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Outline

m Observation of X(3872) in e*e > yX(3872)
m Study of the Y-family states

m A variation of Z
m/.(3900) and Z_(38895)
m /.(4020) and Z_(40295)

® Summary



The BESIIl detector n
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Magnet yoke A
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Data collected tfor XYZ study n
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X (3872)

® Observed by Belle in B* 2 Kt J/y
= Mass close to DOD*0 threshold, narrow width

= Natfure (very likely exoftic)
m Loosely DOD*0 bound state?
= Mixture of excited y.; and DOD*0 bound state?
m Many other possibilities (if it is not %'.,, where is ', %)

m JPC:‘|++

® Production
® in pp collison —rate similar to charmonia

= In B decays — KX similar to cc; K*X smaller than cc
= Y(4260)>7X(3872)



Observation of
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Clear ISR ¢’ signal for data validation; X(3872) signal at around
4.23-4.26 GeV



Observation of e*e" >yX(3872)
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= Clear ISRy’ signal: good reference for mass, mass resolution
and cross section calibration.

= N(y')=1242; Mass=3685.96+0.05 MeV; o,,=1.84 +0.06 MeV

= Fifs to the sum st*J/yp mass spectrum:
= N(X(3872))=15.0+3.9; M(X(3872)) = 3872.1+0.8+0.3 MeV



Observation of ete- >yX(3872) n

Vs (GeV) oBlete™ — vX(3872)] - B(X(3872) — T n~J/v) (pb)

4.009 < 0.13 at 90% C.L.
4.230 0.32 £0.15 £ 0.02
4.260 (.35 £0.12 & .02

4.360 < 0.39 at 90% C.L.

m X(3872) seems from Y (4260) decays

m Take o(ete>n'mwl/p) = (62.9£1.91£3.7) pb into
account , and assume the
branching fraction B(X(3872)>xn*nJ/y)= 5% (large
than 2.6% in PDG)

b [e+e_—_>q/X(3872)]
oB(ete~—=nta—J/vy) ~11%




The Y states -

47001 vueso) = Mainly from B factory
| 25+1 |
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Select efe— n'nJ/y at 4.26 GeV
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= Select 4 charged tracks and reconstruct J/y with lepton pair.
= Very clean sample, very high efficiency (~45%).
= olete— atwl/p)= (62.9+1.9+3.7) pb 525 pb ! data



Cross section of e*e — wta J/v n
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BESIII: o(ete— mtnJ/y) BESIII s measuring Cross
= (62.9+1.9+3.7) pb sections at more energy

Agree with BaBar & Bellel  points, and will take more
Best precision! data



ete— ntnh, (1P) 12
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20 F- = See hints of arise in the a*nh,
e 1 cross section at E_ ,,=4.260
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3.95 4.00 4.05 4.10 4.15 4.20 4.25 4.30 data
e*e~ Energy (GeV)

= Cross section comparable to st J/y process
= Limited energy points and statistics

- Larger data samples above 4.0 GeV and more energy points
at BESIII



ete— wrrh_(1P) at BESII 13

N.—yM. M. —hadrons

[16 exclusive decay modes, ~35% of the n. decays]
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Comparison of ete— wt*mrh, 14
and T J/y
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" glete— ntnh,) ~ olete— x*aJ/y) but line shape different
m L ocal maximum ~ 4.23 GeV, broad structure at ~4.4 GeV?e

m Hint for a vector cc-bar g hybrid?



Events / 0.02 GeV/c?

Observation of Z_(3%900)
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Whatis £.(3900)¢
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m Couples to cc-bar

+en Background fit ® Has electric charge

--=- PHSP MC

4.0
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B M = 3899.0+£3.6+4.9
B[ =46+10+20 MeV
m N= 307 = 48 events
Significance >8c

MeV

m At least 4-quarks
m Nature unclear

fit with S-wave Breit-Wigner
with phase space factor and
efficiency correction

Predictions and more
experimental information will be
essential fo understand its
nature.



Olbservation of Z.(4020)
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M2, (GeV/c’):
m Obvious structure around 4.2 GeV
m Hints of Z_.(3%200)

m ~1500 events in h, signal region af 4.230, 4.260 and 4.360
GeV, purity about 65%



Observation of Z.(4020) 18

Y 1200 = Simultaneously fit to
f 100 4.230/4.260/4.360
§ sof_ data (24 fb'])
oy " M = 4022.9+0.8+2.7
E 40¥ lT 3 39 40 Iv\eV;
0:% + MGV | w =794 7+2.6 MeV
200 ;

AT ~Teakrabl i . . . .
P95 400 405 410 415 420 425 fit with consistent width
M,., (GeV/c?) relativistic Breit-Wigner

mglete>a'nh,.) : with phase space factor
8741 949 8] Zpb @ 4.930 and efficiency correction
/A4x1.7£2.1£1.2 pb @ 4.260
10.3£2.3+3.1x1.6 pb @ 4.360



Observation of Z_(3885) in DD*-bar Kl

STI’OTGQYI 525 pb ! data at 4.260 GeV
= reconstruct DO9=2>Ka*/D*=>Knta*
= reconstruct “bachelor” &

= require D* in the missing mass using kinematic fit
= |ook at the recoil side of &
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Observation of Z_(3885) in DD*-bar BN
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B M = 3883.9+1.524.2 MeV; T = 24.8+3.3+11.0 MeV
moxB =85.3£6.6+22.0 pb

fit with mass-dependent-width BW with phase space and
efficiency correction

I'(Z,(3885)+DD*) _
F((ZC((3900))::7TJ/w)) =62+1.1+27

Assuming Z.(3885) due to Z_(3900)
Large non-DD-bar coupling



Quantum number of Z_(3885) 21

= COsO,_:

m pbachelor pion’s pole angle (relative to beam direction)
iNn the CMS
= O P-wave, with J,=%1

- sin“0_,

m Q*: parity conservation

= |- P-wave, 1+cos%0_

m | S-wave/D-wave, D-
wave small contribution
->flat distribution

Fractional yield

OO 0102 03 04 0506 0.7 08 09

lcos 6.



e*e— q (D*D*)*+c.c. at BESIII

Strategy:

reconstruct D* from D™;
reconstruct “bachelor” &
at least on «i® from D* decays oy
looking at the recoil side of n
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ete— n/_(4025) - (D*D*)*+cC.C. E
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= Fif to &t* recoil mass yields:
= N=401+47;
= M= 4026.3£2.6+x3.7 MeV ; I'= 24.8+5.6+7.7 MeV

o(ete> (D*D*)*rw+c.c.)=(137+9+15) pb

o(ete™ =2 (4025)7T = (D* D*)EaT)

R= o(cte——(D* D) ErT) =(65£9+6)%




Summary of Z_

Mass (MeV/c?) | Width (MeV)

)/ 3899.0£3.6+4.9  46210+20
(DD*bar):  3883.9+1.5+42 24.8+3.3+11.0

20 difference 1o difference

eh, 4022.9+0.8+2.7  7.942.742.6
(D*D*-bar)t  4026.3+2.6+3.7  24.8+5.6+7.7

lo difference 2o difference

= Atleast 4-quarks; Charged; Near threshold;

= Couples to DD final states larger than charmonium final states;

= Whether they are two states need further understanding (couple
channel analysise quantum number determinatione interference?)



Summary and next at BESIII¢ E

m Fruitful XYZ results from BESIII

m Observation of X(3872) from charmonium decay
® Lineshape study using scan data
= Observation of Z_ states
= Next plan:
m Precise resonant parameters
m Spin-parity of Z_ states
® More decay modes and other XY/ states
m Excited 7., Z.' statese Z_>KJ/yp states?

= More data at high energies THANK YOU!



