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1. Part I: Heavy baryon forward-backward asymmetries in pp collisions

Measurements of forward-backward production asymmeitnigso collisions are a legacy of
the Tevatron that test models of forward production.

In the coordinate system in which tlzeaxis is aligned with the proton beam direction we
define the rapidityy = 2In[(E + p,)/(E — p,)], wherep, is the A or A momentum component
in the z direction andE is its energy in thepp center of mass frame. Th& (A) is defined as
“forward" if its longitudinal momentum is in thp (p) direction. We obtain the numbelg (A) and
Na(A) (Ne (A) andNg(A)) of reconstructed\'s (A’s) in the “forward" and “backward” categories,
respectively, in bins ofy|. The forward-backward asymmetry is defined as

Aca(AA) = EF (A) = Ng(A) + Ne(A) — Na(AA) (1.1)
F(A) +Ns(A) +Ne(A) +Na(A)
The D@ detector is well suited to measure forward-backwayananetries because the initial state
is the CP eigenstatpp, and the solenoid and toroid magnetic fields can be reversaddically
allowing studies and cancellations of systematic unaeres. The measurements are based on
10.4 fb~! of pp collision data at,/s = 1.96 TeV collected by the DO experiment at the Fermilab

Tevatron collider.
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Figure 1: Left: Forward-backward asymmetrie!!spB(/\,K)_measured with three data sets: zero bias,
and data triggered od/y or y [1]. Right: Comparison of\/A production ratios inpp collisions with
[1—Ars(AA)] / [1+Ars(A,A\)] measured impp collisions (see references in [1]).

Figure 1 presents measurementsAeg(A,A\) in pp collisions, and compares these results
with K/A production ratios measured by sevepglcollision experiments. A summary of forward-
backward asymmetry measurements\o=", Q~, B™, and baryons containing aquark or ab
quark is presented in Fig. 2. Note the hierarchy of the fodamckward asymmetries of baryons
at a given rapidityy|: Arg(Hc,He) > Arg(A,A) > Arg(Hp, Hp) With Arg(Hp, Hp) consistent with
zero. H¢ are baryons containing@quark, andHy are baryons containingtaquark. In Fig. 2 the
H are prompt, i.e. excluddy, decays, and th& excludeH; andHy, decays. The forward-backward

asymmetry of\, is presented in Ref. [6].
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Figure 2: Left: Forward-backward asymmetry measurement§,&—, Q—, andB™ [1, 2, 3]. Right:Agg of
promptA, and of heavy baryons with@or b quark (from inclusive decayd. — pu+AX, andHp — g~ HcX
followed byH; — AX) [4].
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Figure 3: Left: Two A andA production mechanismso™ is forward, and 3" is central and symmetric in
rapidityy. Right: Their ratior = a /8 is a simple and universal function of “rapidity los&y =y, —y [5].

We conclude that a simple two componextproduction model (central productigh and
forward productiona) adequately represents all data, see Fig. 3 [5]. At smaitlitgdoss, the
presence of ther component depends on having a shared (di)quark betweentpeimg baryon
and the parent proton.

2. Part II: Confirmation of the exotic state X (5568 — BJrt in pp collisions

The D@ experiment has found evidence &sar™ resonance a¥l = 5568 MeV, slightly above
threshold [7]. See Fig. 4. THE was reconstructed in the hadronic channel

BS—J/we, Jy—ptu,  @-KK (2.1)
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TheBY is fully mixed so its quark anti-quark composition is undetimed. The non-zero width of
the resonance 24+ 6.4752 MeV implies a strong decay.
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Figure 4: Left: Invariant mass oK (5568 — B2rr™ with BY reconstructed in the hadronic chanB&l—
J/We. Right: Same with cone cdtR(BY, 1) = \/An2 +A¢? < 0.3 [7].

The interpretation of the resonance as a molecular st@;eae:olorlessf?g(bd_) loosely cou-
pled to a colorles& ™ (us), should have a mass closentB)) +m(K ™) = 5773 MeV, and therefore
is disfavored. A tightly bound tetraquark e.¢hd)(0), (bu)(5d), (su)(bd), or (sd)(b) has been
considered. See also Ref. [8] for a scalar-scalar diquatikiguark 0 state.
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Figure 5: Left: X(5568 — B2rrt with B? decaying in the semi-leptonic chan®dl— uTDI X, DE — o7it,
@ — K*TK~. Right: m(K*K~r%) for right signu® @ - showingD* andDZ meson decays, and wrong sign
combination [9].

This Bs7r* resonance is now confirmed wilg reconstructed in the semi-leptonic channel [9].

BY — uTDEX, DI — 1T, ®— KTK™. (2.2)

See Figs. 5, 6 and 7. The requiremer eV < m(u*Dg) < m(B2) reduces the,, contribution
to the mass resolution. The hadronic and semileptonic @&arrave independent events, signals,
backgrounds and triggers. A comparison of the two measureniepresented in Table 1.
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Figure 6: Weighting MC inpr () andpr (uDs) to fit data [9].
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Figure 7: Semileptonic channel (no cone cut is applied) [9].

Semileptonic Hadronic Hadronic
with cone cut no cone cut
Mass [MeV] 55667735+10 55678+2.9702 55678
width [MeV] 6.073519 219+6.4739 219
Events 139211199 133+314+15 106+ 23
Significance* 320 5.1o 3.90

Fraction®*  7.3728980 86+19+14%

Table 1: Comparison of measurements of g resonance withB? reconstructed in the hadronic and
semi-leptonic channels [9]. The combined semi-leptonit laadronic channel significance with (without)
hadronic channel cone cut is/w (4.70), including systematics and look-elsewhere-effect (LEB)ith
systematics, and LEE for the hadronic channel. ** FractibBbfrom X (5568).
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In conclusion, the D@ experiment has found evidence Bf&" resonance irpp collisions

with B? reconstructed in hadronic and semi-leptonic channelss figsonance has not been con-
firmed by LHCb or CMS inpp collisions.

References

[1] V.M. Abazov et al. (DO Collaboration), “Measurement betforward-backward asymmetry afand

A production inpp collisions”, Phys. Re\D 93, 032002 (2016), arXiv:1511.05113.

[2] V.M. Abazov et al. (DO Collaboration), “Measurement betforward-backward asymmetries in the

production of= andQ baryons inpp collisions" Phys. RewD 93, 112001 (2016), arXiv:1605.03513.

[3] V.M. Abazov et al. (DO Collaboration), “Measurement b&tforward-backward asymmetry in the

production ofB* in pp collisions at,/s = 1.96 TeV", Phys. Rev. Lett. 114, 051803 (2015),
arXiv:1411.3021.

[4] V.M. Abazov et al. (DO Collaboration), “Measurement bétforward-backward asymmetries of

[5]

baryons containing eor b quark inpp collisions at,/s= 1.96 TeV", conference note,
https://www-d0.fnal.gov/Run2Physics/WWW/resultsipnéB/B70/.

B. Hoeneisen, “Ratio between twoandA production mechanisms ipscattering"”, Phys. Lett. B
760, p. 242 (2016), arXiv:1604.05379.

[6] V.M. Abazov et al. (DO Collaboration), “Measurement bétforward-backward asymmetrykg and

Kg baryon production irpp collisions at,/s= 1.96 TeV", Phys. Re\D 91, 072008 (2015).
arXiv:1503.03917.

[7] V.M. Abazov et al. (DO Collaboration), “Evidence forBarr™ state", Phys. Rev. Lett. 117, 022003

(2016), arXiv:1602.07588.

[8] Jian-Rong Zhang, Jing-Lan Zou, Jin-Yun Wu,*@etraquark states from improved QCD sum rules:

delving intoX(5568", arXiv:1705.03741 (2017).

[9] V.M. Abazov et al. (DO Collaboration), “Confirmation dié¢X (5568 with semileptonic decays of the

B2 meson", conference note, https://www-d0.fnal.gov/Runaits/WWW/results/prelim/B/B68/.



