresponding local statistical
significance for this fit is 4.8 c. If
LEE and systematics are taken into
account it leads to the global
statistical significance 3.9 o.

The lower yield without the cone cut
led PRL to insist on “Evidence” rather
than “Observation” despite on 5.1 ¢
global significance with the cone cut

There is an excess of events in high mass
(5.7 < M(B.w) < 5.9 GeV) background that
may be due to sources of B_ not included in
the simulations. Examples of “physics
beyond Pythia” are B. = B.t*nf, including B,
- B,p*. Or may be a higher mass tetraquark
states? The inclusion of added high-mass
backgrounds would cause the yield of the
no-cone-cut case to increase.
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X(5568)— B.mw, with hadronic decays of B.: Summary
It is produced in pp collisions.
M = 5567.8 +2.9173 MeV/c

=219 +6.4732 Mev/c?

p = o(X(5568)%) x Br(X(5568)* - Bnt)/o(B?) =
(86+19+14)%

The significance (including systematic uncertainties and LEE): 5.1¢

It undergoes a strong decay to:
X - Bt JF =0" X - Bint,B: - By JP =1*

In the second case the mass of
the X(5568) should be shifted up
by 48 MeV/c2.

10-e YepeHkoBckue uteHua (PUAH, 18.04.2017) 20 A. Nonos




E 0 aime state
sk LHCb p (B9 > 10 GeV - E
S B ombinatorial ]
% 200 {_ ]
z ™ e bt :
g 1505— + 'l' .{. + {_ + ]
8 100:— =
S [ 7
& 50— 3
o t A

i =

% ol e iy * -------- { --------- } ---------------------------------
T ol b b
iR} t I { i IR

| T N A L B il e N L

5550 5600 5650 5700 5750 5800 5850 5900 5950 6000
m(B%r:) (MeV)

LHCDb (pp collisions, 7 & 8 TeV) sees
no evidence for X(5568). Fraction of
B, that comes from X(5568) is less
than 2.4% (95 CL) in compare with

8.6% from D@.
R. Aaij et al., PRL 117, 152003 (2016)

set limit at fraction of B,from = © i
X(5568) less than 3.9% (95% = : {
CL). CMS PAS BPH-16-002 !
2 800
So, is the X(5568) dead? Or are ?u -3
. . O
there differences due to production sk
or energy differences between
Tevatron and LHC? S
Additional studies would be very gle S Le r p 1L 1 s sl 2t L
important! AM(B])+M(BY),_ . [GeV]
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X(5568) analysis (semileptonic decays of B, meson)

In preliminary analysis for Moriond
QCD 2017, D@ undertook to search for
X(5568) in a complementary decay
channel for B, (semileptonic):

n X(5568) — B,
B;—»D,uv+ Xany'
D, - ¢(1020) =,
$(1020) —» K*K-

(and charge conjugates)

Ol

* The backgrounds in semileptonic channel are different from those in
hadronic channel.
 The presence of neutrino — different mass resolution.
 The character of possible reflections of other resonance structures is
different in the semileptonic and hadronic channels.
Thus, the study of semileptonic channel can provide an independent
confirmation of X(5568) existence.
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Semileptonic X(5568): Data selection

Event reconstructionand  =uof o
selection = ok
= e _
DO Run Il integrated luminosity @ 1:2_ Good mass reSO'ut'C;n
-1 L J o even In presence o
104 b o 1235_ missing neutrino
3 < py(1) < 25 GeV/c; Z 6of
pr(K) > 1 GeV/c; oF Lt e ;
1.012 < M(KK) < 1.03 GeV/c? TR R RN
B, and D, vertices well separated from m (B m*) [GeV/c?]
primary vertex; 8, F
4.5 GeV < M(D,p1) < M(B,); > F 4 bt
S L
pT(DSu) >10 GEV/ C 2 200~ H + +++++H +++ + +++H+H++++ + +++ +
py() > 0.5 GeV/c; g | T #p 41
o 150 +
M(B,7) = M(Dum) - M(Dy) + M(B), ot ¢ 00 prsinay. 1041
where M(B,) = 5.3667 GeV/c? (PDG) -
5o+
Looking at the same mass range: "
5.506 < M(Bsﬂ) <5.906 GEV/Cz I TR 7 '5I7(;3(') '+';>|75' BT — 5%23\”22'?
m(b m e
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Semileptonic X(5568): Background

Background parametrization

Background distribution is obtained

the background were used to model 500
the background for background shape
systematics estimation.

. 30003— + $ . 4
from MC and reweighted to data. : M;-;;#W***"Wr Pty
K o * .4 *
L 2500 i +4e9)
— ) . 2 . 3 . 4‘ > - 4’

Fbgr(M)—(C1 m+C,'m*+C;m*+C,ym*) 3 ¢ bo#

© 2000 ¢
x ~ — "
o) C 3
exp(Cs'm+Cq'm?), where m=M-My,.  § 150~ £ DO MC

() .

Several alternative parametrizations of = 1000

i

Alternative background parametrizations

1. Fbgr(M)=(C1+C2'm2 +C3'm3+c4'm4)XeXp(Cs'm+C6'm2), Where m=M'A, A=5.5
GeV/c?(same as for hadronic channel).
2 C1
2. Fpge(M) =M~ (NI:IZ - 1) X exp(Cy - M), where M,, .is a B.x threshold.
thr
3. Histogram smoothing (one iteration of 353QH algorithm).
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Semileptonic X(5568): Signal parametrization and fit results

The signal is modeled with the same relativistic Breit-Wigner S-wave
shape, convoluted with mass resolution, which also includes the
missing neutrino effect.

Fit to data

Fﬁt(M!Mxer) =fbgr‘ Fbgr(M) +fsig' l:.‘sig (Mther)

where F; (MM, I'y) - signal function, f, f

sig - hormalization coefficients.

250 [
— +3.6 2 « N
My = 5566.7 34 MeV/c?, g, f
_ +9.5 2 2 T
Ik =6.0Z53 MeV/c?, ® 150k
- +51 g [ DO preliminary, 10.4 fb'
NX - 139!63' § - ¢ DATA
© 100 —
= B Fit with background shape fixed
. w g N A LR Background
Significance sofd | o
450 local (statistical) LY
. . ettt 1L e b e bk dessberelesebesdesdassleesbesdberdsesbensbesdeselrssbedbesdeseloseberdsentasel
significance, 0555 56 565 57 575 58 585 59
3.20 with systematics. m (B% n %) [GeV/c’]
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Semileptonic X(5568): Systematic uncertainties

Vary MC energy scale and mass resolution, fit signal to P-wave BW, vary
the resolution smearing due to the missing neutrino.
Dominant uncertainty is due to background shape description.

Source mass, MeV /c? width, MeV /c? event yield, events
Background shape description +0.0 ; —0.7 +0.7 ; —2.5 +4.8 ; —28.0
Background reweighting +0.1 ; —0.1 +0.7 ; -0.7 +5.0 ; —5.0
BY mass scale, MC and data +0.3 ; —0.5 +1.0 ; —14 +7.5 ; —9.6
Detector resolution +0.0 ; —0.5 +1.3 ; —2.6 +3.7 ; —64
P-wave Breit-Wigner +0.0 ; —0.2 +0.0 ; —24 +0.0 ; =7.0
Missing neutrino effect +1.0 ; —0.0 - -

Total +1.0 ; -1.0 +1.9 ; —-4.6 +10.9 ; —31.5
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Semileptonic X(5568): Comparison with hadronic channel

Semileptonic

Hadronic, AR cut Hadronic, no AR cut

Fitted mass, MeV /c?

Fitted width, MeV /c?

Fitted number of signal events Late. T
Local significance 4.50
Significance with systematics D20

Significance LEE+systematics -

5567.8 £ 2.9100 5567.8
21.9 £ 64757 21.9
133+ 31+ 15 106 4 23

6.60 4.80
5.60 -
b.1lo 3.90

Results in semileptonic channel are compatible with those in hadronic
channel within uncertainties.
Fraction of B, from X(5568) (PT(DSM) > 10 GeV):

p(X(5568)/B,) = 7.3123

(stat) 198 (syst)%

Is also in agreement with the ratio measured in hadronic channel
(8.612.4%).
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Semileptonic X(5568): combined significance

The backgrounds and other sources of systematic uncertainties for
hadronic and semileptonic channels are nearly independent.

Combined significance

Pcomb = Ps1 * Phad [1- ln(psl * Phad )]
Ppag = 3-8+ 1077 (with AR cut), py = 6.4 - 10

Peomp = 2.6 - 10(1.1 - 10 without AR cut) which corresponds to combined
significance 5.7¢ (4.7c without AR cut)

D@ sees a strongly decaying (I'>0) state X(5568) in two quite different
channels with different backgrounds etc. The combined significance for

two channels is 5.70 (4.7c without AR cut).
The X(5568) would be the first meson that includes four different flavors.

No other experiment is observed X(5568) so far; awaiting results from
ATLAS and CDF (especially CDF since LHC and Tevatron production
might differ).

https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B68/
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D@ Pentaquark search

Just as exotic mesons can be constructed from qqqq, exotic baryons can
be constructed from qqqqq (so called pentaquarks).

In 2015, the LHCb collaboration reported two structures P (4450)* and
P.(4380)* in the decay A,—»P.*K,P.t—]/yp.These P, states are within 400
MeV from ]/y p threshold. The minimal quark content is uudcc,
manifestly an exotic pentaquark.

Numerous states with the quark contents including cc pair and three light
guarks are expected to exist within 500 MeV of the threshold.

Motivated by the LHCb result, D9
/v searched for strange analogs of

i /4 LHCD states: e.g. A,— P, ¢,
Py & P J/yA, ]/ y- pp, A p

BN Such states (P~ ]/y A) can be
produced directly in pp collisions

¢ (prompt production) or from weak
decays of b-baryons such as A,,
depictured here (non-prompt

production).
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Search for P~ J /w A: Event selection

DO Run Il integrated luminosity 10.4 fb!

pr() > 1 GeV/c; pr(up) > 4 GeV/c
2.92 < M(pp) < 3.25 GeV/c?

pr(A) > 0.7 GeV/c
1.110 <M(A) < 1.122 GeV/c?

pr(m) > 0.15 GeV/c

Non-prompt: ] /y decay length significance in the transverse plane is greater than 3 and A
decay vertex is closer to ] /v decay vertex than to the primary vertex.

> | O R I R R P
o) L
@ 14l Prompt W&d
o |— —
= 1200_ WMW*M
2 1000 ***# W WY
§ L *M
0 800 /\ 2
600? -
A DO(Run II, 10.4 fb", Preliminary
400 —
200%- + Data: Prompt J/y -
O:I 11 | 11 |1 | 11 I 11 1 I 111 l L1 1 I 11 1 I LT I 111 l 11 l-_l-
44 46 48 5 52 54 56 58 6 6.2
M(J/yA) [GeV]

Events/0.01 GeV

250

200

150

100

50

+ Non-prompt
MWW

3

MW "

DO Run

+[)ata Non-prompt J/y
IIlIIIlIIIIIIIIIII

11, 10.4 f5', Preliminary

l|||||||||||_|

Aol /v A_;

b

o
% Wmﬂ

I SRR S T

O:||||||||

44 46 48 5

5.2 54 56 5.8 6

6.2
M(J/WA) [GeV]
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Search for P.— ] /w A: Search procedure

Binned maximum likelihood fits to the distribution of the ]J/y A invariant
mass in the range from the ]J/y A threshold to 4.7 GeV/c?.
Fﬂt(M’Mx’Fx) =fbgr' Fbgr(M) +fsig' Fsig(Mlancx) ’
where
F,(MM,,0,) - Gaussian function with free M,, o,;
foge fig - NOrmalization coefficients.
Foge(M) & M+ (M2/MJ,, — 1)1 - e™%2M - (1 — e~ M-Mun)/b),

where M,, . is the ]J/y A threshold.

Mass fits of the sum of signal + background or background only to the
data were performed with the signal mass set at fixed values in 10 MeV
steps - local statistical significance scan in the mass range of interest.

Local statistical significance is defined as \/—2 :In (£y/Lyay) -
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Search for P.— | /v

2 F = T
}g 3.5;— 3 E
8 C I ]
B 3 = ry .
3 F DO Run I, 10.4 &', Preliminary o = 1
& 250 2 C +
: g - +:
oF- o 150F L -
- C DO Run I, 10.4 fb, Preliminary ]
e 100f =
£ ¢ Data
g 50 -_ — Total fit ]
0.5 - ; -==» Background
0 :1 Ol I S o T 11 (o R ) ! ! Ll 1 L1 L1 vl L1 0 -' e b |owp e g o9 19 o9 g | opoy e g ] _l
42 425 43 435 44 445 45 455 46 465 4.3 4.4 4.5 46 4.7

M(J/yA) [GeV]

M(JAyA) [GeV]
The highest local significance of 3.45c occurs at M = 4.32 GeV/c?.
Looks Elsewhere Effect (LEE) was estimated in the same interval (from

the ]J/vy A threshold to 4.7 GeV/c?) with 6400 pseudoexperiments to
determine a probability of a 3.45c or higher fluctuation anywhere in the

search range. The global significance with LEE is 2.8c

Thus no evidence for strange analog of LHCb pentaquarks in J/y A, but at
least a pointer on where one might look.

https://www-d0.fnal.qov/Run2Physics/WWW/results/prelim/B/B69/
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»

During the last year D@ presented several results for exotic states
searches.

X(5568)— B.m, B, — J/v ¢. Evidence for the first instance of a hadronic
state with valence quarks of four different flavors. The statistical
significance for this state (including systematics and LEE) is 5.1c.
LHC experiments (LHCb and CMS) do not observe it.

X(5568)» B, B.» D uv+X Thereis an excess of events in the data
consistent with the decay X(5568) = B.w, B, = ] /v ¢. The mass, natural
width and production rates in the semileptonic and hadronic channels
are consistent. Combined significance for semileptonic and hadronic
channels is 5.7c.

Search for exotic baryons = J/w A. In the mass range between

threshold and 4.7 GeV/c? no evidence for new baryons decaying to ]J/y
A have been found, the most significant deviation from background-
only hypothesis is seen at M(J/y A)= 4.32 GeV/c? with a global
significance (including LEE) 2.8c.
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AR cut: does it “sculpted” the X(5568) peak?

[ AR cut efficiency for AR < 0.2 |
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Fitted mass is stable with various

value of the cone cut
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Semileptonic X(5568): production ratio p

1000 = DO preliminary, 10.4 fo'
©
= 800 +
= — D
o &
~ 600 —
il
= i
> 400
) B
< &
. \ + 0+
0 B 1 1 1 1 I 1 1 1 1 I Issl (IDIS I“l_) 1 1 I 1 1 1 1 I 1 1 1 1
1.7 1.8 1.9 2 2.1 2.2 2.3
m (¢ %) [GeV/c?]

Production ratio of X(5568) to B,
Calculated by fitting M(¢x) distributions in the opposite sign (0OS) and
same sign (SS) D, u samples.

p(X(5568)/B,) = 7.335 (stat) * IS5 (syst) %
(pr(Dsp) > 10 GeV/c)

which is in agreement with the ratio measured in the hadronic channel.
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Semileptonic X(5568): fits with alternative background

parametrizations

1. Fou(M)=(C;+C;'m? +C3:m3*+C, m*) X exp(Cs'm+C4-m?), where m=M-A, A=5.5 GeV/c?.

M 2
2
Mthr

2 Fyu(M)=M- (

Cq
- 1) X exp(C; - M), where M,;, is a B_x threshold.

3. Histogram smoothing (one iteration of 353QH algorythm).

(1)

(2)

250 [ ++ 250 [ ++ 250 |- ++
= 200 |- > 200 |- =200 -
2 e A S R m
2150 [ , © 150 ; P 150 -
.‘g L DO preliminary, 10.4 fb 2 C DO preliminary, 10.4 fb *8 E DO preliminary, 10.4 f5'
(7] C 7] C (0] C
3100 1 o _ & 100 e , 100 - ¢ DATA
= C Fit with background shape fixed =z C Fit with background shape fixed = C Fit with smoothed MC
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0.1 YL RNPU i Ok YR 90 O O OSPRS00 S0 5.V YR AL R PR L O 100 YO0 O (O [ i o | 0....-“]...",«‘J.KL.I..‘.l.l..l....l....l....l 0 £ IR O (0N WO YNION SO0 T YOO VO WOF 0 A WOUOOR 00 YO0 DU W00 YOO YO OO0 RV TROL W00 WOV
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m (B% m) [GeV/c?] m (B% 1) [GeV/c?] m (B% m¥) [GeV/c?]
Parametrization (1) Parametrization (2) Parametrization (3)
Fitted mass, MeV /¢ 5566.27 57 5566.07 20 556470
Fitted width, MeV /c? < N e BT, 5 i
% ¥ 5 = k=
Fitted number of signal events B8y = T LA gl s
Local significance 3.70 4.70 3.90
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