Highlights and perspectives
of hadron spectroscopy at e+e-

colliders
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. Physics at e+e- colliders

. BESIII experiment

. Charmoniumlike XYZ states

. Decays J/Psi -> hyperon antihyperon

SRR
(Bl
| :_-w AARETEC
\rtei
S

UPPSALA Warszawa, 2017-05-22 NCBJ

UNIVERSITET




e+e- colliders
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e+e- colliders
hadrons

10 |
3 ¥ |¢ Jip i
0 | #(25) E
S * 7 -
10 Ea ]

=) 5 ; 3 '%LW\\\‘\ ﬂ .
ENE b
E - v i1 .

o[ BEPC|| m— L
10 F ~ | ]
. DA®NE \\\*/

! = o = \/rf;

ISR hadrons

10 =
. | VEPP 2000
° 1 10 102
Vs [GeV]

e+e- colliders in operation: =, \\_

BEPCITI L= 1033 cm-2s-! at ¥(3.77) BESIII

DA®NE L= 21032 cmislat ® KLOE-2 e+ l/ /
n nc XCI
VEPP2000 L= 1032 cm3s!lat 2GeV CMD-3,SND L
€e- soon?...




Beijing e+e- collider

1973 China decided to build a 50-GeV proton accelerator
1979 US-China Agreement on Cooperation in Science and
Technology

1981 T.D. Lee and W.K.H. Panofsky suggest e+e- collider
1984 BEPC project approved

1988 First collisions in BEPC / BESI experiment

2003 BEPCII approved

2008 BEPCII/BESIII First hadron events recorded
2013 Charged charmoniumlike states

Annu. Rev. Nucl. Part. Sci. 2016. 66:143
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BESIII Detector

Drift Chamber (MDC)
oP/P = 0.5%(1GeV)
o(dE/dx) = 6%

. Superconducting
- qgne'r (1 .0 TCS'G)

Time Of Flight
(TOF)
o(t) : 90 ps Barrel
110 ps endcap

~ uCounter

EMC: 8- 9 layers RPC
(CsI)  o,(em) = 0.5 - 0.7 em/VE o021 4 - 1.7 em




BESIII Collaboration

Groups from China (34 inst.), EU(13 inst.), US(5 inst.)
e.g.. Germany, I'taly, US, Nederlands, Russia, Sweden

158 publications since 2010 (ca 20/year)
Uppsala University joined BESIIT 2012:

* hyperon FF [K.Schonning, T. Johansson]
* n' decays (from J/y -- 6100 n’)

* ete- >N -
BES Citations per Year
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* hyperon decay parameters in $ oo M
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X(3872)

Motivation: search for predicted missing narrow tensor charmonium
state W,(13D,) J¢ = 2—- PRL 89, 162002 (2002)

b e @ QY 2t Jy??
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0 :' JM
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M(r* JAy)-M(J/y)

* very narrow (< 1.2 MeV)
* Mass 3871.69+0.17 MeV close to D*;D, threshold (~3871.8 MeV)

.JPC = 1+ (LHCb) PRL110,222001 (2013)

a loosely bound D D+ "molecular state,” ?
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PRL 95, 142001 (2005) 671 citations

Y states: JP¢=1- (could be directly produced in e+e- colliders)

N4260) observed in m+n-J/y system (BaBar)

confirmed by CLEOc and Belle.

Y(4260)

e+re- 2 m+n-J/¥Y (ISR) BaBar: (2005).
s B B B B B B BB
B v si n LU RN - E BaBar:
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Exotic properties:

* Not expected cC state - already too many states

« Strongly coupled to TmJAy
» Open charm decays suppressed

1 M(J/yrn) of w(25)
7 with J/vy constraint

is well described by

Cauchy shape funct.
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PRL 112 092001 (‘'14) M = (3871.9+0.7+0.2) MeV, <2.4 MeV,
=> Y(4260) -> X(3872)y transition

YISR

C
3
C

F[X(3872)->ee] B(X(3872)-> m+m-J/y )< 0.13 eV 90% CL

MX(3872)->ee] 0.03eV VMD
quarkonium 0.044 eV- 0.46 eV

BESIII PLB749 ('15) 414:




e*e >n*nJ/y at BESIII
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e*e>w*n h (1P) at BESIII
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More channels

X(4230)
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e‘e- — w'wJ/y at Y(4260) peak
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Z.*0 states at BESIII
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Summary XYZ New structures:

Y(4260) Zc
Yc
Transitions: . / \v
Z.*(3900)
X(3872)

Perspectives: BESIIT more data Bottomonium-like structures ->
BelleII BelleII LHCb

Nature ?
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Picture: S.Godfrey, S.L.Olsen Ann.Rev.Part.Sci. 58,51 hip:/aww.wired.com/2014/09/tetraquark-quantum-feud/




What about strangeonium system?...
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e+e- ->J/y-> hyperon anti-hyperon

Use spin entanglement and polarization to extract hyperon
decay parameters and test CP for baryons

Revise assumption that hyperons from decays are unpolarized
Goran Faldt, AK arXiv:1702.07288

et N, A

D A



Foundations of Physics, Vol. 11, Nvs. 1/2, 1981

Suggestion for Einstein—-Podolsky-Rosen Experiments
Using Reactions Like e*e™ — AA - mpm'p

. . . ., polarimeters .
Nils A. Torngvist! s N

{

»

"‘
S ey 6

weak decay (parityviolation)

a
\ ’f \‘ /
P p
------ —— [~
A A

THE DECAY J /¢y — AA — « pn*p AS AN EINSTEIN-PODOLSKY-ROSEN EXPERIMENT

7

Nils A. TORNQVIST Physics Letters A117(1986)1

Background picture: R. Bertimann



Formalism for ete > vy* > /W > YY

e~ (k1) A(p1), Yi[3]
Special case of a well established 7/
formalism for baryon FFs D~z
Goran Faldt (Uppsala U.), et (k) A(ps), Ya[3]
EPJ A51 (2015) 74; EPJ] A52 (2016)141
Goran Faldt, AK arXiv:1702.07288
T 2M o
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Y polarization in e+e-
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efe™ >y > J/U - AA
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Single tag decay distributions

dl’
Teostd & (1 + vy cos?0) {1+ vy Pa(6) sind sin ¢ }
A - pT[_: ‘Q‘l = (COS 81,¢1) ap =

proton direction: spherical coord

in A rest frame ) —
X AZ Use max log likelihood

(61, 91) to fit (6,6,,¢,)

=> Oy a1 sin(Ad)




Double tag decay distribution
ete” - (A-> pn ) (A - prt)

EP] A52 (2016)141

do o< W(&) dcos 6 dQ1d2s arXiv:1702.07288
A — PT : .Q.l — (C0591;¢1) apy = o4
A - ﬁT[-I_: = (COS 02 :sz) axy = 0y

§:(cosB,Q4,0,)
W(E) =1+ oy cos26 Spin corr

Hog oo (7‘1 (&) + \/1 — a2 cos(AP)T2(E) + aw%(ﬁ))

-|-\/1 — o2 sin(AP) sin b cos 6 (o sin 0 sin ¢ + g sin B sin @)

Background picture: R. Bertimann



LOOKING AT CP INVARIANCE AND QUANTUM MECHANICS IN J/y+AA DECAY
DM2 Coll. (1988) Phys. Lett. B 212, 523

WPE(€) =1+ aypGi(€) + anaz Ga(€) + ayparas G3(€)

L + a, [ apn + aA]
BES, Phys.Rev. D81 (2010) 012003 a, — a, an — ax
n:r‘;il[fi — par') A
DM?2 —0.63 *+ (.13 0.01 = 0.10 1847 AA
BES —0.755 = 0.083 = 0.063 —0.081 = 0.055 = 0.059 8997 events

X
—
c

A — 0.642 = 0.013 PDG >1000

800

* Only two parameters: (W-WE)/W

ay, Q- ay
* A unpolarized 0
« WEBand W differs even for A2=0

600

a =0.469
o, =-0,=0.642
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II][III[II][II][II][I

T BT T I TS . R
04 0.2 0 O.QB 04
(IMP-|MPFy/IMF

C
= -0.8



Events / 0.1 MeV/c*®

Events / 0.5 MeV/c*®

Channel N s

.Jrl.-"'!,ﬁf —* ;'"Lﬂ

3;10
®
= 10° i\
Ty i
Dﬁ! L j '-I-'.!"'
= 10 Bl : '-'.'ﬁ iy, |-I:|4.I
i < @ T 1 ﬁlg'g ﬁ E:': SRR
L 3 = ; T By 1o g
T I & 0 Bt [ 5 ik
1.1 1.11 112 1.13 1 12 1.14
My, (GeV/c?) Mpﬂ (GeV/c?)

Events / 1 MeV/c*®

J /g — TO50

440,675 £ 670

111,026 & 335

31,119 = 187
6,612 &£ 82

w(3686) — AA
w(3686) — X050

TN N TN SN TN NN TN TR N N |
1.18 1.2 1.22

I I T
1.16 1_14 1.15 1-13

2
M., (GeV/c?) Mo,

1.2
(GeV/c?)

1.22 1.24

Determine A® for each
decay

for X0
A polarized longitunally

Phys. Rev. D 95, 052003 (2017)
arXiv:1701.07191

P/\: (Pz) COSGZA



Conclusions/outlook (hyperon decays)

Well established general formulas for
efe” —»y" = By, By, areapplied fo J/y and ¢(25)

Access to decay parameters even using single tag mode
if corresponding A2z0.

Charmonia: determine A® for J/y and y(2S) YY decays

Charm: Single tag mode for Ac decay parameters (if A®z0...)
 Ac decays N(e+e- -> A, A,.) = (105.9+4.8+0.5)x103



Summary

BESIIT: best place to study charmonium like XYZ states:
Zc(3900,4020) isospin triplets
complicated spectrum of Yc states, transitions
.. more questions than answers (->XYZ scan at BESIII)

Light hadron spectroscopy (high statistics and low
background), complementary to hadro- and photoproduction
experiments 1.3-10° J/y -> 10 J/y

Many unexplored, interesting topics ...
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