CneKkTpockonusa o4apoBaHHbIX
Me30HOB N 6apuOHOB

A.Kuzmin
BINP/NSU

% Novosibirsk
State
University

*THE REAL SCIENCE

BINP 2017, December 19



Open charm spectroscopy

-Heavy and light quark system — strong interacting «atom»

-Can be described in different models:
HQET, relativized quark model etc.



What can be studied

-Spectroscopy
-Production cross section, formfactors
-Decay modes

-Fragmentation study



Excited states

-In infinite heavy quark mass limit
meson property is characterized by

light quark wave function ‘ I S, ;'_; +
J=i, +8

«good» quantum numbers ’

J - light quark total momentum
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J — total momentum of meson
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For finite mass of c-quark observed
states is quantum mixture of states
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Predicted excited stetes
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Recently observed excited stetes

State J" Observed Decays Mass (MeV) Width (MeV) References
D,;[Qﬁﬁﬁ}[] 0= D'7x 25304 +£45+£68 130+£12+13 BaBar
D,;[QSSU}U DY 25705 +344+ 35 1775+ 17.8 £46.0 LHCH
D5(2600)" D n™ 2608.7+244+25 93+6+£13 BaBar
(= D a )/T(— D" ) =032+ 0.02 £ 0.09 BaBar
D (2650)" D7 2649.24+354+£35 1402+ 171+ 186 LHCh
D.:[QTF}U}[] DY 27524 +1.74+27 TI+6+11 BaBar
D,;[QTfiﬁ}” P 27T3T0£35+£11.2 732 £ 13.4 £ 250 LHCb [11]
DY (2760)° DT 27611 +£5.1+ 65 T44+ 3.4+ 37.0 LHCb [11]
D7g— 27601 £1.1 £ 37 T44+3.4+£10.1 LHCb [11]
D7 2763.3+23+23 60O9+5.1+36 BaBar [2]
= D7a™)/T(—= D7) =042 £ 0.05 £ 0.11 BaBar 2]
DY(2760)F  D°nt 27TLT £1.7+ 3.8 66.7 + 6.6+ 10.5 LHCb [11]
Dy(2760)" 1- DT a— 2781 £ 18 +114+£6 177£32£20£7 LHCh
D3(2760)" 3= Dn~ 2798+ T+ 1+7 105+18+6+23 LHCb [10]“
D;(3000)" D7 2971.8 £ 8.7 188.1 £+ 44.8 LHCh
D’(3000)° DF 3008.1 4+ 4.0 1105+ 11.5 LHCb
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B —D's g

Resonance Fit fraction (%) S
D; (2460)° 35.69 +0.62 + 1.37 £ 0.89 2
D; (2680)° 8.32+0.62+0.69+1.79 §
D;(2760)° 1.01 £0.13+0.13+0.25 3
D3 (3000)° 0.23 +0.07 +0.07 + 0.08 =
D;(2007)° 10.79 £ 068 £0.74 £2.34 £
B; 269 +1.01+143+161 ©
Total S-wave 56.96 +0.78 + 0.62 + 0.87

Resonance parameters (MeV)

0’5{2460}“ m=2463.7 4+ 04 +£ 0.4+ 0.6
[=4704+08+09 +0.3 o B
D?I“{2BBD}'3' m=2681.1+56 +49+13.1 E
[=186.7 + 85+ 86 +82 2 C
D;(2760)° m=27755+45+45+47 < 10°F
[=953+4+96+7.9 4+ 33.1 = n
D;{SDDD}“ m=23214+29 + 33 + 36 E ;
[ =186 + 38 + 34 + 63 EI: —h— g At
First observations of D;(2760)°, D3(3000)° W P N AN |
® Parameters of D;(2760)° with D;;(2760) B T R

4.5 k]
observed in inclusive analysis. m(D*7),, [GeV]



D;(2317) — D}»" D/ (2460) — D} n"

=0

Cuekrpockonusi Dy .

= 3508 ESrig
2ot 5
2250} o f
Sa00t Z 6ok H y‘
150 gt 1
100+ 5 *‘J Iﬂﬁu
50t M 2{1:‘
[ Dorostota ettt blisimea e e
Gi 82 63 04 05 06 b s i o ae
MiDs =" - M{Ds)  (GeWic?) MD=" =% - M{Ds*) (GeVie®)
P-wave multiplet i e
f I, = '
22 — - seee— —
s : 2.B~
r _at ] i —— .
i - 3 i
Salalea 0 Ll -
JF ¥ l+ 2.5'__ iR m |
: i — i DK
2.4 =
2%2x3 - 7 “DK
siates 2 2 el
2-2__ —— Godfrey/Isqur (1385) ]
i e wueree: Di Piarro/Eichten (2001) | |
1 | @ Observed A
ﬂ ...... 2 @ Newly Discovered =
Spin-Orbit Tensor Force L == =

F=0 v 0 1 2*

Figures: Courtesy of David Williams

Oxxupanocs 4yro cocroguus j = 1/2 umeror maccy M > M) + Mk n
00JILIIIY IO LHPIpHHy.(ZZO MeV)



Production

-Inclusive production

-Production and study of exclusive states DD7, D*D7, D*D*7, D K...



Inclusive production

-Larger statistic

-study of spectroscopy and decay of narrow states
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-study of fragmentation
and polarization of produced states
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Exclusive states production

ete- - D'Dn’, D'D T’ D'Dn’

Cross section of efe = D'D* "
Cross section of ete > D°D—r*
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e+e- - DD r*, DD’ DD’

Exclusive states production

-Coherent state: 2 Dalitz variables+0,y

Preliminary results of Belle 0.67 ab™
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What to study at ct factory

-D** spectroscopy — hard competition with B-factory and LHCb
-Study of decay modes with ©t’,y (advantage against LHCDb)
-Detailed study of exclusive D(*)D(*)T modes

-Fragmentation, formfactors...



Charm barlons

ZjJr = QUL Z+ = gdc, ZE = ddc,

= e -0 . 0
. = usc, =_= d5é,; .QL_ = §5C

3 spin-1/2 QF-assymetric states (A* _,="°_ )
6 spin-1/2 QF-symmetric states (Z_**°, =' *, Q° ),
6 spin-3/2 symmetric states (Z***° , = *+’°c ,y Q)

All 15 states were observed. There are 63 P-vawe
exitations.

Double charm barions:
3spin'. =+ QF

cc,

3 spin 3[2 =™ Q*

cc

Triple charm Q***

CcccC



Charm barions

Single heavy baryons

N,Aﬁ... iy T o —

o——>0 O—>0
A modes get lowered,

A and should appear
in low energy excitations
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Y o Next figure



Charm barion spectroscopy
Quark Model Calculations

Yoshida, Hiyama, Hosaka, Oka, Phys Rev. D92 (2015) no.11, 114029
2 2 2 2
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Charm barion spectroscopy

GeV Yoshida, Hiyama, Hosaka, Oka, Phys Rev. D92 (2015) no.11, 114029
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Charm barions formfactors
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e+e- —>AC+AC'
For 1 ab! at threshold

2x103

Inclusive A_production at Belle IT 50 ab™
2x10°

: N AI’lSZﬂ}. ......................................... .
3 i : \#A{H"U] Z (24"!5)
j | R e T e b L
-4
10 |

1 12 14 16 18 2 22 24 26 28 3
Mass (GeV)



* LHCb study the =1 K ~invariant mass spectrum
m(ESKT) = m([pK "]z K7) = m([pK ™7 ]2) + sy

LHCb-PAPER-2017-002

R e

- Z1 candidates reconstructed in the pK_ﬂ'+ final state
- 3.3 fb~ ! data sample (Run 1 + 2015)

LHCb

LHCb has huge power to

Candidates / (1 MeV)
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study charm barions
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What to study at ct factory

-Spectroscopy of charm barions — hard competition
with B-factory and LHCb

-Decay modes with t° advantage against LHCb

-Production crossection and probability of charmonium decay

-Formfactors study (higher energy is desirable)



Summary
-Open charm physics has many interesting topics to study

-Even after work of LHCDb and Belle II charm factory has many
interesting tasks:

-study of cross section of charm hadrons production
-study of the charmonia decays to open charm hadrons
-study of barions formfactor

-detailed study of exclusive D(*)D(*)t modes
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