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Evidence for B_x state, B.— ] /v ¢(1020)

X(5568) - B? i,
B - J/Wé, ]/ - ntu, ¢ - KK,

Event reconstruction and selection

DO Run Il integrated luminosity 10.4 fb!

pr(p) < 1.5 GeV/c;
2.92 < M(up) < 3.25 GeV/c?;
pr(K) > 0.7 GeV/c; ®
1.012 < M(K*K) < 1.03 GeV/c? @
5.303 < M(J/w K*K") < 5.423 GeV/c?;
2000

pr(m) > 0.5 GeV/c; j , DORunIL, 10.415'
pr(Bdm) > 10 GeV/c; 3

M =5363.3+ 0.6 MeV/c%
o =31.6+ 0.6 MeV/c%4
N =5582 + 100;

—t
(o)
o
o
T

AR = \/A@? + An? < 0.3, the “cone”
cut between B, and .

M(B,r) = M(J/y¢r) - M(J/y9) +M(B),
where M(B,) = 5.3667 GeV/c?

5.5 <M(B.n) < 5.9 GeV/c? 45 52 54 =5 55 e
m (/v ®) [GeV/c?]

—
o
o
o

N events / 20 MeV/c?

500 |
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Evidence for B.n state, B.— ] /v ¢(1020)
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..‘B E _Q C [ Background model with cone cut
GC) 200 :_' GC) 300 :— + Fits to background function
& 150 E- Points — sidebands, > 2o : B
Z 100 E Histogram — B, MC S
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55 5585 56 565 57 575 58 585 59 m (B% 1) [GeV/c2]
m (B% 1) [GeV/c?] °
a4 Background: )

a.) Real B — modeled by MC; b.) non-B; (combinatorial) — taken from B,
sidebands (data). Both have a similar shape and were combined in right
proportion.

Background parametrization:
(¢, +c, m?+cy'm3+c, m*) XExp(cs+c, m+c,,m?) , where m = M - 5.5 GeV/c?.

Signal: Relativistic S-wave Breit- Fitting function:
Wigner convoluted with Gaussian Ny Fg(m,My,Ty) + fiq * Frye(m) ,

resolution ¢ = 3.8 MeV/c?. with free Ny, My, I, ..
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Evidence for B.n state, B.— ] /v ¢(1020)
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Statistical significance (with systematics\

X(5568) and LEE)
M = 5567.8 + 2.9(stat)* 13 (syst)MeV/c? With AR=,/An + A¢ < 0.3 cut: 5.1

I'=21.9 + 6.4(stat fgjg(SYSt)MeV /c2 Without AR cut: 3.9

Not seen by LHCb and CMS in pp
p(X(5568)/By) = 8.6 + 1.9(stat) + 1.4(syst)% collisions at 7 and 8 TeV/c?.

V.M. Abazov et al (DO Collaboration), Phys. Rev. Lett. 117, 022003 (2016)

ICPPA-2017 A. Popov (Institute for High Energy Physics, Protvino) 04.10.2017



X(5568)—Bnt with semileptonic decays of the B, mesons

[ X(5568) - B;w, B;— D p X,,,, D= $(1020) = ]
o 200
b 180F DO MC
> 160F
= 140 :
g ] Good mass resolution
2 .00E- even in presence of
§ 80f- missing neutrino
L 60F-
"3 + ¢
20;_ 1 | ’I * | T | | |
p 0555 56 565 57 575 58 58 59
m (B% m*) [GeV/c?]
ﬂvent reconstruction and selectiorm L
§ 250—
DO Run Il integrated luminosity 10.4 fb! - H» # 4 W t
. . E zoo:— ++ + + +++++ + + + +++H+H+++ ++++++++
3 < py(u) < 25 GeV/c; p;(K) > 1 GeV/c; S +++ t
1.012 < M(KK) < 1.03 GeV/c? & o ++
4.5< M(Dsl.l) < M(BS); pT(DSp) >10 GEV/C 1oof—++ DO preliminary, 10.4 f6'
M(BsTt) = M(Dslm) - M(Dsll) + M(Bs)r 503—*
where M(B,) = 5.3667 GeV/c? "
5.506 < M(B,7) < 5.906 GeV/c? Cosm e e M eevidd
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X(5568)—Bnt with semileptonic decays of the B, mesons

/ Background parametrization \

Background distribution is obtained
from MC and reweighted to data.

exp(Cs'm+Cgm?), where m=M-M,,

Several alternative parametrizations of the

/ Fit to data \

Fﬁt(m*Mx’FX) =fbgr' Fbgr (m) +fsig' l:"sig (m’Mx’FX)
where F;,(m,M,Iy) - S-wave BW function
convoluted with resolution (including
missing neutrino effect), f,, f;
normalization coefficients.

M, = 5566.7+3$ MeV/c?

ig =

background for background shape
systematics estimation.

background were used to model the

3000|— + basl, *
s Laagaghitts LPRNIRY
~ F s Py Toed,.
L 2500 . Sheg
% C +¢0“¢
= - g
o 2000— #’
; : l"
> I
o -4
Z 1000/
4
500
t
O 56 Bes 57 575 58 588 59
m (B n %) [GeV/d]
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Q‘X = 6.0723 MeV/c2, N, = 139t2y
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X(5568)—B r with semileptonic decays of the B, mesons

/" Local statistical significance ) 4 Systematic uncertainties )
\/ 2. ln Background shape description, background
£max reweighting, B, mass scale (MC and data),
450 from the fit, 3.2c with the detector resolution and missing neutrino
\_ effect, P-wave Breit-Wigner. )

\_ systematic uncertainties. -/

Comparison with hadronic channel

Semileptonic Hadronic, AR cut Hadronic, no AR cut
Fitted mass, MeV /c? BB6A.TTES Ty il ey 5567.8
Fitted width, MeV /c? BB=s M9 +64157 21.9
Fitted number of signal events I3 e 133 £31+£15 106 £ 23

Results in semileptonic channel are compatible with those in hadronic

channel within uncertainties.
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X(5568)—Bnt with semileptonic decays of the B, mesons

Semileptonic Hadronic, AR cut Hadronic, no AR cut
Local significance 4.50 6.60 4.80
Significance with systematics 320 5.60 -
Significance LEE+systematics - 5.1o 3.90
4 Combined significance )

Pcomb = Ps1* Phaa* [1 = 1n(Dg* Prag)]:

Peomb = 5-6 - 10°9(1.1 - 10-® without AR cut) which corresponds to combined significance
5.70¢ (4.7 without AR cut) Y.

a

=i
(=)
o
o

DO preliminary, 10.4 &'

Production ratio of X(5568) to B,

Calculated by fitting M(¢n) distributions in the
opposite sign and same sign D, samples.

p(X(5568)/B,) = 7.3122(stat) 195 (syst) %

which is in agreement with the ratio measured
—23 in the hadronic channel.

(9] o]
o o
o o

N
o
o

lI|III|IlI|IlI|

N events / 6 MeV/c?
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Search for exotic baryons decaying to ] /y A

ﬂ Observation of two ] /y p states named P. around 4380 MeV/c? and 4450 MeV/cz\
in A,— ]/v p K decays reported by LHCb.

* Numerous states with the quark contents including cc pair and three light quarks
are expected to exist within 500 MeV of the ] /vy p threshold.

\_ Search in the M(J/y A), where ] /y—pp, A-pr. Y.

/ Event reconstruction \
D fb1

0 Run Il integrated luminosity 10.4

v
AL ) P py(1) > 1 GeV/c; p;(up) > 4 GeV/c
B z & 2.92 < M(pp) < 3.25 GeV/c?
W, o p-(A) > 0.7 GeV/c
N\ 1.110 < M(A) < 1.122 GeV/c?
e p;(m) > 0.15 GeV/c

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

primary vertex.
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Search for exotic baryons decaying to ] /y A

T N R | | T > [T IR L R IR BN R LR

o T4 Prompt Wﬁﬁ & 250:—Hw+ Non-prompt  Ay—J/WA-

S 12000 S FAIRYE T S  f *# - :

S ¢ : y (AT : S 200 + M w =

e L N

0 SOOEf* ks D 150[ Pf# -

600K L 3 #ﬁ*}w 3
4ooi DO Run II, 10.4 5", Preliminary E 100¢ % %}# W

' ] 50t_ DO Run II, 10.4 5, Preliminary Mﬂ

200;‘ + Lirle Poanpt-Ly _: E +Data. Non-prompt J/y E

O_uu|I|||I|||I|||l|||||||I|||I|||I||||| | O_|||I|||||||||||I|||I|x|||||||||I|||I| L

44 46 48 5 52 54 56 58 6 6.2 44 46 48 5 52 54 56 58 6 62

M(JwA) [GeV] M(JAwA) [GeV]

/ 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/c2.

Fﬁt(M Mx’rx)_fbgr Fbgr(M)+ sig Fsig(MJMx’Gx)’

where F;,(M,M,,c,) - Gaussian function with M,, 6,; f,,, £, -
normalization coefficients.

Fpgr(M) o< M - (M2/M3, — 1)1 e~ 2M. (1 — e~ M~Mwr)/b),

where My, . is the ] /y A threshold
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Search for exotic baryons decaying to ] /y A

4 Mass fits of the sum of signal + background or background only to the data were h
performed with the signal mass set at fixed values in 10 MeV steps. Local statistical

significance is defined as \/ —2-In (Ly/L,ax) - The highest local significance of
3.450 occurs at M = 4.32 GeV/c?. If LEE (computed in the same 500 MeV interval)

\_ is taken into account it leads to the global significance of 2.8c. Yy,

- % [ T =T 2

5 351 G 250f =

8 r o - ) ’

g 3 1 e o X ] .
T F DO Run I, 10.4 fb', Preliminary = .200F

&5 2.5;— 5 E + +:

. o 150F o ~

2 . DO Run Il, 10.4 fb', Preliminary ]

= 100F -

- ¢ Data :

1;— 50 — Total fit _:

- ===+ Background .

05— N

: O [ SR SR TN N TN SN TN TN Y SRR SO SN SO (NN SR SO SO TN NN N SO SN S _1

Eli —~A\ 4.3 4.4 45 4.6 4.7

S | 1 11 L1 11 1 1 { 1 L1 11 11 1 { ] R
42 425 43 435 44 445 45 455 46 465
M(J/yA) [GeV]

No evidence for new baryons decaying to ] /y A

M(J/yA) [GeV]
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Conclusion

» X(5568)— B, B, — Jyd(1020). We report evidence for a narrow structure,
X(5568). This is evidence for the first instance of a hadronic state with
valence quarks of four different flavors (u,d,b,s). The statistical significance

of this evidence is 5.1 with AR<0.3 cut and 3.9c without it.
V.M. Abazov et al (DO Collaboration), Phys. Rev. Lett. 117, 022003 (2016)

» X(5568)— B.x, B, — D u X. There is an excess of events in the data
consistent with the decay X(5568) — B.x, B, = ] /vy ¢. The mass, natural
width and production rates in the semileptonic and hadronic channels are
consistent. Combined significance for semileptonic and hadronic channels is
5.70.

https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B68/

» Search for exotic baryons — ] /w A. In the mass range between threshold

and 4.7 GeV/c? no evidence for new baryons decaying to ] /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.
https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B69/
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Evidence for Bx state, B.— ] /v $(1020)

TABLE I: Systematic uncertainties for the observed X +(5568) state mass, natural width, and event number.

Systematic uncertainty mass, MeV/c? width, MeV /c* Events, %
Background shape

a) MC sample soft or hard +0.2 ;-0.6 +2.6 ;-0. +8.2 ;0.

b) Sideband mass ranges +0.2 ;-0.1 +0.7 ;-1.7 +1.6 ;-9.3

¢) Sideband mass calculation method +0.1 ;-0. +0. ;-04 +0 :-1.3

d) MC to sideband events ratio +0.1 ;-0.1 +0.5 ;-0.6 +2.8 ;-31

e) Background function used +0.5 ;-0.5 +0.1 ;-0. +0.2 ;-1.1

)BO mass scale, MC and data +0.1 ;-0.1 +0.7 ;-0.6 +34 ;-3.6
Signal shape

a) 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.

d) P-wave BW +0. ;-0.6 +3.1 ;-0 +3.8 : 0.
Others

a) Binning +0.6 ;-1.1 +2.3 ;-0 +3.5 ;-3.3

Total +0.9 ;-1.9 +5.0 ;-25 +114 ;-11.2
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Evidence for B state, B.— ] /v $(1020)

PRI TN

90 90 90
sk AR<0.2 DO Run II, 10.4 fi' a0 E- AR<0.3  0oRunil, 10410 k. AR<0.5 DO Run II, 10.4 &'
o o ~ - L’ E
§ 70 e  DATA § 70 e DATA § 70 &
© u Fit with background shape fixed (o) E Fit with background shape fixed [ E
S 60 ;— ------- Background S 60 5 - Background =S 60 |
e - Signal - ... Signal E
250_— o 850_— & 350_—
2 E §2) g i) =
€ 40 [ + € 40 + C 40 -
[ o (3] E o E
D30 d30F D30 DATA
> o > - + + = F Fit with background shape fixed
20 20 + 20
10 £4 TS t 10 + 10
R e Mo Doy Ry i g g g o p R Ly iy Rlers s Do o b s o el e sl s g U8 ¢ oo UEd i :,,,.,.‘,-"."1.,,"".'--4.‘,.|....|....|....|.
c’5.5 555 56 565 57 575 58 585 = 5.9 05.5 555 56 565 57 575 58 58 59 °5~5 555 56 565 57 575 58
0
m (B% %) [GeV/c?] m (B% %) [GeV/c?] m (B %)
—— - o -
AR cut efficiency for AR < 0.2 AR cut efficiency for AR < 0.3 | AR cut efficiency for AR < 0.5
g g 3 4O
@ - (7] = [ =
g 2 o0of 2t
g [ 5 F B ook
5 0.8 5 0.8 = 0.9
o o TE 3
ER S o) c f
0.6 - 0.8
B 0.6 o
L 0.5F 0.7
04— = F
= 0.4 C
i E 06—
0.2— 0.35— F
r 0.2)- 0.5
"11111,55185;5 ‘.Hl..ul..Hl..Hsl_,...‘l...‘l...:"lsﬁ. N P R N T R, - e R
5.5 5.6 5.7 5. . . . X 2 ¥ 5.75 5.8
M(B_7), Gevic® M(B_7), Gevic® 5.6

585
[GeV/c?]

5.9

DO 10.4 fb™" Preliminary

)
= 5572
=

=<
=5570

5568

s MM, vs. A R cut
— No A R cut
No A R cut + 1o
No A R cut - 1o

5566

5564 —
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X(5568)—B . with semileptonic decays of the B, mesons

4 Alternative background parametrizations A

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

2 %1

2. Fyge(M) =M~ (1\1:12 - 1) x exp(C; - M), where M. is a B;x threshold.
thr

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

(1) (2) (3)

250 [~ ++ 250 |- ++ 250 [ ++
o ff % f# % ff
=200 - = 200 = 200
c tt 2 t't c 't
2150 5 2 150 , 2 150
.g DO preliminary, 10.4 fb z DO preliminary, 10.4 fb 2 DO preliminary, 10.4 &'
(9] (0] ()
& 100 ¢ DatA , 3 100 ¢ DamA , 3100 ¢ D
= Fit with background shape fixed = Fit with background shape fixed = Fit with smoothed MC
-------- Background I =======' Background C ======= Background
50H | e Signal 50 | e Signal 50 | e Signal
* & o RS 3
0IAll‘.]lll"'llllllJlllllIIIIAIAI[J]llIIII]I o....-’"]...“r.J.‘..I.‘..I...,I.\.‘l...xI....I 0L.....r"]|||‘l'lx-v-|--|||::..|....I....l....l
555 56 5.65 57 575 58 585 59 555 56 5.65 5.7 575 58 585 59 555 56 565 57 575 58 585 59
m (B% GeV/c® m (B m* GeV/c? m (B %) GeV/c?
Parametrization (1) Parametrization (2) Parametrization (3)
Fitted mass, MeV/cZ 5566.2“:i:f 5566.0f§:2 55641L‘;
Fitted width, MeV /c? a2 Bl 1
. . B B 5
Fitted number of signal events 11607, 1By L g
Local significance ¥ 4.70 3.90
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X(5568)—Brt with semileptonic decays of the B, mesons

Systematic uncertainties

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.T +58.0 ; —8.0
BY mass scale, MC and data 103 @ 0.5 +1.0 ;: —-14 175 08
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
Missing neutrino effect +1.0 ; —0.0 - -

Total +1.0 ; —1.0 +1.9 ; —4.6 +10.9 ; —31.5
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