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BESIII: a T-charm factory






A t-charm factory
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BESIII detector
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Completely new detector
Comparable performance to CLEO-c, + muon ID
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Unique BESIII data set
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large data sets of ~ 4o~ above 3.8 GeV for
+ 104 energy points between 3.85 and 4.59 GeV
+ ~ 20 energy points between 2.0 and 3.1 GeV

Direct production of 1=~ states studied
with world’s largest scan dataset
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ete” —» J/yntn at4.26 GeV
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BESIII, PRL 110, 252001 (2013)
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...have hundreds of events!

M(e*e) (GeV/c?)




J/l/J 7'1,'7L 1~ Dalitz p|Ot BESIII, PRL 110, 252001 (2013)

Events / 0.02 GeV/c?
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J/l[) 7'L'+ 1~ Dalitz p|Ot BESIII, PRL 110, 252001 (2013)

Events / 0.02 GeV/c?
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ete” —» J/yntn at4.26 GeV

Mass [ GeV/c?]
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BESIII, PRL 110, 252001 (2013)
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Charged charmonium-like structure

M = (3899.0 + 3.6 + 4.9) MeV/c?
T = (46 & 10 + 20) MeV

Confirmed by Belle PRL 110, 252002
and with CLEOc data PLB 727, 366

Close to DD* threshold
Interpretation?




Z+(3900)* at DD* threshold
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BESIII, PRL 112, 022001 (2014)
Decay mode Z;(3900) " — (DD*)*?




Z+(3900)* at DD* threshold
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BESIII, PRL 112, 022001 (2014)
Decay mode Z;(3900) " — (DD*)*?

Single tag analysis:

m reconstruct 'bachelor’ 7
and D° — K7t or
D~ = Krn

m require D* in missing mass

m vetoete™ — (D*D*)°

m apply kinematic fit; look in mass
recoiling against 7
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Z+(3900)* at DD* threshold
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Events / 4 MeV

BESIII, PRL 112, 022001 (2014)
Decay mode Z;(3900) " — (DD*)*?

ete™ — m+DOD*~ at BESIII

M = 3883.9 4 1.5 + 4.2 MeV/c?
I =248+33+11.0MeV
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...and BESIII sees structure in (DD*)*

Large systematics due to non-Z. signal
shape




Z+(3900)* at DD* threshold
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BESII

preliminary

New: Double tag analysis 1509.01398

m reconstruct 'bachelor’ 7™
and D%, D~
in 4 or 6 decay modes
m kinematic fit, requiring 7= from D*
in missing mass
essentially background-free D*
m improved statistics,
much better control over
background shape,
improved systematics

n Mrecoi\(n+) — M(DD*)
1) 1)
© /0
//‘/roﬂ'
D*

e
Ve

©




ete™ — 7T+(D5*)_ with double tags

Events/(4.0 MeV/c?)

Events/(4.0 MeV/c?)

Compatible with, but significantly more precise, than single-tag analysis
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Simultaneous fit with phase space shape + (BW @ R) x ¢

M = 3884.3+ 1.2+ 1.5MeV/c?
I =238+2.1+26MeV
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ete™ — m+(DD*)~ with double tags: Results

BESII

preliminary
1509.01398
BESIII single D tags BESIII double D tags
PRL 112, 022001 preliminary
Mooe| MeV/c?] 3883.9 & 1.5(stat) + 4.2(syst) 3884.3 4 1.2(stat) + 1.5(syst)
Tpole [ MeV] 24.8+3.3(stat) = 11.0(syst) 23.8 + 2.1(stat) £ 2.6(syst)
o x Blob] 4.23GeV 106.8 + 7.1(stat) & 9.5(syst)
P 4.26 GeV 83.5 - 6.6(stat) +22.0(syst) 88.0 £ 6.1(stat) + 7.9(syst)
ocxB=c(ete” — mtZ,(3885)T) x B(Z.(3885)T — (DD*)T)
J6lu
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Z+(3885)" Quantum numbers? BECSIT

0: angle between bachelor pion and beam axis in CMS preliminary
Know initial state is 1~, with J, = 41. Depending on J” of Z: 1509.01398
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0~ s andZ:(3885) in P-wave, with J, = +1

17 mand Z;(3885) in P-wave
1% 7 and Z;(3885) in S or D wave.

Assume D wave small near threshold:
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= dN/dcos b, « 1 —cos? 0,

= dN/dcosfy, o« 1+ cos? 0,

= dN/dcosf, o« 1

Efficiency corrected event yield
in 10 bins in | cos |

data clearly favour J© = 1+
for DD* structure

confirms J” for Z;(3885) from single-tags
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A neutral partner to the Z;(3900) "7 sesi, prL 115, 112008 015

If interpretation of Z,(3900) " as four-quark state is correct:
expect state completing isospin triplet, with decay Z.(3900)° — 7°%J/

jGlu
BESINews | W.Gradl | 15



A neutral partner to the Z;(3900) "7 sesi. prL 115, 112008 015

If interpretation of Z,(3900) " as four-quark state is correct:
expect state completing isospin triplet, with decay Z.(3900)° — 7°%J/

Study ete™ — n070J/yp with large data sets at three different /s
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Z:(3885)% inete™ — (DD*)°n®

Partial reconstruction technique:

1.
2. Reconstruct DT (D9 in one of five (three) hadronic decay modes

ete” > DD 7% - DD n°

ete™ = D°D*On0 — DOP° 7070

Reconstruct bachelor 70

3. Infer presence of D* by recoil mass

BESIIl News

W. Grad!
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Z:(3885)% inete™ — (DD*)°n®
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Simultaneous fit to both charge
combinations

in two large datasets at /s = 4.226
and 4.257 GeV

Significance > 100

Pole parameters of rel. BW:

M = (3885.73S(stat.) + 8.4(syst.)) MeV/c?
I = (3511} (stat.) + 15(syst.) MeV

R B(Z:(3885)° — DTD*")
" B(Z.(3885)0 — DOD+0)
=0.96+0.18+0.12

jGlu



ete” — hc(1 P) Tt BESII, PRL 111, 242001 (2013)

Exclusively reconstruct the process

ete” — 't he(1P)
he(1P) = 11c(1S)
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ete” = ho(1P)tr
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BESIII, PRL 111, 242001 (2013)
Exclusively reconstruct the process
ete” — 't he(1P)
he(1P) = v11c(1S)
7¢(1S) — 16 decay channels
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ete” = ho(1P)tr
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BESIII, PRL 111, 242001 (2013)
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Charged charmonium-like structure
close to D*D* threshold

M = 4022.9 + 0.8 + 2.7 MeV/c?
[=7.94+27+26MeV

Note: no significant signal for
Z;(3900)* — mthe seen!
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o++

BESIII, PRL 113, 212002 (2014)

Study ete~ — n°70h, at 4.23, 4.26,
4.36 GeV
Observe structure in he° mass
distribution:
Neutral partner to Z;(4020)*
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M = 4023.6 & 4.5 MeV/c?
T fixed in the fit

Isospin triplet found!




Yet another mass threshold ... BESIIl, PRL 112, 132001 (2014)
Z:(4020) sits at D*D* threshold
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Yet another mass threshold ... BESIIl, PRL 112, 132001 (2014)

Z:(4020) sits at D*D* threshold
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... and the neutral partner: Z,(4025)° BESIT

ete™ — (D*D*)°n°
— (DD 7® 4 (DD~ )n°
Use partial reconstruction technique:
m Reconstruct D, D, and bachelor 7°

m Infer presence of D* by selecting on
mass recoiling against D*7°
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0] 22? * Signal Region : ]
S . 4
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preliminary
507.02404
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Combine data sets at /s = 4.23, 4.26 GeV

Enhancement at threshold visible

No non-resonant process needed

Fit with BW & R, extract pole position

Mpole = (40255729 +3.1) MeV/c?
Tpole = (23.0 £ 6.0 £ 1.0) MeV

—
Q
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. and the neutral partner: Z.(4025)° BESIT

Comparison with the Z;(4025)T — (D*D*)*: preliminary
1507.02404

Mass [MeV/c? ] Width [MeV ] o(ete™ — Z.m — D*D*)[pb]

Z5(4025)"  4026.3+2.6+37 248456477 422+28+4.6
Z:(4025)%  40255%204+31  23.0+6.0+1.0 434480454

m Almost perfect agreement in resonance parameters
m and cross sections

m very small isospin violation?!

—
)
(=
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All the Z.s from BESIII near /s = 4.3GeV
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Nature of these states? Isospin triplets?

Different decay channels of the same states observed?
Other decay modes?
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Other decay modes?

Exploring new decay modes can help to identify nature of structures close to threshold

_/v/
- %
open charm hidden charm light mesons
threshold effects!

Decay modes with c¢¢ annihilation does not involve hidden or open charm final states!
If cC in S-wave, annihilation could be ‘easy’ ...

but theoretical predictions very difficult,
order-of-magnitude only
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Zc(3900)+ —S wrnt — (7T+7T_7TO) Tt BESIIl, PRD 92, 032009 (2015)

Vs = 4.230GeV Vs = 4.260GeV
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clete” = Ztn™,Zz} — wn) < 0.26pb olete” - Ztn,ZH - wnt) <0.18pb
Compared to sum of Z5 — J/pnt and Z+ — (DD*)*:

F(Zgr — wrc*) < 0.2%1"@
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ete — ;7J/1/) BESIII, PRD 91, 112005 (2015)
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": 40 F Good agreement,
1 o ¥ H_ significantly better precision
o200 Jf
2 i # ﬁH JDr ] ,
% of J[ i‘\' .[.+']'+-]- its Cross section peaks around 4.2 GeV
201 o 0
| T T B R B PR B Also searched for ete™ — m°J/y:
38 39 4 41 42 43 44 45 46

no significant signal found
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ete — ;7J/1/) vsete™ — 77j+7(_J/l/) BESIIl, PRD 91, 112005 (2015)
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Compare to eTe™ — g™ J/p from
Belle, PRL 110, 252002 (2013)

Very different line shape
= Different dynamics at work in

ete™ — yJ/y compared to
ete” =t J/p

jGlu



Search for Y (4140) — J/¢ ¢

8 4 S6
CDF first reported evidence for Casl Ei
Y (4140) = J/ppin BT — J/ppK™, £ N
also claimed by DO and CMS 25 §f

15 18 20 2‘2 “I 11 12 13 14 15
m(Jyo) (Gev’/c) AM (GeV/c?)

Not seen by LHCb, Belle (B decays and v events), CDF, PRL 102, 242002, (2009)
or BABAR

J/p ¢ system has C = +1: search in radiative transitions of charmonium or Y (4260)

If both Y'(4260) and Y (4140) are charmonium hybrids:

partial width of Y'(4260) — Y (4140) may be up to several tens of keV
N. Mahajan, PLB 679, 228 (2009)

)
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Search for Y(41 40) — J/l/] (P BESII, PRD 91, 032002 (2015)
Use BESIII’s large data samples from 4.23 — 4.36 GeV (2.47 o~ in total)
ete™ = yJ/ye
Jp —ete ,utu,

¢ — KK, KIK®, et m=n®
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Search for Y(41 40) — J/t/](l) BESII, PRD 91, 032002 (2015)

No significant signal found; place upper limits on
o(ete™ — Y (4140)) x B(Y(4140) — J/ip¢)

Compare sensitivity to eTe™ — X(3872) x B(X(3872) — J/prnt ™)

s/ GeV 4.23 4.26 4.36
o x B(X(3872))/pb  0.27+0.09 0.334+0.12 0.11+£0.09
o x B(Y(4140))/pb <0.35 <0.28 <0.33

Assuming B(Y (4140) — J/p$) ~ 30% and B(X(3872) — J/prtn~) ~ 5%:

N
ole*e” ﬁWMMO)J 01 at4.23,4.26 GeV

cleter — 1X(3872)

—
)
(=
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What have we learned?

At BESIII, together with Belle and CLEO:

m Close to DD* and D*D* thresholds:
charged charmonium-like structures decaying into 7z (cC)

m Close-by: structures in DD* and D*D*

m Prominently visible in data taken near /s = 4.26 - - - 4.36 GeV
where ‘supernumerary’ 1=~ states lie

m In each of the decay modes, also observe neutral partner
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What can we learn, and how?

m J” of the newly-discovered states?

m Other states, with other charmonia?
Yes! Z;(4430)" — (2S) ™ (first one, Belle & LHCD, in B decays)
Z:(4050) ", Z;(4250) " — xc17th, Belle, in B decays (not signif. in BABAR data)
(Belle does not see Z,(3900)* — J/yrt in B® — J/pntK™))

m Others? E.g. with 7, ...

m Other decay modes, e.g. into light hadrons?

m If we've seen isospin triplets, are there isoscalars to be found?
m Strangeness partners? (e.g. Y (2170) — ¢f5(980)7?)

Large experimental programme, which will define BESIII data taking in the next years
Suggestions include fine scan (AE ~ 100 MeV) with 05" per point
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