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Evidence for Bsp state, Bs → J/y f(1020)  

𝑿(𝟓𝟓𝟔𝟖) → 𝐁𝐬
𝟎 𝛑±,  

𝐁𝐬
𝟎 → 𝐉/𝛙𝛟 ,  𝐉/𝛙 → 𝛍+𝛍−, 𝛟 → 𝐊+𝐊−. 

Event reconstruction and selection 
 

D0 Run II integrated luminosity 10.4 fb-1 
 

pT(m) < 1.5 GeV/c;  
𝟐. 𝟗𝟐 < 𝐌 𝛍𝛍 < 𝟑. 𝟐𝟓 𝐆𝐞𝐕/𝐜𝟐; 

pT(K) > 0.7 GeV/c;  
1.012 < M(K+K-) < 1.03 GeV/c2 

5.303 < M(J/y K+K-) < 5.423 GeV/c2;  
 

𝐩𝐓 𝛑 > 𝟎. 𝟓 𝐆𝐞𝐕/𝐜; 

𝐩𝐓 𝐁𝐬
𝟎𝛑 > 𝟏𝟎 𝐆𝐞𝐕/𝐜; 

 

𝚫𝐑 = 𝚫𝛗𝟐 + 𝚫𝛈𝟐 < 𝟎. 𝟑, the “cone” 

cut between Bs and p. 
 

M(Bsp) = M(J/yfp) – M(J/yf) +M(Bs), 
where M(Bs) = 5.3667 GeV/c2 

 

5.5 < M(Bsp) < 5.9 GeV/c2 

M = 5363.3 ± 0.6 MeV/c2; 
s  = 31.6 ± 0.6 MeV/c2; 
N = 5582 ± 100; 

 



Evidence for Bsp state, Bs → J/y f(1020)  
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Points – sidebands, 
Histogram – Bs MC 

Background:  
a.) Real BS – modeled by MC; b.) non-BS (combinatorial) – taken from BS 
sidebands (data). Both have a similar shape and were combined in right 

proportion. 
 

Background parametrization: 
(c1+c2·m2+c3·m3+c4·m4)×Exp(c5+c6·m+c7·m2) , where m = M – 5.5 GeV/c2. 

Signal: Relativistic S-wave Breit-
Wigner convoluted with Gaussian 

resolution s = 3.8 MeV/с2. 

Fitting function: 
NX · Fsig(m,MX,ГX) + fbkg · Fbkg(m) , 

with free NX, MX, ГX, fbkg. 



Evidence for Bsp state, Bs → J/y f(1020)  
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V.M. Abazov et al (D0 Collaboration), Phys. Rev. Lett. 117, 022003 (2016) 

X(5568) 
 

𝐌 = 𝟓𝟓𝟔𝟕. 𝟖 ± 𝟐. 𝟗 𝐬𝐭𝐚𝐭 −𝟏.𝟗
+𝟎.𝟗 𝐬𝐲𝐬𝐭 MeV/c2 

 

𝚪 = 𝟐𝟏. 𝟗 ± 𝟔. 𝟒 𝐬𝐭𝐚𝐭 −𝟐.𝟓
+𝟓.𝟎 𝐬𝐲𝐬𝐭 MeV/c2 

 

r(X(5568)/Bs) = 8.6 ± 1.9(stat) ± 1.4(syst)% 

Statistical significance (with systematics 
and LEE) 

 

With DR= 𝚫𝛈 + 𝚫𝛟 < 0.3 cut: 5.1s 

Without DR cut: 3.9s 
 

Not seen by LHCb and CMS in pp 
collisions at 7 and 8 TeV/c2. 

DR cut 

No DR cut 
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X(5568)→Bsp with semileptonic decays of the Bs mesons   

Event reconstruction and selection 
 

D0 Run II integrated luminosity 10.4 fb-1 
 

3 < pT(m) < 25 GeV/c; pT(K) > 1 GeV/c; 
1.012 < M(KK) < 1.03 GeV/c2 

4.5 < M(Dsm) < M(Bs); pT(Dsm) > 10 GeV/c 
 

M(Bsp) = M(Dsmp) – M(Dsm) + M(Bs), 
where M(Bs) = 5.3667 GeV/c2 

 

5.506 < M(Bsp) < 5.906 GeV/c2 

X(5568) → Bs p,  Bs → Ds m Xany,  Ds → f(1020) p 

Good mass resolution 
even in presence of 

missing neutrino 
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X(5568)→Bsp with semileptonic decays of the Bs mesons   

Background parametrization 
 

Background distribution is obtained 
from MC and reweighted to data. 

 

Fbgr(m)=(C1·m+C2·m2+C3·m3+C4·m4)× 
exp(C5·m+C6·m2), where m=M-Mthr 

 

Several alternative parametrizations of the 
background were used  to model the 

background for background shape 
systematics estimation. 

Fit to data 
 

Ffit(m,Mx,ГX)=fbgr·Fbgr(m)+fsig·Fsig(m,Mx,ГX) 
 

where Fsig(m,Mx,ГX) - S-wave BW function 
convoluted with resolution (including 

missing neutrino effect), fbgr, fsig  - 
normalization coefficients. 

 

𝐌𝐱 = 𝟓𝟓𝟔𝟔. 𝟕−𝟑.𝟒
+𝟑.𝟔 MeV/c2 

𝚪𝐱 = 𝟔. 𝟎−𝟔.𝟎
+𝟗.𝟓 MeV/c2 , 𝐍𝐞𝐯 = 𝟏𝟑𝟗−𝟔𝟑

+𝟓𝟏 
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X(5568)→Bsp with semileptonic decays of the Bs mesons   

Comparison with hadronic channel 

Systematic uncertainties 
 

Background shape description, background 
reweighting, Bs mass scale (MC and data), 
detector resolution and missing neutrino 

effect, P-wave Breit-Wigner. 

Local statistical significance 
 

−𝟐 ∙ 𝐥𝐧
𝓛𝟎

𝓛𝐦𝐚𝐱
  

 

4.5s from the fit, 3.2s with the 
systematic uncertainties. 

Results in semileptonic channel are compatible with those in hadronic 
channel within uncertainties. 
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X(5568)→Bsp with semileptonic decays of the Bs mesons   

Production ratio of X(5568) to Bs 
 

Calculated by fitting M(fp) distributions in the 
opposite sign and same sign Ds m samples. 

 

r(X(5568)/Bs) = 𝟕. 𝟑−𝟐.𝟒
+𝟐.𝟖 𝐬𝐭𝐚𝐭 −𝟏.𝟕

+𝟎.𝟔(𝐬𝐲𝐬𝐭)% 
 

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

Combined significance 
 

pcomb = psl · phad · [1 – ln(psl · phad )],  
 

pcomb = 5.6 · 10-9 (1.1 · 10-6 without DR cut) which corresponds to combined significance 

5.7s (4.7s without DR cut) 
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Search for exotic baryons decaying to J/y L   

Event reconstruction 
 

D0 Run II integrated luminosity 10.4 fb-1 
 

pT(m) > 1 GeV/c; pT(mm) > 4 GeV/c  
2.92 < M(mm) < 3.25 GeV/c2 

pT(L) > 0.7 GeV/c 
1.110 < M(L) < 1.122 GeV/c2  

pT(p) > 0.15 GeV/c 
 

Non-prompt: J/y decay length 
significance in the transverse plane is 
greater than 3 and L decay vertex is 

closer to J/y decay vertex than to the 
primary vertex. 

• Observation of two J/y p states named Pc  around 4380 MeV/c2 and 4450 MeV/c2  
in Lb→ J/y 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 J/y p threshold. 

 

Search in the M(J/y L), where J/y→mm, L→pp-.  
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Search for exotic baryons decaying to J/y L   

Lb→J/yL 

Search procedure 
 

Binned maximum likelihood fits to the distribution of the J/y L invariant 
mass in the range from the J/y L threshold to 4.7 GeV/c2. 

 

Ffit(M,Mx,Гx)=fbgr·Fbgr(M)+fsig·Fsig(M,Mx,sx), 
 

where Fsig(M,Mx,sx) - Gaussian function with Mx, sx;  fbgr, fsig  - 
normalization coefficients. 

𝐅𝐛𝐠𝐫 𝐌 ∝ 𝐌 ∙ (𝐌𝟐 𝐌𝐭𝐡𝐫
𝟐 − 𝟏)𝐜𝟏 ∙ 𝐞−𝐜𝟐𝐌 ∙ (𝟏 − 𝐞− 𝐌−𝐌𝐭𝐡𝐫 𝐛 ), 

where Mthr is the J/y L threshold 

Prompt Non-prompt 
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Search for exotic baryons decaying to J/y L   

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 is defined as −𝟐 ∙ 𝐥𝐧 (𝓛𝟎 𝓛𝐦𝐚𝐱)  . The highest local significance of 
3.45s occurs at M = 4.32 GeV/c2. If LEE (computed in the same 500 MeV interval)  

is taken into account it leads to the global significance of 2.8s. 

No evidence for new baryons decaying to J/y L 



Conclusion 

 X(5568)→ Bsp, Bs → J/yf(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 5.1s with DR<0.3 cut and 3.9s without it.  

V.M. Abazov et al (D0 Collaboration), Phys. Rev. Lett. 117, 022003 (2016) 
 

 X(5568)→ Bsp, Bs → Dsm X. There is an excess of events in the data 
consistent with the decay X(5568) → Bsp, Bs → J/y f. The mass, natural 
width and production rates in the semileptonic and hadronic channels are 
consistent. Combined significance for semileptonic and hadronic channels is 
5.7s. 

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

 Search for exotic baryons → J/y L. In the mass range between threshold 
and 4.7 GeV/c2 no evidence for new baryons decaying to J/y L have been 
found, the most significant deviation from background-only hypothesis is 
seen at M(J/y L)= 4.32 GeV/c2 with a global significance (including LEE) 
2.8s. 

https://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/B/B69/ 
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Backup slides 
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Evidence for Bsp state, Bs → J/y f(1020)  
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Evidence for Bsp state, Bs → J/y f(1020)  
DR<0.2 DR<0.3 DR<0.5 
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X(5568)→Bsp with semileptonic decays of the Bs mesons   

Alternative background parametrizations 
 

1. Fbgr(M)=(C1+C2·m
2 +C3·m3+C4·m4)×exp(C5·m+C6·m2), where m=M-D, D=5.5 GeV/c2. 

2. 𝐅𝐛𝐠𝐫 𝐌 = 𝐌 ∙
𝐌𝟐

𝐌𝐭𝐡𝐫
𝟐 − 𝟏

𝐂𝟏
× 𝐞𝐱𝐩 𝐂𝟐 ∙ 𝐌 , where Mthr is a Bsp threshold. 

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

(1) (2) (3) 
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X(5568)→Bsp with semileptonic decays of the Bs mesons   

Systematic uncertainties 


