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Motivation

= Multiquark states beyond usual meson/baryon picture has been actively studied
in the past decade

o They either doesn't fit into the convectional quarkonium spectra with well-
predicted mass/width/quantum numbers

- X(3872), Y(4260), ..
o Or they are charged despite its quarkonium content
- Zc(3900), Z(4430), P, ...
= Many possible interpretations of their nature

tetr, AQuark
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Motivation

(it

Multiquark states beyond usual meson/baryon picture has been actively studied

in the past decade

o They either doesn't fit into the convectional quarkonium spectra with well-

predicted mass/width/quantum numbers
- X(3872), Y(4260), ..
o Or they are charged despite its quarkonium content
- Zc(3900), Z(4430), Pc, ..
Many possible interpretations of their nature

All such exotic states are observed in
hidden charm/bottom states ‘O
(ccqq, bbqq)

Doubly heavy hadrons like Tcc (cc qq)
will extend such picture, and help us
narrow down the options of their
multiquark nature

23 May 2018 11th FCPPL @ Marseille



Implication of doubly charmed baryons

« LHCb recently observed a doubly charmed baryon ZX* (ccu)

o Mass 3621.40 + 0.78 MeV PRL 119, 112001 (2017)
« Anticipated by quark model for long, first doubly heavy baryon to be
confirmed

o Belle had a try but didn't see it with current data
PRD 89, 052003 (2014)

= In the heavy quark limit the two heavy quarks (QQq) can be related to
analogous states with one heavy anti-quark (Qq)

= Along this line theoretical predictions have emerged for Tcc states based
on the Xicc baryon information (and indication on QQ di-quark system)

o Actually predictions for all sorts of QQgq: ccqq, bcqqg, bbqq ...
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Theoretical predictions

. . . . Vember > ‘Al'ﬁn,y,
= Various mass predictions for lowest lying J® = 1+ state:

Rosner, PRL 119, 202001 (2017))

« 3978 MeV, Q = 102 MeV for D*D*° (Eichten, Quigg, PRL 119,
202002 (2017))

« 3804 MeV (below DD* threshold), (Hyodo et al, PLB 721, 56 (2013))

= Production cross-section in B factory:

« 4714 fb (Hyodo et al, PLB 721, 56 (2013))

* => 710k Tcc produced, taking D decay Br and efficiencies
=> up to 7100 reconstructed in Belle | data

* Much more promising with 50 times more statistics in Belle Il
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Belle © KEKB

» 1 ab integrated luminosity, great success in flavour physics

— Belle Il @ SuperKEKB
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Belle |l detector

= Higher event rate; higher background; reduced forward boost...

require an updated detector!

KL and muon detector:
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Operation plan
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Search strategy for Tcc at Belle (II)

m

T, most promising (isospin 0)

« straight-forward to extended to T2, Tt

What final states? Depending on the Tcc mass

— DD* "Z:Z"

Y — DD or DDy (JP 1* doesn’t decay to DD)
A DD

DD*

ete™ - Tec X, in X (DD, DD*...) recoil
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Search strategy — which Ecm?

= In order to fully exploit the available
dataset, the main challenge is the true
double charm background from B decays

= The DD from B background behave
different from general combinatorial
background

» Should start with C.O.M. energy below
Y(4S) to better understand the
uds/charm background

*p
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Signal MC samples

= MC samples generated for various Tcc decay channel and mass assumption

» Each sample contains 1M events

« ete” > T, .DDX (X is a super wide state to allow more realistic kinematics)

Sample name

Decay

TccOS1ToDD
TeccO1ToDDst
Tecc02ToDDst
TceplToDDst!
Teep2ToDDst!
TecepS1ToDD
TcepplToDDst'
Tcepp2ToDDstf
TeeppS1ToDD

T°(3882) — DDV
T0(3882) — DOD*0, D0 —y D070
T°(3978) — D°D*, D* — D0

(
(
T+(3882) — D+ D*0(50%), D" D**(50%), D*® — D70, D*+ — D+x0
(
(

cc

)
T+ (3978) — DT D*°(50%). D°D**(50%). D** — D% D** — D*x°

T+(3882) — D+ D"
TH+(3882) — D+ D*+, D** — D+7"
T++(3978) — D+ D*+, D*+ — D*r0

T++(3882) — D+ D+
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Skimming

= Dedicated skim requiring at least two D(*) candidates in the events, largely
reducing the data samples to be processed

= Skimmed data include:
o Full 1/ab experimental data + generic MC (ee = qq, ee = cc)

Particle Cut
N (charged) > 3

K PID Lx/(Lk + La) > 06 D" =Kt (3.98%), K-t (14.80%), K~2r* 7 (8.06%)
> 1 SVD hits in r¢ and z plane _ ~ 0 _ 04
p PID £/ (Lx + L2) > 0.6 D" —K72r%(9.46%), K~ 2r %7 (6.14%), K n ™ (1.53%),
i = 1 5VD hits in r¢ and = planc Ksrn'(7.24%), K2rt ™ (3.05%), K" K~ 7*(0.996%),
T v KK mt°(2.62%)
mass window (115, 150) MeV T 4047
Plab > 150 MeV
K nisKsFinder, mass window +10 MeV

D’ Dt mass window 100 MeV
x2/ndf < 100 in vertex fit
N(D) >2
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Key components in place for analysis with Belle data

Preparation of MC and skim allows comparison of signal and various
backgrounds, and optimization of reconstruction and selection procedures

Aiming at setting an UL on its production with Belle data

Take Tcc — D*D° as an example (just to give a flavour)
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Summary and plans

= Search for exotic states in same-sign double charm final state is a new way to
pursue the nature of hadrons containing multiple quarks

= Promising at Belle Il if we believe theoretical predictions on its production,
intriguing to have a go with current Belle data

= The most likely would be Tcct search in DD* final state

= Background of continuum and true DD pair from BB should be treated
separately

= The simulation sample and skimming is in place
= Aiming at setting an UL on its production with Belle data
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