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Beam energy:
1-2.3 GeV

Crossing angle:
22 mrad

Design Luminosity:
1%1033 cm-—2s-1

Optimum energy:
1.89 GeV

Energy spread:
5.16 x104

No. of bunches:
93

Bunch length:
1.5cm

Total current:
0.91A

SR mode:

0.25A @ 2.5 GeV

Compton back-scattering
for high precision beam
energy measurement

BESIIl is here

b
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[ €52) BESIII Spectrometer

Magnet yoke
RPC
TOF, 90ps
Be beam pipe
MDC, 130 pm I/ tal weigt 730 ton
0.5% at 1 GeV/ic - A B 40,000 readout ChnI:S,

Data rate: 5kHz, 50Mb/s
CsI(TIl) calorimeter, 2.5% @ 1 GeV
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BESIII production of Charmonium(like) states

3773 4040 4415 4600
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3554 MeV: 0.024 fb™ T mass BEPCII can reach herel

e 4100 =+ 4400 MeV: 0.5 fb-1 coarse scan
e 3850+ 4590 MeV: 0.5 fb 1 fine scan
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 first studied by
Crystal Ball (1982):
f,(1710)

« Crystal Barrel (1995):

fo(1500) [pp—nnn]
« E835 (2006):
fo(1500) [pp—n‘nn]

fo(1710) [pp—nnn]
. WA102, GAMS:

f,(1500) [mm mode]
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BESIII: PWA of Jhy — ymm, n — vy PRD 87, 092009

= pest solution:
» ,(1500),f,(1710), fo(2100); oo,
f,'(1525), f,(1810), f,(2340);-, | S

4
)

0** phase space, ¢n £ b
= no significant evidence of: h{ b
. scalar: T T,
£,(1370), f,(1790), f,(2020)
£,(2200), ,(2330) wf
* tensor: o]
£,(2010), ,(2150), ,(2220) .| 1™
source of sys. unc. 0 S
BEST |, Bl
= ¢n background: R

* Interference of ¢ tail accounted for

 source od systematic uncertainties
Feb 15 - Mar 21, 2015 HHIQCD2015 10



BESIII: PWA of Iy — yqn, n — vy

PRD 87, 092009

Resonance Mass(MeV /c?) Width(MeV/c?) B(J/{) — vX — ynn) Significance

fo(1500) 14681212 136756100
7594675 172410172

2081+13%2! 27315070

F5(1525)\ 1513572 751aTls

£(1810) | 18227557 220755

£2(2340) / 2362751140 3341024108

(1.657037 1 90) x 107° 820

(2.3550- 1321y 107 | 25.00

(1132050 05) x 1078|1390

(3.4270317150) x 1077 1100
(5407002532 x 1077 G4 o

- ~n+0.6242.37 1a—=> _

N~
no significant evidence of:

» scalar: f,(1370), f,(1790), f,(2020), f,(2200), f,(2330)
* tensor: f,(2010), f,(2150), f,(2220)
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Jy — yod

 doubly OZI suppressed

@M Mm e — »‘N ¢

J T TR

" M Moy _C ¢
¢

y—yod (DOZI) predicted o 1/10  y—ydd (OZI)

« BESII: [PRL96,162002]
< BF o F M = (18127 4+18) MeV/c?
-:‘:f : {“IU 5_ -26
o R T = (105420 +28) MeV/c?
2l J | S
S & of e 0** favoured over
5 = F 0+ and 2**
m {]: ¥ :|||||||||||||||||||||||||||||||||||||||||

s 2 22 24 26 28 3 ;.E 0.5 1 1.5 ,? 25 3 35 4q 1.5

M(0d) (GeV/c?) M*(Yo) (GeV/c?)*
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BESIII: PWA of Jy — yoo¢ PRD 87, 032008

= |ooking for best solution:
« M, I and JP¢ of X(1810)

 other know mesons [PDG] 20 " Data BEST
- different J°° of phase space 2 0:— e xﬁfsefgf '
« different combinations of : e
additional mesons [PDG] 5ol —— n(2225)
i — - Phase-space

= pest solution:
X(1810), f,(2020),f,(1950),
n(2225), £,(2020), phase space
and background
= systematic uncertainties: -
» 1,(1920), f,(2020), n(2225). 0"
standard deviation from PDG,
replacing by other of similar
mass but same JP¢

* model dependence
Feb 15 - Mar 21, 2015 HHIQCD2015 13
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= X(1810) resonance parameters:
M = 1795+ 7(stat)".*(sys) £ 19(mod) MeV/c?
T = 95110(stat)f§i(sys)i75(mod) MeV/c?
By — yX(1810)) x B(X(1810) — o) =
(2.ooio.08(stat)ff-§§(sys)11.30(mod))x1o-4
= confirmed @ BESIII: best solution:
JPC =t
= X(1810) vs f,(1710):
unconclusive, further investigation is needed

= search for X(1810):
* In other decay modes: K*K*, oo, ...
[J/y—yn(1760), n(1760)— o o observed by BESII: PRD 73, 112007]

* In other production processes: J\y—owd, Jy—wndw
Feb 15 - Mar 21, 2015 HHIQCD2015

BESIII: Jhy — vX(1810), X(1810) — ¢ PRD87,032008
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Evts/0.005 GeVic®

Jhy — ypp: enhancement at threshold

normal meson? pp bound state? multiquark? glueball? FSI effect?
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BESII: PRL 91, 022001 (2003)

;--»«rii.llll'lliii

M(p p) - 2m,, (GeVic?)

BESIII: CPC 34, 421 (2010)

70 | BESII
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0 0.05 0.10 0.15 0.20

M,5-2m,/(GeV/ic?)

0.25

0.30

M = (18607, ") MeV/c?
I <38 MeV/c2 (90% C.L.)

compatible with S-wave BW

M = (18613 %) MeV/c?
[ <30 MeV/c?(90% C.L.)
compatible with S-wave BW

Spin-parity analysis essential to determine nature and role in spectrum

Feb 15 - Mar 21, 2015
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-PWAofJ/\y—>ypp
« never performed before 700 X(p)  BESIY

= best solution: % 000} L B00)
X(pp) [>>306], f,(1910) CR T
and f,(2100) fixed @PDG, § |

3

0** phase space and
S-wave (1=0) FSI
= systematic uncertainties:
» 1,(2150), f,(1950), and other
resonances from PDF, 0+ PS
* FSI model dependence

JPC=0", >6.86 better than other JP¢ assignments
M = 1832 (stat) ", (sys) = 19(mod) MeV/c?

I = 13+39(stat) (sys)+4(mod) MeV/czor I'<76 MeV/c? (90% C.L.)
B(Iy—yX(pP)) x BX(PP)—pP) = 9.07}; (stat)’; (sys)+2.3(mod))x10°

Feb 15 - Mar 21, 2015 HHIQCD2015 16
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500 |
400 F
300 f
200 [

Events/(0.02GeV/c?)

100 [

0% 4 16 18 20 22 24 26 28
Mt )(GeVic?)
 PWA Is needed

to determine spin and parity
e consistent with JF =0

Feb 15 - Mar 21, 2015

: Jw — yX(1835), X(1835) — m*mm’ PRL 106, 072002

X(1835)'
= (1836.5+3.077 ) MeV/c?

= (190+9 7% ) MeVi/c?
>200

X(2120)'
= (2122.4+6.7757 ) MeV/c?

= (83+16 " ) MeV/c?
>(.20

X(2370):
M = (2376.3+8.72% ) MeVIc?

= (83+17%") MeV/c?
>6.4c

HHIQCD2015
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LS ABESIII: Iy — vX(1840), X(1840) — 3(m*n) PRD 88, 091502

300

~ fBesH - BESH

— = MM = E — .
E : 4 D o F '- =
200 — T~
o 10°F = F =
E N -E"T-" 150 — —
10 - ]
S & 100[- =
> [ ‘ T u -
1E | phase space 50 _;
L | | 111 | L 111 | 1 111 | [ a1 —
.]-I--L 4 -} | [ ] | | I | | ] T

1 1.5 2 2.5 3 0
M(3(m*r)) (GeV/c?)

16 17 18 19 2 21
M(3(*1)) (GeV/c?d)

M = (18422 +4.2"); ) MeVIc?
= (83+14+11) MeV/c?
>7.60

« PWA is needed to determine spin and parity

* Nno n’ detected
Feb 15 - Mar 21, 2015 HHIQCD2015 18




L4EBESIII: Iy — @X(1870), X(1870) — a*(980)n*

Jy — onntn
wiser T h
800 | —
700 E ot T

2

S 8

Events / (20 MeV/c?)
N
2

=

> &

1.2 1.4 1.6 1.8 2.0 2.2
(GeV/c?)

1‘|:IT. n

 PWAis needed
to determine spin and parity

Feb 15 - Mar 21, 2015

PRL 107, 182001

X(1870)'
= (1877.3+ 6.3, ) MeV/c?

r= (57+12%5°) MeV/c?
B= (1.50+0.26 /%) . 10

(1405)-
= (1399.8 £2.2°57 ) MeV/c?

= (52.8+ 7.6 75 ) MeV/c?
= (1.89+0.21 T§_§§ ) - 104

f,(1285):
M = (1285.1+1.00% ) MeV/c?

= (22.0+3.1 779 ) MeV/c?
= (1.25+0.10 fg_;g ) - 104

HHIQCD2015
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I ¢2ABESIII: a partial summary

250
L threshold *  X(1840); J* unknown
— O X(1870); J* unknown
200 |- L
—_ n A X(1835); S =0
> u
% 150:— m X(pp): =0
£ - 4+  X(1810); F =0
T 100 =4
50 — m el
- pp threshold
0 n [ | [ | I [ | [ | [ | I [ | [ | [ | [ | I [ | [ | [ | [ | I [ | [ | [ |
1800 1850 1900 1950
Mass (MeV/c?)

* X(1840): Jhy — y3(n*w) [PRD88, 091502]
o X(1870): Iy — onma*n [PRL107, 182001]
A X(1835): Jy — y(na*m) [PRL106, 072002]
= X(1840): Jhy — y(pp) [PRL108, 112003]

+ X(1840): Iy — y(w¢) [PRD87, 032008]

Feb 15 - Mar 21, 2015
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Y X(1840);: JF unknown
O X(1870); J* unknown
s [ ]
— A X(1835); =0
> °
% 150 B Xpp):JS=0
E L . X(1810); JF=0*
T 10 + ¢
= +— J .
50 ol
pp threshold

0 ] I [ | ] 1 I '] 1 ] I ] 1 ] ] I 1 ] ]
1800 18720 19800 1950
Mass (MeV/c?)

* X(1840): Jhy — y3(n*w) [PRD88, 091502]
o X(1870): Iy — onma*n [PRL107, 182001]
A X(1835): Jy — y(na*m) [PRL106, 072002]
= X(1840): Jhy — y(pp) [PRL108, 112003]

+ X(1840): Iy — y(w¢) [PRD87, 032008]

Feb 15 - Mar 21, 2015 HHIQCD2015

Jhy radiative decays
not found in y’
radiative decays
non a pure FSI
PWA is needed

X(18?7?):
* near (pp) threshold

 Isasingle particle?!?

21



BESIII: PWA of w(2S M <2.2 GeV
Y(25) = 1P, M, PRL 108, 112003

pp mass-spectrum at threshold clearly differs from that in Jhy decays

X(pp)
—0'PS

f,(2100)
—1,(1910)

0.1
M(pp)(GeV/c?) M, -2m,(GeV/c?)

M, I', and JP¢ fixed to those obtained for J/\y decays

B(y(2S)—yX(ppP)) X B(X(PP)—PP) =
4.57+0.36(stat) ", o (sys)+1.28(mod))x 108

_ _Bw(2S) — yX(PP) _ +0.71 +0.67
R = By — 7X(PD)) =5.08  ,z(stat) ;:4(Sys)+0.12(mod))%<12%!

Feb 15 - Mar 21, 2015 HHIQCD2015 22




PWA of y(2S)—pp=n® and y(2S) —ppn

CLEOc: 24.5 M y(2S) [PRD 82, 092002]

120} W(25)—ppn’

1.0 14 18 22 26
M (pr°) (GeV/c?)

% S0Fl 1. R,(2100)
S F|2  N(1440)
2 %03 N(2300)
o, [l4  Ry(2100)
40 F T
s F A4 o +z .......... +
€ 20
) e ;
1 0 L ar g T = b ey Forire | nn JES rul bl
3.0 1.8 2.2 2.6 3.0 3.4
M (pp) (GeVic?)
25H

(2]
&)
e
=
@
= -
- -
TI'SU:
—
o
-
(1]
=
L

OF + ¥(2S) —ppn

Fl 1.
20H 2.

N(1535)
R(2100)

10F

Events / 40 MeV/c?
o
|

10F 5F | ¥ p-
1.4 1.8 22 2.6 1. 2.2 2.6 3.0

Feb 15 - Mar 21, 2015 M (pn) (GeV/c?)

HHIQCD2015

M (pp) (GeV/c?)

§193]J9 UAIIJII)UI JNOYIIAA
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PRD 88, 032010

= low background: _
* sidebands and continuum :'

40

25MeV iy

= pest solution: E
N(1535) combined with an .t
interfering phase space -

Events/{z5MeV k™)
- = [ I = T '

= pp enhancement:
<30

= N(1535):
+ M=(15244510) MeV/c?
o I'=(130%27+10) MeV/c?

-24 -10
= suppressed (<12%):

Eve rtsfz5MeVic™)
= B ® & =

2.4 2.6
M (GeVic®)

_ B(y(2S)—ppn) _
Qupn = BNy — ppn) = (3.2+0.46)%

Feb 15 - Mar 21, 2015 HHIQCD2015 24



= 2-body decay:
* Y(28)—>Xn? X—pp

e y(2S)—pN*, N*—pnl+c.c.

= |sospin conservation:
A suppressed

= Dbest solution:

N(1440), N(1520), N(2090), N(1535)

N(1650), N(1720),

N(2300) [1/2+], N(2570) [5/27]

= no significant evidence:
* N(1885), N(2065)
e pp enhancement

= systematic uncertainties:

 additional possible resonances
HHIQCD2015

Feb 15 - Mar 21, 2015

BESIII: PWA of y(2S)—ppn®

Events/(32MeV/icE)

EventsA 32MeVic)

PRL 110, 022001

2_|:|l3| T T T T

150

100

50

—— Mi{1535)

— M 1650)

.......................

15 2.0 25
M, GeVich)
WO ---I----NI;"?LUI:I] o B'IES]]I_
— N 1720
—— MNi{2300%

150

100

1A
=

el o e

"""""

—MN(2570)

_______




BESIII: PWA of y(2S)—ppn®

= 2-body decay:

o Y(2S)—>Xn’ X—pp 330

300
250
200
150
100

50

e y(2S)—pN*, N*—pnl+c.c.

= |sospin conservation:
A suppressed

Events/(36MeV/c?)

= pest solution: X
N(1440), N(1520), N(2090), N(1535),
N(1650), N(1720),

N(2300) [1/2*], N(2570) [5/27]

= no significant evidence:
* N(1885), N(2065)
e pp enhancement

= systematic uncertainties:

 additional possible resonances
Feb 15 - Mar 21, 2015 HHIQCD2015

PRL 110, 022001
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BESIII: PWA of y(2S)—ppn® PRL 110, 022001

* pranching fraction:
B(y(2S) — ppn’) = (1.65+0.03+£0.15)x10*

= PWA:
« two new resonances
* N(1885) and N(2065), <5c
* pp resonance <4c

Resonance M(MeV/c?) TI'MeV/c?) AS ANy  Sie.
N(1440) 1390731730 3407385710 725 4 1l50

N(1520) 151053580 1157805 198 6 5.00
N(1535) 15355971 1205307, 494 4 93¢
N(1650) 16507373, 1507573 821 4 1220
N(1720) 1700739732 450700°70% 556 6 9.60
(2300)
(2570)

Feb 15 - Mar 21, 2015 HHIQCD2015 27
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1. Mass:
charmonium
ground state

M1 transition:
first observation of

Vv — .



The S-wave spin-singlet charmonium ground state, found in 1980

M & I' measurements:
« J/y radiative transitions: M ~ 2978.0 MeV/c?, I' ~10 MeV/c?
« vy processes/ B>Kn.: M =(2983.1+1.0) MeV/c? T =(31.3+1.9) MeV/c?

e vy, Pp, B decay
| “ ‘\V(lsl 25)9Ync !

a . I 2
Mass i 2 Width | X
I X Q- - AUBERT 08AB BABR 25
| 7.— - AUBERT 08AB BABR 2.4 o UEHARA 08 BELL 00
| 1@ - - UEHARA 08 BELL 43 [ —F— WU 06 BELL 57
—t— |- ABE 07 BELL — WU 06  BELL
——=nf WU 06 BELL 69 # |- ASNER 04 CLEO 03
—t Wy 06 BELL 0.8 q .- -~ - AUBERT 04D BABR 7.8
| ".- -~ ASNER 04 CLEO 04 ﬁ 1+ AMBROGIANI 03 E835 08
.' | - AUBERT 04D BABR 2.0 / . BAI 03 BES 16
| _ @  AMBROGIANI 03 E835 24 JL]LH ------- FANG 03 BELL 00
.'I. 1™ _\II. .. BAI 03 BES 37 IO SRR BAI 00F BES 3.3
| @ | FANG 03 BELL 0.1 [ @ - ARMSTRONG 95F E760 0.1
o | BA 00F BES 26 % -\~ BAGLN 87B SPEC 74
_._L oA oBAl 90B MRK3 4.1 . T BALTRUSAIT..86 MRK3
_._'-\ . . GAISER 86 CBAL 06 /[ GAISER 86 CBAL 125
\ 30.4 / 42.0
\ (Confidence Level = 0.0014) /| | \ (Confidence Level < 0.0001)
_+ | | | =

2050 7060 2970 280 290 3000 CL=00014 = ©°o = 4 60 K C.L.<0.0001

nc(1S) mass (MeV) n-(1S) WIDTH
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PRL 108, 222002 (2012)

[ —s—data [ —s—data 160:_ —e— data
- [ other v’ decays [ I other v decays F [ other v decays
C _ + 1l —0 140
n, opo - X, oy C 10X, oy F X, _
§ E I cont KS KTE -->9. 200 N E ::-gnt + K K T -->9. 120 E zalgnt . Tt+7t ’|q
= 150 = 150 7 pareee | = 1005 — - povese
o o N o E
~ = 100f ~
P P @
& B sof 3
e @ 2
AT TR IR veet N TR 0|||||’Im-'|| P STV TT TN TIN N T RN T P
2727528282929 3 3053.13.1532 272752828529295 3 3053131532 B.T 2752828529285 3 3.053.13.153.2
4
M(KsKm) GeV/ic BESTI M(KKn®) GeV/c? BESTT M(mmn) GeV/c?
[ —s— dat [ —e— dat 25()_:_—-—_data
140 S - o:h:r ' decays 300 N - otah:r ' decays F [ other ' decays
"o 120F B 7K, Ny pen b ™% ST o =
> [ I cont >250_ N cont 0 S20(]!_ -o:)nt
o .- F - g
p 100 " ::,gn.m KS K3TC L R :Iogn-reso 2 KZTETC o [ —= nogn-reso 6TE
= C = 200F " = 150
o 80 :_ -------- Int . o Eo Int :' \ o r,.‘
A 60: \ — 150 — r
- . >~ 100
L £ 100F £
C 40 = + C
S g ; ® sof
W 20k i S0 ¥ L o i
0 Ml “-" ..:.:‘I ‘ T S i T T — h____ 0:. | -
272752828529285 3 3053131532 272752828529285 3 3053131532 272752
M(KsK3m) GeVi/c® M(2K2mm®) GeV/c? M(6m) GeV/c?

Significant interference between n, and non-resonant
— simultaneous fit to 6 modes, Mass =2984.3+0.6+0.6 MeV/c?

' = 32.0£1.2+£1.0 MeV/c?
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PRL 108, 222002 (2012)

Mass

2 XZ

£  UemAra 05 BELL 00

AUBERT 08AB BABR 24 WU 06 BELL 5:7,

aee o7 BEL WU 06 BELL

L WU 06 BELL 6.9 ASNER 04 CLEO 0.3

L WU 06 BELL 0.8 AUBERT 04D BABR 7.8

- - ASNER 04 CLEO 0.4 AMBROGIANI 03  E835 0.8

| ‘ - AUBERT 04D BABR 2.0 BAI 03 BES 1.6

;' AMBROGIANI 03 E835 24 FANG 03 BELL 0.0

| \ BAI 03 BES 37 BAI 00OF BES 33

f | FANG 03 BELL 0.1 - ARMSTRONG 95F E760 0.1

: "\‘ BAl 00F BES 26 - BAGLIN 87B SPEC 74

— I - BAI 90B MRK3 4.1 BALTRUSAIT... 86 MRK3
"\ - GAISER 86 CBAL 0.6 GAISER 86 CBAL 125
\ 30. 42.
/ \ (Confidence Level = 0.0014) (Confidence Level < 0.0001)
I | | | _ | J - 1 |
2950 2960 2970 2980 2990 3000 3010 -20 80 100
17c(15) mass (MeV) n-(1S) WIDTH

120 — (earlier result -- ~117 MeV)
- N | ]
. - ) B ¢ 0.2 ms 7
Hyperfine splitting (BESIII alone) 2115 o 0.1 ms _
— D = O physical .
AM(1S) = 112.5+0.8 MeV/e2—2 :
S 110 —
I B i
Closer to prediction 105 ]
. — ~ Lattice 2012, arVix:1211.2253 ]
then earlier result = b | T

100 | | | | 1 | | | | | ] |
0.00 0.01 0.02
a® (fm®)
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Observed in different production mechanisms

1. B—Kn/ Belle: PRL 89 102001 (2002)
' C CLEOc: PRL 92 142001 (2004)
2. yy—n/— KKn Belle: NPPS.184 220 (2008); PRL 98 082001(2007)

; . BaBar: PRL 92 142002 (2004); PR D72 031101(2005)
3. double charmonium production £2-° " o5 o0 s (2011)

M1 transition y' — yn,'

1. CLEO found no signal in 25M v’
By’ — /) < 7.6 X 10% PRD 81 052002 (2010)

2. BESIII: first observation of . — KKn ;
find evidence in ./ — K.K3x

Experimental challenge : search for photons of 50 MeV
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e ldata (KOKI*K; ) '
— fitting rosults -
-+ e :
—-1
---== background

.......
......

.
.
-----

y(2S) — 1 (2S), 1(2S) — KKn

A TTTERL Y. i
35 3.55 36 3.65 3.;
ngKtn, (GeV/c)

M =3637.6£2.9+£1.6 MeV/c?

B(w ' — yn.’ — yKKm)=(1.30+0.20+0.30) x10°
B(n.' — yKKm)=(1.9£0.4+1.1)%

By' — yn.) = (6.8£1.1+4.5) x10*
(0.1-6.2)x104
< 7.6x10*

HHIQCD2015 33

Potential model:
CLEOQOc:

Feb 15 - Mar 21, 2015

PRL 109, 042003

T I T

- L S R -

" 100 BESIL —— data (K'K')

% ; F ) — fitting results

O .l sew Xl

n 10°F i §
g Tk

8 : -+ background

<

< 0. G4

‘tﬁ ...-;-.....__‘,‘. A Wiy -I /

: T

g g L L

m If.. NPk \ :
o by v 1 S 1Ny IS

35 3.55 3.6 3.65 9.7

I' = 16.9+6.4+4.8 MeV/c?
Significance >10 ¢

BABAR: PRD78, 012006 (2008)

FIRST OBSERVATION!

PRL89, 162002(2002)
PRD81, 052002 (2010)



L
~ 10
O
0 continuum data for QED background
Ty ] 03 = KsE3m
0 1 .
S Significance
T 45
—

.£ O
L
g
(m

-
o

=

33 3.35 3.4 3.45 '35 355 3.6 3.656 3.7
K3K3 (GeV/c?)

M =3646.9+1.6+ 3.6 MeV/c?

I' = 9.244.842.9 MeV/c?
By' — . — YK K3m) = (7.03+2.10+0.70)x 10

Feb 15 - Mar 21, 2015 HHIQCD2015
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PRD 87, 052005

EoT Lt ol S ezxoat

;@i N.(2S): BESIII vs literature PRL 109, 042003

BESIIl y(2S)--> YKsK3
— e y(2S)-->7v T BESII y(2S)--> YKsK3n

BESII y(2S)-->yKKr
BESIII y(2S)-->y KKn
BaBar vy -->KK3n

BaBar vy -->KsKn
BaBar vy -->KsKn

Belle B --> K (2S) Belle B --> K1 (2S)

T oo b v b v e b b by L 1,3 IE[VGI. L L L L
3630 3635 3640 3645 3650 3655 3660 3665 3670 (l) 10 zlo 3|o 4|0 5|0 60
n_(2S) mass (MeV/c?) n (2S) width (MeV)
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h.(1P)

Spin singlet P wave (S=0, L=1)

Potential model: If non-vanishing P-wave spin-spin interaction,
AM,(1P)=M(h,) - <M(1 3P,)> = 0,

<M(1 3PJ)> = [M(XCO)+3M(XC1)+5M(XCZ)]/9
Theoretical predictions:

— B(y' — °h) = (0.4-1.3)x103, B(h,— yn.) = 41% (NRQCD)
B(h.—> ;) = 88% (PQCD)

Y. P. Kuang, PR D65, 094024 (2002)
— B(h,— yn,) = 38% Godfrey and Rosner, PR D66, 014012 (2002)

First reported by E760 in decay pp — h, — J/yn?, not confirmed
Evidence found by E835 in pp — h, — yn, PR D72 032001 (2005)

Observed by CLEO in y' — n°h,, h, — yn. PRL 95 102003 (2005)
Recent results from BESIII
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BESIII: y(2S) — n°h (1P), h(1P) — yn,(1S) PRL 104, 132002

3060805012
3.8 ] “inclusive”
A — 1 only detect the xt°
- - 1 | (compute M(h,) from kinematic)
L xc1(1 pj)(ci(_P}: Rate « $(\|l'—>7‘€0hc)
23_4 1 “EI tagged”
8 detect the ¥ & vy
2 1 RatexB(y'—n’h;) xB(h,—yn)
T3.2 —
= ]
| «exclusive”
3.0t -|  detect the =%, y & n,—X; decay prod.
1+ ot Rate «
2.8l 11 4 By'—nhy) xB(h—yne) xB(n, —X;)
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BESIII: y(2S) — n°h (1P), h(1P) — yn,(1S) PRL 104, 132002

4000 F
3500
3000 § M = 3525.40+0.13+0.18 MeV/c?
e T = 0.7340.45+0.28 MeV/c?
;’i 1500 | <1.44 MeV @90%
- 1000 E
S soof CLEOC: PRL 101 182003 (2008)
T o M = 3525.28+0.1940.12 MeV/c?
E 40{](}(}5 ﬁ I' : fixed at 0.9 MeV
i 2
30000 ; Hyperfine mass splitting
20000 ¢ AM, (1P)= M(h_) - <m(13P,)>
10000 -

g TS BESII: 0.10+0.13+0.18 MeV/c?
O 353 s CLEOc: 0.0240.1940.13 MeV/c?

7w° recoil mass (GeV/c?)

By combining inclusive results with E1-photon tagged results
By'—n'h )= (8.4+1.3+1.0) X104 Agrees with prediction from
B, —yn)=(54.3£6.7+-5.2)% Kuang, Godfrey, Dude et al.
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BESIII: 16 h (1P) decay modes (~40% n.(1S) decays)

PRD 86, 092009

Events /(2 MeV/c?)

3.5 352 56 3

L1 ]
1 -y .
Ty R i s .

35 352 I54

7’ recoil mass (GeV/c?)

~ 200 [ —
% 1301 Summed distribution BESI
= ijgf_ 8321 35 evts.
S 120)
@ 100;
S 80F
” -
@ 60f
ol
0
' 3.56
n’ recoil mass (GeV/c?)

Feb 15 - Mar 21, 2015

(MeV/c?) BESIII Exclusive BESIII Inclusive CLEO
M 3525.31%+0.11%+0.14 | 3525.40+0.13+0.18 | 3525.21%+0.27%0.14
r 0.70%0.28%0.22 0.73+£0.45+0.28 --
AM, (1P) -0.01+0.11£0.15 0.10+0.13+0.18 0.08£0.18+£0.12
BESIII; PRL 104 132002 (2010)

CLEOc: PRL 101 182003 (2008)

HHIQCD2015
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BESIII: n, parameters from y(2S) — n’h (1P), h. (1P) — yn.(1S)
PRD 86, 092009

)
2

r.:.:lﬁt)i— BESII § 1405— BESII
> 140 Sum of 16 of 2 o Background
=120 q . decay modes = 100} subtracted
Z 100 < sf
z % @
5 | g wf
= 40t 20 |
20; 0 / Sdle )
0 20

f ; ; , . . . ] . . . ] . . . | L L L ) ) ) L L ! ! ! !
2.4 2.6 2.8 3.0 3.2 ) 2.4 2.6 z.la 3.|0 32
M(hadrons) (GeV/¢?) M(hadrons) (GeV/c?)

N, lineshape in h, — yn.Is not as distorted as in y' — yn_. decays:
—> non-resonant interfering background is smaller than y" — yh,
— this channel best suited to determine . resonance parameters

y' — moh,, h.—ym. PRL 108, 222002

M = 2984.49+1.16+0.52 MeV/c? M = 2984.3+0.6+0.6 MeV/c?
' =36.4+3.2+1.7 MeV I =32.0+1.2+1.0 MeV

Consistent results, but still dominant statistical errors: more statistics is needed!
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* using 772 - 10° BB

Ll }L H Jr « B— Kyyy

38 385 39

M,y (GeV/c?)
M = (3823.1+1.840.7) MeV/c?
3.8c

Mass and width compatible with a y,(1°D,) state

Feb 15 - Mar 21, 2015
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Simultaneous fit to two data set:

* Data-1 ¥

>4.36 GeV/c2 3

« Data-2: §
[4.23,4.26] GeV/c?

b

:

—+ Data

25 :g:dtgmmd
20 1.|J’(25) [ Sideband

15 X(3823)
10

5

%_ - ‘;_....'. b o

M=) (GeVic?)

0 —4 Data
25 :glal.cltgmmd
20 [ sigebana
15
10

5

36 a7 383

M=) (GeVic?)

BESIII: e*e” — n*nX(3823) — w*mwy ¥,

Events / 5 MeV/¢c?

Events /5 MeV/¢?

25

BESIII preliminary

oFData-ll BESII

—+- Data
— Fit
- =- Background

et preliminary gy sigevand

38 39
M=) (GeVic?)

M = (3821.7£1.3%£0.7) MeV/c?
6.70

Feb 15 - Mar 21, 2015

HHIQCD2015

C —+- Data

= Data-ll — Fit
aAFn - -- Background
Hﬁfz I sigebana

38 39
M=) (GeVic?)

42



Energy-dependent cross section for

BESIII: e*e” — n*nX(3823) — w*mwy ¥,

eTe” — mTaX(3823) — T T yXc

3

BESIT

preliminary

2.5

2

—+— data
— Y(4360)
v(4415)

o8(n'm'X(3823)>m"mYy,_) (pb)
o
TTTT I TTTT '| TTTT I TTTT '|' TTTT '| TTTT

Compatible with both Y (4360) and (4415) line

shapes

Feb 15 - Mar 21, 2015

HHIQCD2015

Mass and width ~ in agreement
with potential model

Production ratio
R, = BUX(3823) = 1)
B(X(3823) = 7Xc1)
~ 0.2 prediction
< 0.43 at90% C.L.

Exclusion:
11Dy — xc1 forbidden
13Dg — yxc1 has zero amplitude

Not enough statistics to distinguish

—y S — [ T M— e e b 3
S and D wave from data

BESIII preliminary
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4.4

4.2

4.0

3.8

3.6

Mass [ GeV/c?]

3.4

3.2

3.0

Higher Charmonium states: a new family member?

| | 7e(4750) |p-:j4331]!

(33
3P, = . . i=p Xcz(3%P:)

| ps (2905
P(2°D
(3155} ——
iz o) |P':_33£a1]
he (2'Py) Xe1 (2%Py)
Xeo(2°Pg) - Xcz2(2°Pz)
ps(1°Ds)
m —_
y y ooy
nL(2150)
a
F— Xe2(1°Pz)
fcll P1) Kot (19P4)
| %R I
Xeol o
(18]
ol IS predicted, undiscovered
predicted, discovered
O—+ 1— 1+— D++ 1++ 2++ 2—+ 2—— 33—
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BESIII: ee” — yX(3872) — yn*mw Iy

Clear ISR v’ signal for data validation
X(3872) signal at around 4.230-4.260 GeV

010 W
> | —+data B | >
G102 - ©
<0 Bl background | Q1
S I Y S
c 10F  t1]| Ex,n=4.010 GeV o
2 | ‘H ” | ﬂ 2

1F ' =
B g
w3, 37 38 39 4 4

M J/w) (GeV/c?)

L10% X
T —+data BESH | >
O102E  w O
gm ¥ background 31
S 10k +ﬁ1 E,.=4.260GeV | 3
P w 1 ﬂ" ‘ ﬂ @
o ¢ o
- C. =
W 36 37 38 39 4 W

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

Feb 15 - Mar 21, 2015

03

-
R

—
-

3.6

~+ data  BESI
" | background

E.,=4.230 GeV
U it

3.7 3.8 3.9 4
M /) (GeV/c?)

—
o R” L
|||| T T ||||||| T T TTTTIT

—

3.6

HHIQCD2015

2R

—+data  BESII
| background

t | E,=4.360 GeV

3.7 3.8 3.9 4
M(r*J/w) (GeV/cH)

PRL 112, 092001
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BESIII: ete- — yvX(3872) — yn*aJly PRL 112, 092001

———T T oS 06
15+ — Q - —+- data
N : BESI —4- Data ] = osE BESII . v4260)
g i = Total fit .._J__fb" a ----- Phase Space
2 4g B === Background 7] +'I:£ 04 --- Linear
= i = -
© - T~ 03F
PR 1L
g 5_ __ % 0.2:
L l ‘]HH ” 1 X 01
bt WL W i i -I- N WLY W h e 1 E; D 'r‘l"i'd-l-.'i.rld.rl [T S AN TR NN S T NN T N |---|__|-_| L
g.B 3.85 3.9 3.95 4 4.1 4.2 4.3 4.4 4.5

M Jly) (GeV/c?) E.., (GeV)

ISR '’ signal is used for rate, mass, and mass resolution calibration.
My 3e86) = - (0.344+0.04) MeV/c?; o= (1.14+0.07) MeV

N(X(3872)) = 20.1+4.5 [PDG: 3871.68+0.17 MeV]
M = (3871.940.740.2) MeV/c?
R = O(Y(4260) - yX(3872) 0.

6(Y(4260) — w*n-Jd/vy)
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IBESIII: e*e” — ydJ/y (J/y — p'w, ete)  PRD 91032002

e 3 ¢ decay modes considered: ¢ — K'K-, ¢ —» KK, , ¢ — n*mad
e 2 J/y decay modes considered: Jy — p*p, Jy — ete

| No evidence of Y (4140)
S BESIT UP @ 90% C.L. for
D = imi
(02 325 Preliminary oB(ete- — yY(4140) - B(Y(4140) — ydJ/y)
S 25t E. (MeV) L (pb™) c® - B
o =
% qof 4.23 1094 < 0.35
S 1 4.26 827 <0.28
W o5&
OE || R bbb b b 4.36 545 < 0.33
41 415 42 425 4-32 435 44 Including systematic uncertainties
_ M(o Jhy) (GeVic?)
Assuming:
o 6B(e*e" — yX(3872) - B(X(3872) — m*m Jhy) [1: o B(X(3872) — n'm Jhy) = 5% I

e E_=4230 MeV: 0.27 £ 0.09 (stat.) + 0.02 (syst.) pb © B(Y(4140) — ¢ J/y) = 30% LI
o E_=4260 MeV: 0.33 £ 0.12 (stat.) + 0.02 (syst.) pb

— G( e:e:_) ’YY(4140) ) <0.1 @ 4230/4260 MeV [21arXiv:0910.3138
o( e'e" — yX(3872)) ¥1PR D8O, 054019
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Exotic at BESIII

¥ez(33Pz) |

« all states below DD threshold
have been observed and described
by charm anti-charm potential
model

¥e2(23P3) |

MASS [GeV/c?]

« only a few of the predicted states
above threshold have been found

Yez(13P2) |

* many new states have been observed:
* s0me unexpected 34
* many with properties not
consistent with charmonium
decays to X,Y or Z states

3.2 predicted, discovered

predicted, undiscovered

3.0

unpredicted, discovered

0-+ ) 1+ 0+ i++ 2+
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Mass [GeV/c?]

Feb 15 - Mar 21, 2015

BESIII: e'e- —» a*aJ/y events

A= 31 | ey
¥(4360) -
o oot 2
he(31Py) ) xen (3P )| ezt z)
¥ (4260) i :
4.2 :
pi24o )
(3'5g) "
0 I 1) vigfsn)
‘ hz(27Py) 28p
— Xcol(25Pg) et (2 F4) Xe2(2%Pz)
X(3872)
3.8
m._—
74(2"So oD
3.6 -
} Yoz (1°Pz)
he(1'P1) Xe1 (19P4)
| = ata Xcal(13Pg)
3.2
u'l.-'f#v' (1331 :I
3.0FN..i7s predicted, undiscovered
He{l =g
predicted, discovered
not predicted, discovered e
0—+ 1—— 1+-— o++ 1++ o++

HHIQCD2015
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BESIII: e'e- —» a*aJ/y events

V J“_ Typical
- |y —opw

XY View ‘ XY View

4 charged tracks, J/y reconstruct via lepton pairs
 very clean sample, very high efficiency, kinematic fit used
« only use MDC & EMC information, MC simulation reliable
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BESIII: e*e” —» n*nwd/y — Jhy sighals @ 4.260 GeV
PRL 110, 252001

- BeSTI 9 400 BEST
2 882433 ® & 595428
3 Jhy —php O 1001 Jhy —ete
: S . f
: o
: @
cC
: g
- L
0 SR |.'T'|"“."|"|'T'|| phagts ol g e
3 3.05 3.1 3.15 3.2 . : 3.2
M(u*w) (GeV/c?) M(e'e) (GeV/cz)

« Dominant background e*e” — wtn it
« Jhy signal: [3.08,3.12] GeV
« J/y sideband: [3.0,3.06] GeV or [3.14,3.20] GeV
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ee - n*wJ/y — cross sections @ 4.260 GeV

PRL 110, 252001

46 4.8 5 52 54
E. . (GeV)

BESIII:

80 }
. DD
I?j)Bar. PRD86, 051102 (2012) 5 gg {H </
g ': | T | : 50 * BELLE
& 00 + =4 ‘0 \ || + m Belle: PRL110, 252002
E e
Tl ° 10 HH M{* HH#* e b
S r 0 H++++H+{+ H}m++++} WM
5 40 + ﬁ 38 4 42 44 4564\'/8) 5 52 54
20 , E.n (Ge
Oﬁ_ iy AT :: LTI IR
S WS A L RIRCVA AT ) BESIII cross sections:

e more energy points
« more data!

og(ete— n*mlly) = (62.9£1.913.7) pb
« agreement with BaBar & Belle

* Dest precision!
Feb 15 - Mar 21, 2015
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Feb 15 - Mar 21, 2015

Mass [GeV/c?]

xeo(3Pg)

xeo(22Pg)

xer (38R

xe2(37P:)

xe2 (23P;)

Xeo(13Pg)

xe1(13P;)

predictad, undiscovered

predictad, discoversd

not predicted, discoversd

4 Z(4430)" B1so) | | piadsy
¥(4360)
- he(3'Py )
v(4240)
4.2 a
A
4 D ?:I'cl:313|:| EJ'[SSS-
' he (2P )
7 (3000)
. -
————— — Ve
ol kot
3.6
he (11P;)
3.4
3.2F
Sy (1751)
3.0 1e(175;)
(0l 17— 17

o++

HHIQCD2015

1++

o++
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BESIII: ete — atah (1P) @ 4.260 GeVv ~ PRL 111, 242001

= h.— yn, n. — hadrons [16 exclusive decay modes]
e p p, KK, wtp p, 2(KKY), 2(n*), 3(nt*n)
¢+ 2(r*m)K*K, KK n+e.c., KK n+c.c., KK
e p pn’, K'Kmn, n*nn, ©tnnlnl, 2(xtrn)n, 2(xtnnd)

~320F— - — “w 60F
< e == MR BESTI
= . [ | é E | I
s = 40 . '
20 . - I )
- 2 30 I
|| 5 2 r C ]
...................................................... = 20 | {
10 o ! [l { ‘]‘ | {
| 10T -} e 101 ot |
I 5 - | IFII 11“ 1]
2 - 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ] 1 1 1 | [1] 4)_ 1 1 1 | 1 1 1 | 1 1 1 | 1 1
'8.£5'|} 3.52 54 3.56 3.58 3.60 3.50 3.52 3.54 3.50 3 58 3 60
Ml Gev/e?) M, (GeVic))

n. candidate

h. candidate
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BESIII: e*e — n*wh (1P) PRL 111, 242001

90
80
70
60
50

405
30 ;— T

3
=

Born cross section (pb)

20
10
0
-10

5 4 40 4.45
Ecy(GeV)

* o(efe> n'nh) ~ o(e*e— ' I/y) but line shape different

tH_

e Local maximum ~ 4.23 GeV
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ete —s 7t+7t'hc(1p) VS ete — i ‘]/\V PRL 111, 242001

30 _ Open circles: Belle e*fe— n*nd/y
. Jf Solid dots: BESIII e*e— w*rh,
60 _ + + + o _
— : ¢ L

42 43 44 45 46
Ecm (GeV)

More data at higher energies needed to complete line shape measurement
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BESIII: e*e” - ntadhy @ 4.260 Gev ~ PRL 110, 252001

o 18 10
o 7B Phase space reflection
= -
1 3 16 1
—  15F
2 F
= 14
10" ' E
T 10"
: 12
I R S, 107 e
%071 12 13 14 15 16 17 18 001 12 15 e a5 e a7 s 107
M2(r* i) (GeV/c?)? M2 (" Jhy) (GeVic?)?
. . o 1200 4oaa BESIT
Modelling 7 with know structure: Siop -0
o f0(500) Cg'-'* Bo— [ Sideband #JA’H
o 60 &
. £,(980) g A
* non-resonant G 2op Sl i i
Fits quite well ©*r- projection 82 04 06 08 1 12 14

M(r*r) (GeVic?)
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BESIII: ete- > a'anJ/w @ 4.260 GeV

PRL 110, 252001

Modellir

f,(50(
f,(98(
* non-rf
Fits quity

Events / 0.02 GeV/c?

Events / 0.02 GeV/c?

100

[#)]
o

N
(]

100

80

[0}
o
T T

N
o
L

g5

60~

40}

:_BES]]I j::jzpmc
— \ M I" ;s:deband
i |

ey P

- ¥ ++

#ﬂ t g

23334353637 3839 4 41 4.2
M(z*JAy) (GeV/ch)

~BESII T

- o
i l

20f

\ ;

2 3.3 34 35 3.6 3.7 38 3.

9 4 41 42

M(rJ/y) (GeV/ic?d)

10
flection
L(3900)

1
'\ 10
-
:r;:;._
617 qe 107
(GeV/c?)?
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BESIII: e*e” - ntadhy @ 4.260 Gev ~ PRL 110, 252001

o 18 10
o 7B Phase space reflection
} C i
1 g 16 g \/ on Zc(3900)
g 15 | %, 1
- \
_ S 14F ~ m,
4 = - 10_1 ‘-E-' 13 E_ ;
RN 5T T = \ 10"
. 1 G - 125 )
-' . =-.. = e
" 10_2 11 - ~ In
1 h 10:||E€|§mlllllllllll||||||||||||||||||| .10—2
17 18 10 11 12 13 14 15 16 17 18
Jhpr M2 (" Jhy) (GeVic?)?
., 1o~ BESIT o | ool \BESTI e | e ™)
'§ 80:— —4{3900} Mo, = 8o —2Z,,(3900) M| ‘§ .
S r * * + [ sideband 3 .SIdeband S
s_ | S oo 8_
o o B o
i | L ) i
%.2 33 34 3536373839 4 41 4.2 %.2 3334353637 3839 4 4142 %.2 0.4 0.6 0.8 1 1.2 14
M(r*Jiy) (GeV/c?) Mt Jiy) (GeV/c?) M(r*r) (GeVic?)

Feb 15 - Mar 21, 2015 HHIQCD2015 59



BESIII: e*e — 7 Z,(3900) — w*m-diy @ 4.260 GeV
PRL 110, 252001

— Total fit

- Badkgrandft | e N3s electric charge
-.=- PHSP MC

* at least 4-quarks
« what is its nature?

100 BESII D » couplesto cc

80—

Events / 0.01 GeV/c?

3.7 3.8 3.9 4.0
Moy (T50/W) (GeV/c?)

S-wave Breit-Wigner with efficiency correction
M = (3899.013.6%4.9) MeV/c?
I' = (46£10120) MeV/c?

R =(21.5£3.3£7.5)%

Significance
>8c
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e*e” — m Z,(3900) — w*m /iy @ 4.260 Gev  PRL 110252001

PRL 110, 252001 (2013) PRL 110, 252002 (2013)
, 100 BESII Mo P Zg_ Belle .
;?D.} sof e | 8 ol — etz
S 60f S 40f
o L o
@ 40f %
0 Fom s e L seiienes oo 055 38 38 4 41 43
Mo (TEJ/) (GeV/cd) Moy (/) (GeV/c?)
M = (3899.0+3.6+4.9) MeV/c2 | | M = (3894.5+6.6+4.5) MeV/c?
I' = (46£10£20) MeV/c? I' = (63£24+26) MeV/c?
307+48 events 159449 events
>8c >5. 20
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e*e” — m Z,(3900) — w*my @ 4.260 Gev  PRL 110252001

K. Seth & co. @ 4.170 GeV 100 BEST] Hom
hep‘eX13043036 § : ---- Background fit
= 40f o 80 L -.=- PHSP MC
2 r { Data M(Z:(3900))=3884.6+4.6 MeV O I
o FE P_hase Space S 60F
E - — Fit o C
= 30 — R
3 F »w 40
S »F & [ A
20 E— Ll>.l 20 = A
15[ 0f
- 1 3.7 3.8 3.9 4.0
"ELy |1 Minax(2J1y) (GeV/c?)
5| 70F
Z:r,f:* (AN TR T Y Y NN TN T AN S TR TN N S B i.|+-h—l NQ 602— Belle ti:ta
600 2700 3800 3900 4000 > -
Mrrmx{mtdfw] {Me‘d’] 8 50 : — Background
= --=- PHSP MC
QY
M = (3885+5+1) MeV/c? S
I' = (34%12%4) MeV/c? @
C
81120 events g
6.1c f
0

37 38 39 4 41 42
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e*e” — m Z,(3900) — w*my @ 4.260 Gev  PRL 110252001

One of APS
ey | e L= 2013 highlights

he(3P,)

42+
p(2°04)

a0 7
ne(2'Py) (2%P

7. (3000

Bﬂ‘\

3.6
he(1Py) o (1°P0) Xc2(1°Pz)
34 Xeo(1°Pg)
T
3.2

Mass [GeV/c?]

(1958
3.0 7o (1'50) predicted, undiscovered
predicted, discovered
not predicted, discoverad -
O+ 1—— 1+- o+t 1++ o++
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e*e — 710 Z.(3900)° — n%0J/y @ 4.230-4.260 GeV

Preliminary
% T ¢+ bata : PLB 727, 366
= 0. Phase Space CLEOC BESIII PRELIMINARY!
é s = Jly Sidebands 3.56 |4 2.8fbt data at 10 energy points from 4230~4420 MeV
3 s e Z(3900)° is observed clearly at:
it E.,=4230, 4260, 4360MeV
e i,,, M = (3894.8+2.3+2.7) MeV/c?
3600 3700 3800 3900 4000
Mo (201 (MEV) I' = (29.618.2+8.2) MeV/c?
>10

An isospin triplet for Z(3900) has been established

TOF

| BESIT 4230 MeV
Preliminary

sf BESIT | 4360 MeV

a0
BESII 4260 MeV o} Preliminary

® S
Preliminary

vvg

Events/ ( 0.01)
Events/ ( 0.01)

Events/ ( 0.01)
=
_.—

L L
38 4.0 4.2 3.8 4.0 4.2 3.8 4.0 4.2

M J/y) (GeV/eh) M(T"J/y) (GeV/ie?) M(’JAy) (GeV/c?)
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1 fbl @ E,,=4230 MeV

Lo T2k
2 BESIT > [
S12ft Preliminary | 2,0
T 10e o . s L
T e T &l 8_—
8 o 'S * T -
T T 17| e T Lo ||l® T 6
5] - ‘. A .L
| LUt T T
ol CY) SCHl ? 4
af-en || e oo oo |]] i Ry
_: L # 1 11 1L L 1NN ™
o LD ot i
T T T s o ll

e*e” — n¥ Z,(3900)t — m*me @ 4.230-4.260 GeV

Preliminary

deepe oyt T ol
3.8 3.9 4 .
M(wm) (GeV/c?)

0.8 fol @ E_,=4260 MeV

BESII

Preliminary

a1 42 8

4 . 2
M(wn) (GeV/c?)

No evidence of a Z(3900) signal
e o(e*e” — T Z(3900)*, Z,(3900) — ww) < 0.27 pb @ 4.23 GeV 90%

o 6(e*e” — 1 Z,(3900)% , Z.(3900) — 7w) < 0.18 pb @ 4.26 GeV 90%
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e*e” — m Z(4020) — n*wh (1P) —all energies  PRL 111, 242001

i
L]

j

0O = R W Bl @m0

S
|
A
)
=]

IIIIIIIIIIIIIIIIIIII IIIIIIII IIIIIIIIII
5.0 01 02 03 04 n5 0.6 0.7 0.8
M2, (GeV/e?)

— p—
(—
=
|
e — -
—_— T

=]
=
III|IIIIIIIII
—

« all collected energies
[3.900 + 4.420 GeV]

Events/ ( 0.005GeV/c?)

e =
=] =]
| |
-

=
TTTTTTTTTTI

20 ﬂ'+ M
 h,— yn. n. — hadrons X
- 3.7 3.8 3.9 4.0 4.1 4.2
[16 exclusive decay modes] M, (GeV/e)
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e*e — m Z,(4020) — mmh (1P) — 4.23/4.26/4.36 GeV
PRL 111, 242001

Simultaneous fit to 4.26/4.36 GeV data and 16 n. decay modes.
4.23+4.26+4.36 GeV

T 1200 4.23+4.26 GeV | *°F
: C B'ES]H §0F —+ ole'e->a'vh,) BESII
E 1{]0__ .E T0E —o— ale'e->a'Z (4020)+c.c.) BESIIT
ln T
= B = e oie'e>n*rh) CLEO-¢ .
= sof g o0
s e |
s 60 40F )
= 40 % 3{]5—
- = =
B 2001 rd L= ==o
20 = 2% i : [ . N
10 ' § % 3 % \
0 UE| IIIl 1 1 1 I 1 1 1 I\|N;|~| I |—|’|/| 1 1
3.95 4.00 4.08 4.10 4.15 4.20 1.25 4.0 4.1 4.2 1.5 4.4
M,y (GeV/c) Ecyi(GeV)

M = (4022.94£0.8+2.7) MeV/c2 |  o(e*e—nZ (4020)—n*mh.)
I' = (7.9%£2.7£2.6) MeV/c? 6(4.23 GeV) = (8.7+1.9+2.8+1.4) pb
>8.96 (4.26 GeV) = (7.441.7+2.11.2) pb

o(e*e—nZ,(3900) *w —atwh,) = < 11 pb (90% C.L.)  B(Ne=1me)
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ete” — 1 Z,(4020)° — a%z°h (1P) — 4.23/4.26/4.36 GeV
| _PRL 113, 212002

BESIII PRELIMINARY!

e 2.8fb! data at 10 energy points from 4230~4420 MeV
e Z.(4020)" is observed clearly at: E_,=4230, 4260, 4360MeV

400 BESE

30 g(ete~—mtw h,)
300 g(ete~—nln hy)

Events/0.0125(GeV/c?)

Events/(0.01GeV/c?)

34 345 is a 55
M (GeVie?)

39 395 4 405 41

Mz o0 = (4023.9£2.2+3.8) MeV/c? M (GeVie)
M, o= (4022.9£0.842.7) MeV/c2 | Anisospin triplet for
° Z.(4020)
2 aozop 11X€d @ T, 0. has also been observed
>50
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e*e — 1 Z,(4020)° — n°nh (1P) — 4.23/4.26/4.36 GeV

PRL 113, 212002

BESIII PRELIMINARY!

e 2.8fb! data at 10 energy points from 4230~4420 MeV
e Z.(4020)" is observed clearly at: E,,=4230, 4260, 4360MeV

= 90;
[=% -
T 80 oere—mh) BESIT _
E 705 o(ete~—n’n® h) R,
% 60 >
A E @
S 50F Qo
< = ]
£ 40t =
(=] - =
[==) 305— E
201 I =
10 ] 4
0:. i Y N T =
4.0 4.1 4.2 43 44
Ecp(GeV)

M o200 = (4023.6+2.2+3.8) MeV/c?
M 2 4oo0y= (4022.910.812.7) MeV/c?
fixed @ T,

6(4020)0

>ho

Z.(4020)*

a5

SRS 8s

0O 30 395 4 405 41 AT
M5 (GeVic?)

An isospin triplet for
Z.(4020)
has also been observed

o(ete —mtn h,) ~ 2 o(ete=—nn® h))
ISospin conservation
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BESIII: e'e— 1Z.(3885) — n (DD*)*+c.c. @ 4.260 GeV

PRL 112, 022001

525 pb! data @ 4260 MeV: single tag analysis

90
80
70
60
50
40
30
20

10
0

BESII

Events / 4 MeV/c?

M(D°D*) (GeV/c?)
M = (3883.9+1.5%4.2) MeV/c?

I' = (24.8£3.3£11.0) MeV/c?
>18c

3.85 3.90 3.95 4.00 4.05 410 415 3.85 3.90 3.95 4.00 4.05 4.10 4.15

—
o
o

80+

Events / 4 MeV/c?
(9)]
o

o

M(D'D*) (GeV/c?)

nZ.(3885) ang. dist. favours J° = 1*
disfavours 1-e O -

o(ee— 1 Z,(3885)" x Z (3885)* — (DD*)* +c.c.) = (83.5+6.6£22.0) pb

_ I'(Z/(3885) — D*D¥)

~ I'(Z.(3900) — w J/y)
Feb 15 - Mar 21, 2015 HHIQCD2015
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BESIII: e*e— nZ,(3885) — m (DD*)*+c.c. @ 4.260 GeV
PRL 112, 022001

Decay mode Z;(3900)" — (DD*)*?
z(2430)" Fso) | [z, : :
4 I e Single tag analysis:
he (3P} 350, X1 (33Py) Xez (3°P2) . . "
¥ (4260) Xeo (5 Po) m reconstruct 'bachelor’
o P(2°Dy) and D° — K—7t+ or
‘o R | prew D- = Kn
‘ he(2'Py) _ - m require D* in missing mass
o EE‘QE:':'_ __________ Xco(2*Po) m B
S aql M5+ m vetoete™ — (D*D*)°
3
S | — T 1 Mon m apply kinematic fit; look in mass
- | 1'-"' .I' . - L] .
@ gl L= recoiling against 71+
czﬁ he (17Py) xe1(19P1) =2l
. At 1
3.4 Xeo(13Pg)
3.2}
-..I'fIPI:'IES1:I D
3.0 7o(1'50) predicted, undiscovered
predicted, discovered ;IT+
not predicted, discovered .
0—+ 1—— 1+- o++ 1++ o++ D*
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[¢52] BESIII: ete'— 1Z (3885) — 7 (DD*)*+c.c. @ 4.260 GeV
BESIII preliminary

525 pb-! data @ 4260 MeV: double tag analysis

New: Double tag analysis
- I1Su i | PN
A 9
N —1 [==% B reconstruct 'bachelor’ 7™
c 1/ 1 cl 1
¥(4260) Xea(3°Pg) and DD, D~
4 p(2°Dy ) in 4 or 6 decay modes
Lol = sy m require 7t from D* in missing
‘ ns(2'Py) 01 (2P, :
& E[mr — [=7)] |- : m mass
- = . -
> a8l oo+ B improved statistics,
- I:P”{'I -D1]
I e s it much better control over
° "op
72(2'So) background shape
B a6l _ _
S = — |12 (1°P2) improved systematics
2 £ 1) Xe1(19Py)
3.4 Xeo(1°Fo) B apply kinematic fit; look in mass
recoiling against 77"
3.2F
135 D
3.0 e (1'S0) predicted, undiscovered
predicted, discoverad ,?T+
not predicted, discoversd =
0—+ 1—— 1+— o++ 1++ o++ D*
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BESIII: e*e— 1tZ(3885) — n (DD*)*+c.c. @ 4.260 GeV
BESIII preliminary

- e L
0 rroorrrrrreeer reee e T T ]
g % %40— ) ) —
< p= s | Preliminary |
> 2
®) N T 0
E 720
2 4 =l
g 3.95 i 4 4.05 I 0 3.95 v 4 4.05
3 M(DD ) (GeV/c?) MDD ) (GeV/c?)
BESIL 1 <. BESIL -
L | 30_— =
WF Preliminary | Preliminary

Events/(4.0 MeV/c?)

—
(=]
T T [ T T T T [ T TT

827 pb! @ 4.26 GeV
Events/(4.0 MeV/c?)

=]
T T T T T T
(=)

i X 3.9 3.95 v 4 4.05 4.1
M(DD ) (GeV/c?) MDD ) (GeV/c?)

M = (3884.3£1.2+1.5) MeV/c? Compatible with but
[' = (23.8£2.1+£2.5) MeV/c? significantly more precise
>10c than single-tag analysis
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BESIII: Z(3885)" quantum numbers? BESIII preliminary

525 pb-! data @ 4260 MeV: double tag analysis

cos 0, : angle between bachelor pion and beam axis in CMS

0* excluded by parity conservation
0- mand Z(3885) in P-wave, with J, =1 — dN/dcosf, «c 1 —c0s%0,
1- wand Z,(3885) in P-wave — dN/dcosf, < 1+ cos%0,
1* wand Z,(3885) in S or D wave;

assuming D wave small near threshold — flat distribution in cos0,,

0.2 .
- BESTI preliminary | _ .
0,150 - DD* structure:
o T :
Lo s S T data clearly favour JP=1*
N e S :
‘g ______________________________________________ N ++ i
S 1 0NDF: 13,008 S Confirms JP for Z.(3885)
. 0.05 1" :X4/NDF: 88.9/9 SO f inale t Vs
0" :X3NDF: 71.8/9 \\' rom single tag analysIs

0001020304 0506 07 08 09
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BESIII: e*e— nZ,(4025) — 1 (D*D*)*+c.c. @ 4.260 GeV
PRL 112, 132001

SO = data —— Z.(4025) 80¢ —4—data  —-Z,(4025)
§ 400} lws PHSP BESI <70 ;BES]I[ —— total fit -~ comb. BKG
) [ rememnne Argus fit to sidebands 2 - ---- PHSP signal
> > 60|
O 300} + = 50f
N 0 f
~ N 40¢
~ 200 gP:
2 2 30
O S 20f
> 100¢ 0
L @ 1o
205 21 215 2.2 402 404 406 408
+ + + - 2
RM(D'1)+M(D")-m(D*) (GeV/c?) RM(r) (GeV/cT)

M = (4026.3%£2.6%£3.7) MeV/c?

I' = (24.8%5.7+7.7) MeV/c? _

>106 o(e*e— n (D*D*)*+c.c.) = (137£9£15) pb

o(ete— wZ.*— w (D*D*)*+c.c.)
o(ete— w (D*D*)*+c.c.)
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e*e'— 1Z,(4025) — m (D*D*)*+c.c. @ 4.260 GeV
PRL 112, 132001

N2y

4230 MeV

g )
o4y f_um .:5 1 _
L = Prelimina & 100 L
5 @ : - : :
e = v R 3
& 2008 . &
l] 4 i 44 2 ;A
a7 Hmsii*d’ﬂ?éﬂ Vi ﬂ*-“ MR J/y) (GeVic)) Pos ama 405 410 usmxir?:}wm"%ﬁ "”M;?ul;':[k:,'kz‘]‘ L
ete” = n-ntJ/Y ete” — 91/ ete” — mnthe ete” — 7971%.
: B comb.BKG  —data
3 : % | -« PHSP signal
25 BESII Raof BESIH
i il
20 g2
10f | 2ol
ED] 385 M([%D }d[:ﬁ 41 415 ) Eﬁ{n'] 113":3.!'?-':’} l
ete — n=(DD*)* ete™ - = (D*D*)*
Z.(3900)*? Z.(3900)%? Z (40202 Z.(4020)9?

Which is the nature of these states? Isospin triplets?

Different decay channels of the same observed states? Other decay modes?
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BESIII: Z, states

Z.(3900)*  3899.0+3.6 +4.9 4610 +20 mlly  eteontrdy
Z.(3900)° 3894.8+2.3+2.7 29.6+8.2+8.2 Py ete—mdnodiy
3883.9+1.5+4.2 24.8+3.3%11.0
Z (3885)* [single D tag] [single D tag] D'D*  e*e—ntDOD*
¢ 3884.3+1.2+1.5 23.8+2.1+2.6 DD*0 ete—gt*D-D*O
[double D tag] [double D tag]
Z.(4020)*  4022.9+0.8 2.7 7.942.7 £2.6 nth, ete—nwh,
Z.(4020)° 4023.9+2.2 +3.8 fixed n'h, ete—nnoh,
Z.(4025)* 4026.3+£2.613.7 24.8+5.6+7.7 D*D*- e*e—x*(D* D*)
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BESIII: Z, states

Mass (MeV/c?) Width (MeV) 44 | syl e

3899.0+3.6+49 46+10+20
TV 3894.8+2.3(Prel.) 29.6+8.2 (Prel.)
(D D¥*)* 38839+15+42 248+33+110
20 difference lo difference N
by 4022.9+0.8+2.7 79427426 %
4023.9+2.2+3.9 (Prel.) S,
(D* D¥)t 4026.3+26+37 248156177 g i /
lo difference 20 difference = @\H‘ T
Thresholds: b’
e DD*: 3875 MeV )
e D*D*: 4014 MeV DD*

Z. states @ BESIII:
e at least 4 quarks: charged
e near threshold predicted, undiscovered

e isospin I=1 0 I [ndi's)] | unprecicted, dicovered |

e are they one or two states 0~ 1= 1= 0= 1= o=
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BESIII: ete — @) (Yo — mha, KTK")  arXiv:1410.6538
1 bl @ E,,=4230 MeV

C.G; 161 F 100:

% 14§—i$§::|rit i . 80F

O 12E - - - Background fit . ) C

g 10§_IIISideband g :O 60:

S 8t e ~L 40

S 6 < 10 I

24 2 s o ¥

e 2 Rt R T O

W 955733 335 34 345 35 W P35 33 335 34 345 35 © 20F
M(z'n) GeVic* M(KTK) Gevie® B T S P

% 104 0.8 fb! @ E. ,=4260 MeV N -

%_ g_ @ cm — B'ES]H \'s (GeV)

° o o (' — axy) =

S o = g e (55.4%£6.0£5.9) pb @ 4.23 GeV

Z}g‘: '3;: ?% z21 o (23.7£5.3£3.5) pb @ 4.26 GeV

O 93555 335 34 345 35 U £35 53 355 34 345 35 Afinestructure at 4230MeV?
M(r*r # GeV/c* M(K*K) GeV/c?

e The mass of Y(4260) is very close to wy,; mass threshold

e Observation of oy, at 4230, 4260 MeV data Assuming

e No evidence of wy,, at 4360 MeV @Yo from a resonance:

e No evidence of oy, /oy, at 4230/4260/4360 MeV | M = (4230x8x6) MeV/c?

e Line shape seems inconsistent with Y (4260) I = (3811212) MeV/c2

e BW fitting: a narrow structure around 4230MeV. | > Q¢
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RYBESIIL: ee” — vxoy (X — vy, Iy — pip)

arxXiv:1411.6336

e Statistically incompatible with background (radiative up)

e Limited statistics

E., =4009 MeV

(3] E (2]
Quf o
Bk BESI | 3
o E (=]
T 8f Ay
['}] r ']
- oL -
c F c
[+H] (]
> 4AF >
w ji. i ! i

2 .:' i "<\

0 & J,..._..rﬂ" e ‘J'_‘-_J“_\ . l]l AR ] LL].LI.L[

335 34 345 35 355 36 365 23.7
M., (GeVic?)

“ E,,=4260 MeV |«
- —
> 12 -
> - BESI | =
E 10 - E
© - =)
- C -
-~ -~
] 6 [']]
e vl
c c
o 4, (]
> >
w4 17 Y LY 11}

27
0 :u“J..._..,JJJ““.-J"J.'.--. ol uluuL.,J“L.
335 34 345 35 355 36 365 37

M., (GeVic?)
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.35 34 345 35 355 36 365 37

. E.,=4230 MeV
| BESTH
i T
N

i e |
Fraryaryre 3'5“ ;J:’;é s (533;C%7

E.,,=4360 MeV
- BESTH

LT T

oy (Gevic?)

HHIQCD2015

e Simultaneous fit @ 4 E_,, assuming
Y (4260) lineshape for o(e*e” — yy,;)

30 — XCO Xcl

Events/10 MeV/c?
8

L 1 RN T S sl S SO W N W WA S |

336 34 345 35 355 36 365 3.7

M, (GeV/c?)
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[GRIBESIII: ete — vy (X3 — YIv, Iy — pip)
i arXiv:1411.6336

e oz(e*e” — yx.;) Born measured cross section

-~

_GB(e+_e' — _’YXcl)_

[
=
o

UP

. | %5(E"& — 1Xco)

=0

cl
o8(e’e - 11_) (pb)

-
5]
(=]

oB(e’e” — 1x_) (Pb)

100

50

oB(e’e” — vy _) (Pb)

o” compatible o ... BeH
with NRQCD thoretical -

predictions [ 5

[arXiv:1310.8597 0
4 4. . . . .
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r @ = - 1 1
(GEABESIII: e*e — nJly preliminary
1 bl @ E,, =4230 MeV 0.8 fb'l @ E,=4260 MeV
160 F —+— ee Mode 60 B —— e*e” Mode
< 1400 ! — Total fit < sl — Total fit
L - e Background fit o - e Background fit
% 120 C I sideband % C [ sideband
S._D 100 ;* s = 4.230 GeV S_D 40 E_ BES]H \Js = 4.260 GeV
S gob < 30F Preliminary
o C o C
B 60— B'ES_III _ 3 . ob
S a0l Preliminary = :
> - > r
W ook B w 10
8.2 03 04 05 06 07 08 0.9 8.2 03 04 05 06 07 08 09
M(yy)(GeVi/c?) M(yy)(GeV/c?)
220 —— u*u Mode 60 E —— ' Mode
< 200F — Total fit < r — Total fit
o 180 = H ------- Background fit Qo 50 :_ ------- Background fit
% 160 f_ I [ sideband % C q [ sideband
O 140F \s =4.230 GeV O 40— \s = 4.260 GeV
S 120F S ¢
S 100} S 30¢
§ BESI 2 5 BESIL
o 400 Preliminary | > 10b Preliminary
20 ;_ L TR VAP 2T 1’ vy s s L1 [T T
8.2 03 04 05 06 07 08 09 8.2 03 04 05 06 07 08 09
M(yy)(GeV/c?) M(yY)(GeVi/c?)
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[GEYBESIII: e'e — n/y preliminary

100 -BESTI —+ Belle
2 4 - Preliminary 4 BESIII(2012)
:% - N —— This work
> 60- Hz}h
) - 1
& 40— L *+
T - Tl H JF H
\ 20—
o =L L
@ o7 J( + %Jr 1 JDFJF+ 1 +Jf++
° - + T
-20;””|||||||||||||||I|||||||||I||||I||||I|
38 39 4 41 42 43 44 45 4.6

\s (GeV)

e good agreement with previous results and more precise
e Cross sections peaks at ~ 4.2 GeV
e higher energy points’ analysis on going
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BESIII: ete — 1n’J/y preliminary

1 — -1 —
1fb!l@ Ecm—4230 MeV 0.8fbl @ Ecm—4260 MeV
30 BESIT Z BESIT
NO | L NO 20_— | .
S | Preliminary S f Preliminary
= ] 0 st
o Tt o [
3 [ @ 10F
C - C B
¢ 10p- ¢
o T
| ! | |
0 0.9 0.95 o 0 09 095 1
Myr'm/yyn'n) GeVic M(yn*mlyyn'm) GeVic?
16 B
145 BESIT 12 BCSII
o, 12F 1 Preliminary % 10 4 Preliminary
> L S C >
o 10— o
= = 8-
w8 oo r
8 F 3 6
g 6F o T
g * g 4
oL i 0

I
w
o
o

. 3.1 5 3.15 3.2 3 3.05 L 3.1 5
M('T) GeVic M(I'T) GeVic
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(2] BESIII: e'e” — 1’y preliminary

BeST[ |

Prellmlriary

—
o

an

Born cross section (pb)
én

o
I'I"IIII'I'IITT'IIIT'IIITTIIIF'I

N
=)

475 43 425 43 435 44 445 45 455 46
Eom (GeV)

e first observation

e too low statistics to infer line shape but ¢ (e*te" — n’J/y) =
* (3.1£0.6%0.3) pb @ 4.23 GeV
e (3.9%£0.8£0.4) pb @ 4.26 GeV
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BESIII Inner Tracker upgrade

The BESIII CGEM-IT

The EU Framework Programme
for Research and Innovation

HORIZON 2020
") BESIIICGEM

A

Feb 15 - Mar 21, 2015 HHIQCD2015
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5] GEM: principle of operation

The GEM (Gas Electron Multiplier) [F.Sauli, NIM A386

(1997) 531] is a thin (50 ym) metal coated by a kapton foil

perforated by a high density of holes (70 um diameter,

pitch of 140 pm)

— standard photo-lithographic technology. " ' -

By applying 400-500 V between the two copper S|des an

] ~electric field as high as ~100 kV/cm is produced into the
/1 SONVFRSION . . - -

A holes which act as multiplication channels for electrons

produced in the gas by a ionizing particle.

Gains up to 1000 can be easily reached with a single GEM
foil. Higher gains (and/or safer working conditions) are
usually obtained by cascadlng two or three GEM f0|ls

AMALIFICATION

N Driftcathode | b
' T [ | | TRansFERR \,  DRIFT r——
l_ GEM 1 Tof-- _ﬂi__‘,@----------'
ol Nl 172 127 e R o Bottom ’ "'In‘,‘. TRANSFER 1 12(1) mm
Gl‘«:MZBT%:- ‘l‘p----------
A Triple-GEM detector is built by TEOMAI| ransrER 2 Iz mm
. . . i pr ) l."r'-l,....
inserting three GEM foils between two GEM3 w1 -
planar electrodes, which act as the AR .\couccm\ Izm mm
cathode and the anode. Readout FCE M n—

200pum  S00um
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5] GEM detector features

« flexible geometry — arbitrary shape: rectangular, cylindrical ...

* ultra-light structure — very low material budget: <0.5% X,/chamber

« gas multiplication separated from readout stage — arbitrary readout
pattern: pad, strips (XY, UV), mixed ...

 high rate capability: >50 MHz/cm?
* high safe gains: > 10*
* high reliability: low discharge, P4 < 10-*? per incoming particle

« rad hard: up to 2.2 C/cm? integrated over the whole active area without
permanent damages (corresponding to 10 years of operation at LHCb1)

high spatial resolution: down to 60pum

good time resolution: down to 3 ns (with CF,)
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4 CGEM layers at 13/15.5/18/20.5 cm from IP
Inside outer Drift Chamber
700 mm active length

Read-out A cylindrical
triple GEM

XV strips-pads readout 7 d"'-':-::"" ~ ~ Anode
(25° + 30° stero angle) 2mm™ @ ,’,—----.\ \\\ GEM 3
2% X, total radiation length 2n*;mmm\/ converson& oy, N, GEM2

In the active region including 3mm\/ ~ Cathod
atnoae

Carbon Filter shield _ _

The KLOE-2 Collaboration built the only
existing CGEM based detector currently
currently under commissioning.

Due to the operational delays of DA¢GNE, the
collider histing the KLOE-2 spectrometer,
the investigation of its performance is still
under progress.
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(<4} BESIII innovations w.r.t. KLOE-2

The innovative aspects are mainly related, but not limited, to the
following three items:

 the material used to give the mechanical rigidity to the
detector structure

(Rohacell instead of Honeycomb)
 the anode design

« the different readout mode, analogue instead of digital

Feb 15 - Mar 21, 2015 HHIQCD2015
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BESIII: a Rohacell based cathode (and anode)

Read-out

cathode structure layout

\nductioy,
— —
L NE P renstor TV A

AN SR il T
2 \/

2 mm

ersion &
o

12.5 um Kaptori

3 mm

| 1 mm Rohacell 31|

Rohacell is a very light material (density of 32 kg/m?3)
that will be replace the honeycomb in the cathode and
anode construction with substantial reduction of the
thickness of the detector.

# of X, for 1 layer 0.33 0.49
# of X, for 3 layers 0.99 1.47

This technique has been successfully tested by INFN
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A jagged-strip layout has been
designed to minimize the strip
capacitance:

jagged D,

o i

N@@

h (.4

N®

Feb 15 - Mar 21, 2015

¢5£] BESIII: anode design

~30% inter-strip capacitance reduction

compared
to the
standard
strip
configuration

C (pF/cross)

(=1
[=1
=l

XCvsYC

=
(=1
=1
5]

i

=
=]
&

I

D.CI45§------------E .............. PR SO F— A

a'simple -
* jagged

6 addition:

the ground will be =

kept at 2 —4 mm
from the strip
plane support
structure made of
Rohacell

U

XC vs GND

GND-distance (mm)/

35 4

HHIQCD2015
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(<] BESIII: anode validation and test

BESIII anode design validation in progress:

 Validations with Garfield j>
simulations (in progress)

amplification
simulated by

* Prototype beam test

Garfield

BESIII test
Forward chamber
Trigger
Beam i
1 Backward

'lv l Tracking Tracking
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The BESIII CGEM-IT

« The mechanical design account for: the mechanics of the interaction region;
the location of the frontend boards; the placement of the high voltage
distribution cards at the edges of detector.

« The radial dimension are limited internally by the beam pipe and externally
by the Drift Chamber and on the sides by the beam pipe supporting flanges.
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The BESIII CGEM-IT

Along the z direction the
available space for the CGEM layer 3
fronted electronics and ——CGENMTE

the utilities is limited by
a set of flanges that
holds the beam pipe.

CGEM layer 1

In order to free as much
space as possible the
mechanical length of the
three layers will be
slightly incremental with
the radius.

A compact mechanical interface, called ““service flange has been designed in
order to host all the utilities and to smooth the cable routing.

Feb 15 - Mar 21, 2015 HHIQCD2015
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42} The BESIII CGEM-IT: some detector details

Feb 15 - Mar 21, 2015

HHIQCD2015

Section of CGEM layer 2

cathode
Layer 2 is the first being
built; construction is in
progress.

The frontend electronics
cards will be located in
the dead space available
between the layers
outside the active area.

The outermost layer
frontend cards will be
located on a service
flange.
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¢5£] The BESIII CGEM-IT: a view of the detector

Complete 3D model
of CGEM-IT layer 2.

Feb 15 - Mar 21, 2015 HHIQCD2015
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2] BESIII CGEM-IT Front End Electronics

= Goals:
« spatial resolution ~ 100 um
 time resolution ~ 1 ns
« short dead time <1 pus
A new ASIC to perform Analogue Readout is needed!

= Design of CGEM-IT ASIC (UMC 0.11 um):
* inheriting from existing design (IBM 0.13 um)
« BackEnd design shared by several projects
« BackEnd porting to UMC 0.11 um in progress
 different input stage (suited for CGEM) to increase signal sensitivity
and SNR

= FrontEnd Simulations in progress:
* Input stage optimized to handle capacitance in the range 20 + 150 pF
« circuit tested with a delta-pulse and GEM-like signal
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Summary

* huge statistics:
* Jhy, y(25), y(1D)
o XYZ studies
* R scans

= near future:
 collect data at higher energies to complete scans
* higher luminosity expected from BEPCI|I
 analyse the full data samples
* many PWA to be completed

= stay tuned:
* many new exciting results on their way

= Room for upgrades and R&D:
« BESIII CGEM-IT
« ASIC R&D to perform CGEM-IT Analogue Readout

Feb 15 - Mar 21, 2015 HHIQCD2015
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Question time

HOMESTETNTI!

T s s A L . G
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Spare slides
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452] How to produce Charmonium states

Jy, w(29)
1. e*e annihilation (including
ISR/double charmonium)

Ol o

2. pp annihilation v Xcm M.
ﬁ g
% : 25
3. Two-photon process —— M. M(25)
_ yﬂg _ O'+, O++, 2++
b — S i g \|’1 XCJ, Tlc 1025)

4. Bdecays w< L 1+ o 0t

q i

mass (GeV/c?)

5. Charmonium transition e Rl
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BESIII data set

3.3 fb! for XYZ studies

| I I I I I I 1 1 I | | | | I I I I I I I I
3
10 ™ ¢ ® ° .
B 8 _
1_.---\ - . g % . —
0 S o
i o |
e S ™
- : < < |
=
S 10° S
£ : N, :
E ° o ° ®e o |
— o o o © o ®
S o o 10 foN
o0 (0) o O O« o ~n O ]
i Al o ™ < i
<~ oY < 5
1 1 1 1 I 1 1 1 1 | | | | | | | | 1 1 I 1 1 1 1 I | | | | I | |
3.8 3.9 4 4.1 4.2 4.3 4.4
Ecm (GeV)
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LI [ [T T T L I
{]..?__ __ -
i B A B ] o 200 +in%& —
a, i 1w i I w“f
% 0sf 1 3 S ]
n K = b -
T osk ik 1 E £ 100- J:r i il
I — = - i
S . S 5 i -
- i B A B b
0.4F - ++ﬁ wﬂ wﬁ*ﬂ# :
T I T ] ] T TR O I
3

0.4 0.5

0. " 06 07 R K A S R 0
M(y y) (GeV/ch) 10ym) (GeVic’y
" Jy—on, o

* select events outside ¢ window
* packground:
* low and mostly non-n background,
 estimanted by n sidebands (blue shadow)
= packground subtraction:
e In Bsignal = In Bdata_ In Bsideband
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600

400

Event/(0.002GeV/c?)
no
T 8' T T

1.02 1.04
M(K'K)(GeV/c?)

1.06

Event/(0.04GeV/c?)

(010

oL~

N 2_” - I2.5 |

M(K*K 1 n%) (GeV/c?)
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3

Event/(0.02GeV/c%)

1000

500

PRD 87, 032008

6
¢ 0 ﬁ
- : a
* E -
; % 4t
g., L
_ C
¥ L
."I-.-,-‘ £ 2_
. S v, %
~5
i T T 0II|||||||I||||I||||IIIII
0.5 1 12-5 o 1 2 3 4 5
M(r*nn%)(GeV/c?) MRy ) (GeV/ch)?
solid:

 background estimated from sidebands
dashed:

* inclusive Jhy MC samples
background subtraction:

e In Bsignal = In Bdata_ In Bsideband
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PRD 88, 032010

PWA of y(2S) — ppn
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0
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15 20 2

PRL 110, 022001

350
300
250 |
200 t
150
100

Events/{(36MeV/c3)

20 25

1 =ty
30

My GeVie?) - shaded:
background:
e continuum
e non-n°

Events/(32MeV/ch

]"rI.Fn..{{ }c\-.’f )

background

y(2S) — Jiy X , Jy — pp subtracted
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BESIII: n, parameters from y(2S) — n’h (1P), h. (1P) — yn.(1S)
PRD 86, 092009

Symmetric lineshape Belle
T ' T T T ' . .
e CLEO-c In yy production | vy = 1(1S):
X, INpAS) = mM(18) | L 350 Ne(1S) = KsKn
> >
% 12 é’ 300
9 i ‘I.E 250
E 8 £ 200
S | ] Ny a et g 150
I W S - u
8 N Asymmetric lineshape o
= b e iny decay grs
0.04 0.14 0.24 0.34 0.44 )
E(y) [GeV] Mass(KsKm) (GeV/c?)
The n¢ lineshape is not

~ 160——— distorted in the h,— N

'.‘15 ol < ¥Me « CLEO-c observe a distortion of i,

S 1of BESTIT lineshape in charmonium radiative decay

S 100 PRL102, 011801 (2009)

< | background

‘5 © subtracted * The lineshape of n, from BELLE Is

Q40 symmetric

20_
0 it AW, - « The abnormal line shape is also observed
W e 25 30 a2 in BESIII exclusive channels in y'—yn,
M(hadrons) (GeV/c?) but not in y'——nlh,, h.—yn,
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Hadronic exotic states

* Experiments :

— Hadrons are composed of 2 (meson) or 3 (baryon) quarks m ?
— Described very well in quark model (QM)

8
« QCD suggests: s§1vd u d
QCD sugg P SO &5,
— Confinement : stable hadrons need to be colorless
dibaryon pentaquark glueball
— Gluon-gluon interactions : hadron with gluons
hybrids and glueballs) could exist C "\
(hy g ) Vu @ @
— Allow hadrons with N ,n#2, 3 (multi-quarks)
diquark + di-antiquark dimeson molecule q q g hybrid

Can we find evidence for these interesting exotic hadrons?

A long history of searching for the exotic hadron,
no solid conclusion was reached in past a few decades,
some hints on charmomium-like and bottomnium-like particles, recently.
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Exotic Meson (Charmonium-Like)

Molecular states:
« Loosely bound states of a pair of mesons,

@ * bound by the long-range color-singlet pion exchange,

« weakly bound, mesons tend to decay as if they were free.

Tetraquarks:
* bound states of four quarks,
e C * bound by colored-force between quarks,
.u « decay through rearrangement,

* many states with the same multiplet, some are with non-
zero charge, or strangeness

Hybrids:
* bound states with a pair of quarks and one excited gluon
C'Y*ﬁ”?“e « Lattice and model predictions for lowest lying charmonium

hybrid m~4200 MeV
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BESIII: e*e” — m*wX(3823) — w*wyy,,  BESII preliminary

* Reconstructing y.; , — vy — vl
 Consider recoiling mass against the n*n system: M(xt*r)
In 5 large data set: total luminosity ~ 4.1 fb!

E.,=4.23 GeV E. ,=4.26 GeV E.,=4.36 GeV
_aof —————— HMRARL MRS A HERE j
© f. .t SR | S SR SO | SR S -_lla_ e
Sesf U - TR AT TS A R T R
S e T RN | S S AU O | S « o]
1;3? 1; . "'F""I-"hr. XL o N -:. i‘.i? f_'..:',_. . Aar 1_.# h”.t“l -
5 o - . [ [ . ® i i |
Jos (R | S A A T T T
= feo . : ) | | |
35 . X - hd ' - e -
= ; 1 ) | -] 1 L] :" L B ]
< 2% BN { o Xi3823]
S aafe e g R
S |, ' Mo 4 . . .
BT et adeghlts wad et JEWIZS) TGS T ee 11T
e | . . . . *
§36f | § S : g p
= | r : : ] o K 0 e
35 . L .j..l..:..l_'_l...lrl..l-.l..:..l- T I P T
3.45 3.5 3.55 3.6 3.45 3.5 3.55 3.6 3.45 35 3.55 36
MhrHwa} (GeV/c?) M(-rHJhp) (GeV/c?) M(y HJhp] (GeVic?)
E..=4.42 GeV E..,.=4.60 GeV Sum
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Z. states

The most promising way to searching for the exotic hadrons

e Decay into a charmonium or DD pair

Cannot be clearly
distinguished.

N

e Observed in final states : | o e—

distinguished

— thus contains hidden-cc pair

Charmonium
(quark-antiquark)?

e Have electric charge,

— thus has two more light quarks

At least 4 quarks, not a conventional meson

— m=dhy, Ty(2S), nth,, T, (DODM) .
e Experimental search:
— BESIII/CLEO-c : ete——n* +Exotics, ....
— Belle/BaBar  : efe—(y,sg)m+Exotics, ....

— Belle/BaBar/LHCb: B—K*+Exotics, ...
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80f
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-+-daxn

==PFHEP MG
—Z,(3000) MC

[[]sideband

Events / 0.02 GeV/c?

BESIII: e'e —» atndly

Is it a real signal?

100E +dam
i == PHEP MC
sol- —Z,(3000) MC
i [ sideband
60 H
4o -
20

M(mJly) (GeV/c)
HHIQCD2015

.03.2 33343536373839 4 4142

Events / 0.02 GeV/c?

PRL 110, 252001

Is it due to n*n~ S-wave states, like o, 1,(980), ...?
Is it due to n*n~ D-wave states, like f,(1270), ...?
Are there two states, one at 3.4, the other 3.9 GeV?
Exist in both e*e” & ' samples?
Exist in both w*w~ low mass and high mass samples?
Background fluctuation?

N
N
N
Y
Y
N
e
=
6ol
U rﬂﬁHMﬂw
20F |7 A o it +
02704 05 08 1 12 14
M@) (GeV/cd)
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BESIII: e*e— 1Z,(4025) — 7 (D*D*)*+c.c. @ 4.260 GeV
hep-ex:1308.2760

e 827 pb data at E),=4.260 GeV
« Tag a D* and a bachelor r-, reconstruct one =° to suppress the
background.

Topology of the decays of the signal process:
« thick line circled: D* and &~ detected in the final states
« dashed line circled: at least of =,° or x," tagged
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Events / 6.7 MeV/c
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BESIII; e*e'— nZ,(4025) — 7 (D*D*)*+c.c. @ 4.260 GeV

' R
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hep-ex:1308.2760
- (b) " +Data
Weignar
removed l
—
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DD, DD*,

D*D*,
DsDs, ...

201

2.02
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BESIII: Z,(4020)=2,(4025)? PRL 111, 242001
hep-ex:1308.2760

120-_ -~ Data
@100:_ — Total it M(4020) = (40218i10i25) MeV
Z s msunda | M(4025) = (4026.3+2.6+3.7) MeV
= I'(4020) = (5.7+3.4+1.1) MeV
g 401; H, ['(4025) = (24.8+5.7+7.7) MeV
@ T B
= 20k Close to D*D* threshold (4017 MeV)

Mass consistent with each other
but.. width ~2c difference

c ———
n
=
(-1
f—

e

Interference with other amplitudes
may change the results

Coupling to D*D* is much larger
than to rh, If they are the same state

BESIII preliminary
The Zc¢’ 1s found!

e Wil fit with Flatte formula
RM(r) (GeV/c® HHIQCD2015 117
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4] What is the X(3872)?

= Mass: Very close to DD* threshold =~ p—— Belle. 2003

: ol 140/fb
= Width: Very narrow, < 1.2 MeV : ]
= JPC=1**  [LHCD]
= Production

« in pp/pp collision — rate similar to charmonia
» In B decays — KX similar to cc, K*X smaller than cc
* Y (4260)—y+X(3872) [BESIII, preliminary]

= Decay BR: open charm ~ 50%, charmonium~O(%)

= Nature (very likely exotic)
« Loosely D°D* bound state (like deuteron?)?
» Mixture of excited ., and D°D*® bound state?

* Many other possibilities (if it is not ', where is y'.,?)
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The ISR Technique
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ISR at BESIII
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ISR: Physics motivations

[ @. \
N\ kat

@ Existing results, obtained by BABAR (ISR), show interesting
and unexpected behaviors, mainly at thresholds, for

@ Only one measurement (FENICE with energy scan) for

ete~ — nn

There are physical limits in reaching the threshold of many ofJ

these channels via energy scan (stable hadrons produced at
rest can not be detected)
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d?c
dE, do-, = W(Ey,0+) - 0ete— s x,04(5)

a [2—2x + x2
.« WEy 0,) = 2 (—)

X sin? 9.,

Xhad momentum

...CM ~ energy, scatt. ang.
CM ete— energy

Advantages
d All energies (g?) at the same time

I

Better control on systematics
(e.g. greatly reduced point to point)

J Detected ISR => full X}2¢4 angular coverage

at threshold € # 0
energy resolution ~ 1 MeV

d CM boost = {
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ISR Luminosity

dL 2 cos 9"““
e
dq Ecm cos 9'“'“

total luminosity
W(E,, 6-)d cos 6., ' geom. accept.

o ! i
el L
SEI At threshold Z
-t q = 2Mp Q&”-”
T e
= >
i w
7 A
8 4 Q
g: / A
= 5
2 / Aa‘»ﬁ'
. P
Z //
0 2

0 30 40
Time (Month)

ISR ~ detection + 0° X 2.5 and X5

and

No ISR ~ detection in statistics

:;)- :;)-
energy background
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ISR angular distribution
peaked at low angles

dN/dcos 0~

—
L=
It
I
I

2
dN 1—coso 5

dcos6., (’1 _p2 0052&1)2

Be = \/1— 4m3/EZ m,
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3 W E. , =10.6 GeV
~ |t O E; ; =3.1 GeV
E

2

=

g

""" (] Ec.m.=1.02 GeV

0 10 20 30 40 50 0 2 4 6 8 10
H,T'“ (degree) 9'_‘;“ (mrad)

With ™3 _— 3 mrad more

With a typical 67" = 20°
statistics than at wide angle!

~ 80% of events is lost!
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BESIII Zero Degree Detector

© J/Wv, v(2S), ¢/(3770) resonances decay with high BR’s to final
states with 7° and ~¢s (final state)

© At BESIIl these decay channels represent severe backgrounds for
typical ISR final states with ~,5 detected at wide angle

-® =0 and final ~ angular

distributions are isotropic A zero-degree radiative

photon tagger will suppress

-® ISR angular distribution most of these backgrounds

is peaked at small angles

A new zero-degree detector (ZDD),
has been installed on summer 2011 at BESIII
to tag ISR photons
as well as to measure the luminosity

Feb 15 - Mar 21, 2015 HHIQCD2015 125



