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Motivation

To look for different charmonium-like states
(conventional and exotic) in pplbar annihilation to obtain
complementary results to the ones from e+e- and pp
collisions

7-Dec-2016 M. Barabanov



Mass (GeVied)

Motivation

S.L.Olsen
arXiv 1411.7738

] - PP | * Below the open charm threshold the
. o (e | spectrum  well understood
— very good agreement between

predicted and discovered states
* Above the threshold the situation in

4.6

=i more complex
— only few of the predicted states have
| Moy been found

— inthe last decades many new states
have been observed with properties

:l 2Mp that are not consistent with
ati). expectations for charmonium: X, ¥, Z

3.6 =
2% | X states:

| PO L . . .
*» charmonium-like states with JF¢ = 1

3.4 -
= Observed in B decays, pp and pp collisions

Established oF states Y states:

3.2 Predicted, undiscovered * charmonium-like states with JFt =1
*  QObserved in direct e + e - annihilation or in

R

Z states:
3.0 | 'St |
R——— : : +  Must contain at least a cc and a light qq
0 i 1 o+ 3+ 2+ :
e pair

Fig. 14 The spectrum of charmonium and charmoniumlike mesons

7-Dec-2016 M. Barabanov 3



Motivation

THE SPECTRUM OF SINGLET (1S,) AND TRIPLET (3S,) STATES OF CHARMONIUM
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Motivation

THE SPECTRUM OF SINGLET (*P,) AND TRIPLET (3P,) STATES OF CHARMONIUM
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THE SPECTRUM OF TETRAQUARKS WITH THE HIDDEN CHARM
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Outline

1. Software used.

2. Decay X(3872) — D+D- — (Knr)?.
3. Decay X(3872) — DOantiDO— (Kx)?.
4. Yield considerations.

5. Background estimates.

6. Summary and outlook.
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Software used

* FairSoft may16pl

* FairRoot v-16.06

* PandaRoot trunk 29531 (updated on 6/10/2016)
1. EvtGen and DPM generators

2. prod/prod_sim.C, prod/prod_aod.C (for simulation & reconstruction)

3. Rho analysis package (for applying cuts and reconstructing M inv)
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Generated events

noPhotos

Decay pbarpSystem
1.0 D+ D- PHSP;
Enddecay

Decay D+

1.0 K- pi+ pi+ D _DALITZ;
Enddecay
Decay D-

1.0 K+ pi-pi- D DALITZ,
Enddecay
End

10k events
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noPhotos

Decay pbarpSystem
1.0 DO anti-DO  PHSP;
Enddecay

Decay DO
1.0 K-pi+ PHSP;
Enddecay

Decay anti-DO

1.0 K+ pi- PHSP;
Enddecay
End

10k events



X(3872) — D+D-

D+ —» K-t+wt+ and D- — K+n-wt- Invariant mass
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Entries / 15 MeV/c?

X(3872) — D+D-
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X(3872) — D+D-

D+ — K-w+n+ and D- — K+n-1t- (tight K)

we can try reduce more background and apply PID for kaons
require tight ID with combination of algorithms and detectors

theAnalysis->FillList(kplus, "KaonTightPlus", "PidAlgoDisc;PidAlgoStt;PidAlgoDrc");

theAnalysis->FillList(kminus, "KaonTightMinus* ,"PidAlgoDisc;PidAlgoStt;PidAlgoDrc");

PID need or no at this stage — is not clear, it should be looked later with full background;

Entries / 15 MeV/c?
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Entries / 25 MeV/c?

80¢ [ X(3872) mass (tight K) |
70 ; '|
60 ; L hpsim_all
E Entries 185
50 - Mean 3.869
40: RMS : 0.044?3.2
= hpsim_nm
300 Entries 11
= Mean 3.888
20EF RMS 0.09803 |
10 Al

%3732 34 3.6 3.8

M.Barabanov

4 42 44 46 48 5

M,,,., GeV/c?

12



X(3872) — DOantiDO

DO — K-+ and antiDO — K+7- Invariant mass
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Entries / 25 MeV/c?

X(3872) — DOantiDO
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X(3872) yield considerations

Cross-section X(3872) = 100 nb [1]

From Pythia8:

Br y(3770) — D+D-: 42.43%

— DOantiDO:  57.23%

— J/yY mtm-: 0.34%
Br X(3872) — J/y ntn-: 5% [1] efficiency: ~10% [1]
Br X(3872) — D+D-: 40.45% efficiency: 5.6%

— DOantiDO:  54.55% efficiency: 24.5%
Br D+- — Krnr: 9.40%
Br DO — K 3.83%

“Visible” cross-sections (I.e taking into account branches and efficiencies):
X(3872) = J/y mtma-: 100 *0.05 *0.06 *0.10 = 0.030 nb (1 decay mode)
X(3872) — D+D-: 100 *0.4045 *0.094 * 0.094 * 0.056 = 0.020 nb
X(3872) — DOantiDO: 100 * 0.5455 * 0.038 * 0.038 * 0.245 = 0.019 nb
Totally D+D- & DOantiDO decays give a comparable contribution as J/vy w+x-

1] K.Gaetzen et al, “Simulation Study of the Width_and Line Shape of the X(3872)”
(] O‘?—Bec-%lG y IgmBara anov P ( ) 15



DPM background estimates

To evaluate background we need to

look general background which can be

simulated in DPM. 170k filtered events -
equivalent of ~1 mil.

Sig_inelastic approx 46 mb ->

1million events was produced

Generator-level filter of inelastic DPM
(available in PANDA Root):

, 1.2r [X(3872) mass (all)|
> -
DO0antiDO: 1) >= 4 charged patrticles; 2) ué': hE
K-pi+ inv. mass combinations (1.5-2.2 N o3 e T
GeV) >= 1; 3) K+pi- inv. mass 2 T Mesn  3.863
combinations (1.5-2.2 GeV) >= 1: E 09
rejection factor ~ 6. 0.4
D+D-: 1) >= 6 charged particles; 2) 0.2-
K-pi+pi+ inv. mass combinations R R Y ¥ T wr o mr vy Sy
(1.5-2.2 GeV) >= 1; 3) K+pi-pi- inv. e eaEe s " Moo, GEV/C?

mass combinations (1.5-2.2 GeV) >=
1: rejection factor ~ 7.
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Summary and outlook

1. X(3872) decays to D+D- (D goes to Knr): efficiency 5.6%

2. X(3872) decays to DOantiD (D goes to Kn): efficiency 24.5%

3. Combined yield from both modes ~ yield from J/ynr mode

4. DPM background — low statistics & we need much more events

5. What else? - Suggestions are welcome.
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