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IHEP, Beijing

~13 km due west of Tiananmen Square
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BEPCII

Two-ring, large crossing angle, multi-bunch, high-current

Feb 2014

Z.oom into the IP

I
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- Design -
Beam energy:
1-2.3GeV
Luminosity:
1x10% em?s!
Optimum energy:
1.89 GeV
Energy spread:
5.16 x 104
No. of bunches:
93
Bunch length:
1.5 cm

Total current:
091 A

SR mode:

0.25A @ 2.5 GeV
5



B E SI I I 53 institutions total

22 outside China

RPC: 9 RPC: 8

Electro Magnetic

Iayers Calorimeter ayers

SC
Solenoid

Barrel
ToF

Endcap
ToF

SC
Quadrupole L

| = E) E—— Eedbe—re——adbee—n

Wire tracker (no Si); TOF + dE/dx for PID; (@@#EN: RPC muon
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ete- & Charmonium

Direct, high-statistics production of J*'¢= 1~ charmonium

J/v g [#1L; =35, states]
also: (3770)* Y(4260)

O.¢ ~ 2500 nb for J/p; ~4x smaller fo=

Depends on beam energy spread
( BEPCII a bit narrower than CESR-c)

Radiative (y, n?, & ;, n ) transitions
give access to other states:

Xc] hc ¢
3P0,1,2 1Pl IS0

( more on (3770) & D physics later )
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Physics Runs

July 2008: First collisions w/ detector in place
New BEPCII accelerator & New BESIII detector

2009: First physics data

Many machine studies, brief physics runs

2010: First publications
3 papers in 2010 ; increased to 25 in 2013

2010-2014:

“Standard” physics runs
About 6 months, starting ~Dec. of previous year

Peak Luminosity: 0.7 x 103 (70% design)
lower currents than design...
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Data Sets

1.3x10° Jhp 2009 +2012 [ 2009 only: 0.225 x 10° |
04x10° v 2009 +2012 [ 2009 only: 0.106 x 10°]
2.9 fb1 @ y(3770) 2010 + 2011 D pairs
0.48 fb-1 @ 4009 MeV 2011 D, pairs &1

1.92 fb1 @ 4230, 4260 MeV 2013 )
054 fb1 @ 4360 MeV 2013 >
0.46 fb1 (total) @ 9 other energies 2013

Also, T threshold mass scan

2014: discussed @ end of talk...
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3.4 fb1 @ “high E”
(incl. 4009 MeV )



Breadth of Physics

61 published / accepted papers, + 6 advanced drafts

Feb 2014

( My personal classification )

new low-energy resonances (incl. one null search)
n, M (a,-f,) decays (mixing)

XYZ states
P(3770), ¥(4040) decays

JAp, ', %y hadronic decays

Jhp, ¢, g radiative / 2-photon / rare decays
h.,m.,n.” decays & parameters

¢’ — JAp hadronic transition

D physics
Luminosity, # JAp, ¢’

Briere / BESIII / KEK FF Workshop
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Low-E Resonance Gallery

No time to discuss today!
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4) - N(940) (b) G | n
- —NA7R0) > | 5) (d) «300F T T T
4 —— N(2300) (%) I 000
= 10 .- N(2570) 7 gzoof h+ 2’250:* 6)
= s | } -
é o 1 s | it . %200;—
% Li'|100:— +IT+* E150;—
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e . - e 50F-
D P M, s(GeVie? » ’ 2 + I.24'5I_ 3 '2 Ol 1181|9r:; 21
pri(GeV/e?) M(K'K ) (GeV/c?) C Nae) Govier
1) pp"™ in Jp — ypp™ CPC 34, 421 (2010); PRL 108, 102003 (2012)
?) - in Jy — ymx*xm’  PRL 106, 072002 (2011)
3)na*m in Jy — onx‘x  PRL107,182001(2011) NOTE:
4) pa° in ¢’ — ppra’ PRL 110, 022001(2013) There are many resonance and PWA papers
5 w¢ in Jy = vyod PRD 87 032008, (2013) from BESIII ! My goal here was to highlight
6) 3(n*w) in JAy — y3@'w)  PRD 88, 091502(R) (2013) the new, unexpected peaks only...
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Open Charm Physics

Overview of D tags & Key Topics
D* — uv

DY — wev, Kev

Strong Phase 0y,

D* — K¢t *

*Actually, more of a taste of our
broad hadronic physics program

Feb 2014 Briere / BESIII / KEK FF Workshop 12



D Physics @ y(3770)

Only D pairs: no phase space for even one extra pion

Reconstruct one D in a set of hadronic “tag” modes:
Reduces backgrounds
Find the other D’s direction ( produce a “tagged D beam” !)
— can now solve for a neutrino 4-vector, if needed...

“Familiar” tag variables (also used in B physics)
Conservation of momentum & energy
Mbc = (Ebeam2 - pcandz)l/2 AE = Ecand - Ebeam

“cand” is the candidate D: a sum over decay daughters )

Measure (# tags & signal) / (# tags) :

tag-side efficiency mostly cancels; tag systematics cancel

Feb 2014 Briere / BESIII / KEK FF Workshop 13



B Physics & Small CKM Elements

Usefulness is limited by theory

d S b
u 1 A AN (p-in)
C -\ 1 AN2
+ -AN? 1

Measure from
B°-B° mixing

Feb 2014
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Measure from

B decays
Ue
4’: et
b';" cu
a:i:1313111:33?1313231:25251515251525251515151EiEiE1515251525251515251525%51515151515 a
B D,x

Note the QCD “fog”
(Isgur's "brown muck”)
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Flavor Physics Connections

D?, D*, D.* “golden mode” Branching Fractions

Hadronic: Help normalize heavy flavor physics (base of unitarity triangle)

e.g. , HQET-based V ,, involves D BF’s
[ Systematics limited after CLEO-c; lower priority to check... but working on D* BF’s ]

Tests of Lattice QCD  (or V_, V_ using LQCD )

Leptonic: D*, D, — v, tv decay constants
BY% B decay constants enter in BB mixing
Semileptonic: D - K1v,nlv form factors
Exclusive B = w1l v also involves form factors

Strong Phases

Quantum Correlations: allow access
Improve & control systematics on CKM y/ ¢, extraction

Interactions with all four small CKM elements accessed with B’s
Plus, two more which are directly available in charm decays

Feb 2014 Briere / BESIII / KEK FF Workshop 15



Leptonic
D Decays

f; is the decay constant :
“Chance that quarks overlap”
oc | Y(0) |2 : square of wave-

function at origin

Decay constants also in Box Diagram
(W “exchange”: really ~point-like four-fermi )

Semileptonic
D Decays

Physics is all in the

form factor:

“Chance c,qbar quarks bind”
into final state K,

Similar form factors
in semileptonic B decay

Feb 2014 Briere / BESIII / KEK FF Workshop 16



+ —_— BESIII 2.9 fb'!
D MV arxX1v:1312.0374
Subm. To PRD
Uses 9 tag modes ( for reference, CLEO-c used 6 ) o 20

Even includes Cabibbo-suppressed modes !

K-n*m*
10000 (a) ol (c)
M_ m_
N\ ~eat N | Signal side: ONE track !
152 18 18 188 182 184 136 138 1% 18 1% 1%
*nffBC [GE‘:‘T;’CQ] AnffBC [GEV;’CQ] ﬂ’fBC [GEV‘({CZ] VetO on eXtra tI'aCkS,
2 o o and un-matched showers
§ s K@) T Kraale) with E > 300 MeV
m 1000
© |
,E , | Reconstruct “ MM2”
Z 1B T8 m’r 1'% 182 18 186 ﬂsg 1 T8 18 f.kg — (missing-mass)z
AHBQ [GE‘-‘J ;"C ] ﬂrfﬁc [GEV;’C ] ﬂff}gc [GEV‘/C ] bl . t t . .
0 - . presumably just a neutrino:
oo K570 () Kt . signal peaks at 0
00 |
157 181 1% 1;3 R 1553 R TR AT

Mgc [GeV/c?]  Mgc [GeV/c®)]  Mgc [GeV/c?]
Feb 2014 Briere / BESIII / KEK FF Workshop 17



Dt — uv BESIII 2.9 fb!

arXiv:1312.0374

Subm. To PRD
10° = missing
8 - / K; peak
Clean Signal | £ 10% : {._ﬂﬂu'-"w""‘..
(log plot!) [=——F !
L 10
EE
> N
1E
101
0.2 0 02 0.4 0.6
Result: M3 [GeV? /e

377.3 £20.6 + 2.6 events above background
B(D"—=uv) =(3.71+x0.19 £ 0.06 ) x 10*

Combining with V4, G¢, Ttp, mp:
f, =(203.2+53+1.8) MeV (£2.6+09)%  most precise !

previous best:  (207.6 + 9.3 = 2.5) MeV ( CLEO-c, tv floating)
(205.8 £ 8.5 = 2.5) MeV ( CLEO-c, including tv fixed to SM ratio )]

Feb 2014 Briere / BESIII / KEK FF Workshop 18



D° — Kev, mev

Use 4 hadronic tag modes

J ’\—

Signal side:
two tracks, e & K/xn

Signal variable:

U= Emiss ~ Pmiss
(peaks @ zero, similar to MM?)

)
=

o -
S T Ke'U A BESII Preliminary
%_Cﬁmn;
5000 l'«.lﬁiE = 18460+/-143
1000 | 'II"\;
j y
: _;_P"'r ""‘.;____-“_‘_
Y S (T T WE “u:
DO->Kev
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D° — Kev, mev

* Points: data with stat. error only
* Curves: from Fermilab-MILC within one stat. error,
preliminary, arXiv:1111.5471 (XXIX International

Symposium on Lattice Field Theory);
* QOther theoretical work: HPQCD, arXiv:1111.0225
* Comparing shape only here (f,(0) not known)

BESIII 0.9 fb!
CHARM?2012
arxiv: 1207.1171

Slide directly from
CHARM2012,
for illustration

No attempt to update
Lattice QCD...

= L 2.5 E
I_-I'-'I-— i ) __.-[ : ) )
- BESHI Preliminary T B BESII Preliminary
1.3_— . 2_—
12f , {' Form [
L e Factors'°[ P
: Y4 f(q®) I .
3 & 1 -
u P - T
- Az 05
U.E:—w--ai" B
: _I 1 1 1 I 1 1 1 1 | 1 I 1 1 | 1 | 1
101 I i I 111 I i1 | |- | [ | | I i I 01 | 1
07 "2 04 06 08 1 12 14 16 18 K 0.5 1 1.5 2 25
D ql.'IGﬂI"u'r‘ I:I JLae
D> Kev DO—=> rev
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BESIIT 0.9 fb!
CHARM2012
arxiv: 1207.1171

D° — Kev, mev

Numerical results
Only 1/3 of current data !

BESII Preliminary

Mode

PDG CLEOc

measured branching fraction(%)

DV s Kte

DU mre iz

3.542 £0.030£0.067 3.55 £0.04 | 3.50 =0.03 £0.04

0.288 +=0.008+0.005 0.280 +0.008|0.288 +=0.008=0.003

Feb 2014

BESII Preliminary

Simple Pole
D" - Kev

DY = mev

f— {[}”1 -."df.n'. ]
0.720+0.005+£0.007

0.142+0.003+0.001

Mpole

1.943+0.025x0.003
1.876=0.023+0.004

Modified Pole

DV = Kev

n{} — eV

F+(0)[Vaigs)
0.7250.006+0.007
0.14040.0030.002

¥
0.265+0.04540.006
0.315£0.071£0.012

2 par. series
DY = Kev

DY — mer

f—{U}“‘cdr_.-u
0.72640.00640.007

0.1404+0.00440.002

ri
—92.03440.196+0.022

—2.117+0.163+0.027

3 par. series
D' — Kev

D' = wev

0.72040.008+0.007

0.144+0.005£0.002

i
—2.17940.3554+0.053

—2.72840.4824+0.076

™

1.53048.027+1.103

4.194+3.1221+0.448

Briere / BESIII / KEK FF Workshop
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Strong Phase Oy, BESIII 2.9 fb

Preliminary

'

: : (K| D®) _ '8
A simple picture: = rp.e'
( simple = no mixing ) (K"wﬂ) Aﬁn K CF =DCSD

<KTT|DcPi>=(<K?T|Dﬂ)i(K?T|FD/‘/§ — \/EACPJ; = Agn + Ay,

|Acp—|? — |Acp+|?
2T COSOkm =~ AcPpokm =
i i T |Agp-|F + |Acp )P

__ Br(D¢p_—Km)-Br(Dcp;—Km)
"~ Br(Dep——Km)+Br(Depi—Km)

+ Measuring 3, from rate differences if using external r,
4+ Reconstructed modes:

4+ Flavor tags: Kn*, K'n

+ CP+ tags (5 modes): K'K*, n'n, Kon°n®, n°n?, pOn®

+ CP-tags (3 modes): K2n% Ko, Ko

Feb 2014 Briere / BESIII / KEK FF Workshop 22



Strong Phase Oy, S

Preliminary
4+ Signal reconstruction: Slngle Tags
+ Single Tag (ST): CP tags o b o1
gle Tag (ST) g 5‘915000__ KK |
4+ Double Tag (DT) : Kn + CP Tag :
+ Kinematic variable: Beam Constrained Mass (MBC-F—mﬂOﬂ:' .
+ Singal shape: c®MC-truth Esnon;pre"mmc ry
4+ Background shape: ARGUS function = : J t
> 0=
L

_ MEnpcP:r  EcP+ 184 186 188
4+ Br(Dcp. » Km) = : Myc(GeV/c?)
BC
Ncp+ €Km,CP+

+ Ngqcp+ and ngpy are event yields for DT and ST Double Tags
from MBC fit 4000 ———————
+ exncp+and gcpy are detection efficiencies of DT :‘: [ Kn, K'K '

and ST from MC simulation E o
+ Most systematics cancelled for ratio ecp./ £xp CP_WWG prelimin

Eventsf

O~—T83 186 1.88

BES lll preliminary: M...(GeV/c?)
BC

+0.33
Acpokn = (12 77 + 1.31(Stat. )_0 31 (sys. ))
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Strong Phase Oy, BESIII 2.9 fb

Preliminary

4+ If we don’t ighore the mixing effect

+ ZTK?I COS SK‘R' + Yy = (1 + RWS) ) AC‘P—>KH
]_— D0—>K+ — , 2-_|_ 2
*Rws = Fgﬂﬂ—m—;% - rKZ“ TTgny + : 2.‘? )

4+ External inputs from HFAG2013 and PDG
+r 2 =0.347 £ 0.006%,
+y=0.66+ 0.09%,
+Rys =0.380 +0.005%

+ BESII preliminary results:
cosO0k,=1.03+0.124+0.04 + 0.01

(Uncertainty is dominated by the statistical error.)

All 6, slides courtesy of Yangheng Zheng, CHARM2013
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Other Quantum Correlation Work

Coherence factors: feed into CKM y/¢, B analyses
( the “alphabet techniques” : GLW, ADS, GGSZ, ...)

KS i) Al A most advanced: binned analysis (“CLEO-style”)

K-n+nf } likely to pursue both model-ind’t analyses,

o Al Al A and also detailed Dalitz analyses

+ other modes (e.g., Kn'ntn~ & K;K*n~ have been done by CLEO-c )

Mixing analyses: statistics-limited at y(3770)
( Too bad: neat effect @ y(3770) where DCSD cancels for conjugate final states )
Luminosity x cross-section much higher @ B factories, LHCb
But... We do have a yp analysis in the works

Feb 2014 Briere / BESIII / KEK FF Workshop 25



8
g

16000

Events / (1 MeV/c?)

10000

5000

D* — Kr*a° Dalitz

Good channel for Ksn’ S-wave studies

Signal via Recoil Mass :
* Constrain K z*n’ to my,

e 4 vector of efe and D

give recoil mass

m,.. (GeV/c?)

Other projections
are dominated by
“cos? shadow” of p

Feb 2014

w0 (GEV/C?)

2
T

BESIII 2.9 fb!
arXiv 1401-3083
To appear in PRD

Resulting Dalitz Plot :

1 1 1 1 1

2
m2, , (GeV/c?f

.
m2, , (GeV/c??
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)

150001

05 GeV¥c

10000

Events /(0
3
S
I

-

(b)

. | p resonance
is dominant

'-p. .\
Y R -
m2. . (GeV/c?)
8000}
— I s {j
=
ST (d)
> 6000 %
O] .
o 1]
2 4000 *
ST N -
w0 : q‘b ";' .
T 20000 g .
Er I .
_I I I I I I I I I I ..L
0 3 2 3
mﬁgf (GeV/c??
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D* — K*nP° Dalitz

“Model D” Fit :
* Try many resonances
* Drop insignificant one

e Contains K &t

(kappa)

and non-resonant

-E ;# c) #A}
= A 4 iy - Y
8 M R "t B
© sood
3 !
8
& L
2ol N
o C %, o
g I et
iy

1mz,qn,, (Ge‘u?':.-'uzf
Feb 2014

BESIII 2.9 bl
arXiv 1401-3083

— Total S48

—-— All coherent (S
---- Background (B}
--— MR

..... porTon

--- pli4sm

—-— Kpe2®

- K 1430°

3 - - K (1ga0®
S —— w800}

Events/(0.05 GeV?/c*) Residuals

15
m2_, (GeVic®?
s i) @,
T '++?'¢,;#3M'~M
& o §
*
3
g
a8
=]
'l
£
o
g - .:;,.'.T.'E"‘--_'=-,----_..;:;.,..;_d;_ -
1 2
s (GeV/c®

To appear in PRD
Decay Mode Par. Model [
MNon-resonant FE(%) G.1+0.49
(") 7646
K2p(T70)* FF(%) 82,9439
&(°) 0 fixed)
Tp(1450)7 FF(%) 3.65+0.28
(") 183.7+2.6
K (892)"x FF(%) 3.38+0.16
(") 202 2+1.3
K (1410)"7 FF(%)
B °
K5(1430)"7 FF(%) 3.7+0.6
(") 33045
mass{ MeV) 147016
width{ MeV) 18T+7
K3(1430) 7 FF(%)
(")
K (1680) "7 FF(%) 1.05+0.00
B 255.3+2.0
K5(1780) 7 FF(%)
B(")
o FF(%) 6.4+1.0
B(") 0247
R(MeV) 750415
¥ MeV) -230+21
NR+®x1 FF(%) 102+1.8 €¢—
Ka2x" S-wave FF(%) 17.14+1.4
YFF{%) 105
v /Ndof 20681193
—2In £ 230807

Briere / BESIII / KEK FF Workshop

27



Dt — Kgw*n® Dalitz  msmzon

arXiv 1401-3083
To appear in PRD

We also perform a Model-Independent Partial-Wave Analysis (MIPWA)
for the S-wave Kn components : non-res. + ¥ + K';(1430) )

B o Binned S wave w/o K*(1430) (MIPWA)
m B X pole + NR (Model D)
Reduces model-dependence § 5 | - _ Ssmunt e me,
= | e K,*(1430) BW (Model D and MIPWA)
(always a problem...) > - —-——— R pole (Model D)
Extract amplitude & phase £ 10
of S-wave Kt in mass bins £ -
~— 5—
=
. 200~
Conclusion: -
Inclusion / omission of _ 100m __,.""/h
* Q - e
the K',(1430) resonance T e oM
affects high-mass shape, e o
° () () m B
but always significant B
phase motion at low masses 100~

(i.e., the x region )
Mass(Kn) (GeV/c?)

Feb 2014 Briere / BESIII / KEK FF Workshop 28



X, Y, Z Physics
Recall the Y(4260) ...
Z.(3900)* — Jhp =
Z(3885) — (D*D):
Z.(4020)* — h_
Z(4025)* — (D*D*)*
Y(4260) — y X(3872)

Tetraquarks? Hybrids? Molecules? = = = no matter: FUN !!!

Feb 2014 Briere / BESIII / KEK FF Workshop
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Y(4260) Data

2013: Large dataset at Y(4260)

7 B | | | | | | | | | | | | | | | | | | | |

N /P ¥(25) W C ]
6 [~ A Mark-1 . —
Mark-1 + LGW | ]
5 - m Mark-II Do Y010 .. |
4 :— ¥r Crystal Ball | +1 Lk | ]
B |+ BES | * M - ’: Y ]
3 || el W w ‘WT . LA -
- { } % _ - .
2 :_7:_ *_i.["_} A ]_‘ + E’ t + T _:
- .'|3 | | | | 3{5 | -=|1 | .I I.I | 4|.5 | | | | _5
@ dip in 0, !
Total charm cross-section @4260: ~4.3 nb ( CLEO-c scan )
ete” — Jp 7 7 cross-section @4260: ~ 70 pb (BaBar/Belle )
PDG Y(4260) data: I = (95+14) MeV
F]/wmc Fee/ r — 5.9 +1.2 0.9 ev
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Y(4260) — n & T/

Study 525 pb-! collected at E_, = 4260 MeV ;
look at well-known J/ «t = decay of Y(4260)

Jhp di-lepton peaks:

Pair-wise invariant masses:

% 1001 +om
= o — Z.(3000) MC
8 80 * { { [ sideband
S eof * }
S r
@ 40__ F L ]
g ™y
© o20f f i
LU Fooa
3.2 3334353637 3839 4 41 4.2
M(z+Jd/y) (GeV/c?)
Feb 2014

Events / 0.002 GeV/c?
3
RAANAERIRAAN LA RN LRAY

32

M) (GeVic?)

31

1001
801
60

401

Events / 0.02 GeV/c?

20

g.2 3334353637 3839 4 4142

(of wxJ/y)

* —Z.(3000) MG
M sideband

M(rJhy) (GeV/cd)
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Events / 0.002 GeV/c?

Events / 0.02 GeV/c?

BESIII 525 pb!

PRL 110,
252001(2013)

1200 +oue

1000 |1 ook

w-  ee |l

B

4_(}_

20 o

120

100}

80F
B80L

40F

20

8:

—~+data
e
[ sideband * *“‘ *
A
hi o ﬁH %ﬁ.
I;f-* Byl )
0.4 06 0.8 1 1.2 1.4
M(r*r) (GeV/c?)
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Shift focus ! — ZC-I- ( 3 900) BESIII 525 pb'!

PRL 110,
252001(2013)
Peak(s) in J/p  masses: Structure in di-pion mass:
really only one (next page) well-modeled via
in both & charges £,(980) + o(500) + non-res.

not due to t ;t structure
(not even if D-wave 7 wt)

100f 100f +pata

Events / 0.02 GeV/c®
Events / 0.02 GeV/c®
Events / 0.02 GeV/c®

80
60
a0p
20
9

or ol
sof }iﬁ*‘ﬁ} m ﬁﬁﬂ*ﬂh{_
9

: y
23334 3536373839 4 4142

M(x*Jhy) (GeVic?) M(rJhy) (GeVIc?)

Now, red curve is MC w/ & &t structure
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ZC-I- ( 3 900) BESIII 525 pb-!

PRL 110,

252001(2013)

Dalitz Plots

Two stripes in J /¢  mass

one is a reflection of the other:
correlation in two J /1 m axes

Fold over Dalitz plot !
[ plot “M,,.,(J/ v )" ]

l l high in one <= low in other
o - o~ 18 10
o M T
o 12F 1 D 161
Q ik S 1
" ) = o= 1 = 15E
=4 C ey L E
o 0.8: el 1 3 14E
g R, 10 B -
R 0.6 B =
= S < 8E 10"
0.4:— - 12;—
- .. L W ERmEazo,, C
020 mdl = o o 102 3
0_||||I||||I||||I||||I||||I||||I||||I|||| 1U_||||I||||I||||I||||I||||I||||I||||I|||| 10-2
0 11 12 13 14 15 16 17 18 0 11 12 13 14 15 16 17 18
M?(n*Jly) (GeVic?)? M?(n*Jly) (GeVic?)?
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ZC +(3 900 ) BESIII 525 pb!

PRL 110,
252001(2013)
Fit To: .ooF pupw
S-wave BW + MC resolution 2 0 I
+ empirical background 3 r f e
function (4 parameters) S 60 1[ B s
[ o] L
P 1'-“]_— bl Lori
3 o1
L% Eﬂ=' 5-"-.
:' 4

3.7 38 39 40
Total rate: Muax(m=Jiy) (GeV/c?)

ete” — m xt ] /1 Born-level cross-section = (62.9 +1.9 +3.7) pb

Consistent with Y(4260)
Z (3900) peak in " JAp :

M=(3899.0+3.6 +49)MeV T =(46+10<+20)MeV

Fractional rate of Z_*(3900) peak :

— + — .
R = e ey = (215£33275) %
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BESIII, Belle, NWU

We present :

-
=
=]

7

Events / 0.01 GeV/c?
= % &

=]
F a [ TTTTTT T T

Feb 2014

BESIII Z_*(3900)
PRL 110, 252001 (2013)
—+— Data
d % -
FPTY

37 38 39 40
Mmax(m=J/y) (GeVIC?)

Events / 0.02 GeV/c?

Belle Z_*(3895)
PRL 110, 252002 (2013)

3f 38 39 4 41 4_
Mpex(mly) (GeV/c?)

Counts/10 MeV

Note horizontal range differences !

BESIII:
Bellell:

NWU:

525 pb at E, = 4260 MeV
ISR from ~10 GeV, cut on 4.15 < M(J/ynn) < 4.45 GeV

(hence, higher upper endpoint on mass above...)
586 pb! atE_, =4170 MeV

Briere / BESIII / KEK FF Workshop

the (Z_.)3

Northwestern U.
Z.+(3900)
PLB 727, 366 (2013)
YE t Data ucz:mguon=3aa4.a-_+4.e MeV
35:— --- Phase Space
E — Fit

Ty

4000
Mpnas (T2 diy) (MeV)

( CLEO-c legacy data )




Z (3885) — (DD*)+*
ete- — D D*bargy @ 4260 MeV

Two channels:

(a) D*-@
|

~ 160F (a) o 290

2 140F |H SIPY:

B 120F I I 2 200k

= 100f {|| = 150

A soﬁ > H

v
40F >

> ; 50¢

W 2ok Y do
Ok e : ] SN R D
196 1.9 1.96 198 2.00 202 2.04 206

M D%*) (GeV/c?) MeD*r) (GeV/c?)

Reconstruct:
bachelor®t and omne of D*or D°

D & recoil mass:
clear peak at D* masses; cut on...
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BESIII 525 pb'!
PRL 112,
022001(2014)
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ZC(3 8 8 5 ) —> ( DD *) * BEggislzle’)b-l

022001(2014)
90¢ o amal
Plot DD*masses: % g1 ®)
o) E o 80 ,
Clear excesses z o T Th 1
over phase-space £ 3: 2 af A
2 20F > ok R N
near threshold T U “ M
985 560 305 400 405 410415 485 560 3,95 400 405 410715
M(D°D*) (GeV/c?) M(D'D*) (GeV/c?)
u{: Peak parameters:
o 04 M = (3883.9 = 1.5 + 4.2) MeV
S 0%F F=( 248=33 =11) MeV
= o
s %% - _ I about 20 & 10 lower than Zc(3900)
"5 .
s 018 Curves @0 1
0.05 ~| €— Also determine J' via & angle
ﬂ 1l

D []1 02 03 D4 ﬂ5 DE D? UB DQ
|cos 6,
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0 BESIII 3.4 fb-!
Zc(4020) In ﬂ;"' Jr hc PRL 111,
242001(2013)
Useh.—mn_ .y Select events with :
m*w recoil mass near h_
nt wy recoil mass near

Then use 16 1. decay modes

3.4 fb1 @13 E__ points
(~87% in 4 points )

Inset: scatter plot of 2 recoil masses
1-D Projection: h_ " & Dalitz Plot:

-
=]

h_ peak in mass(ymn_) fromn_band 18t
B 9
60 n 17 :_ 8
% S0 i ~  f 7
- r | __:-_1 — [
::E B I _ = 16 B
S 40 iy - _ < C 5
S F - - o w15 4
= 30 1 350 352 354 356 358 3.60 = L 3
g - | ! -. MEGeVich) C
E [ | m? HE ?
s - - ..‘| } hex [
E l o !irqlg . ' } - 1
10 {8 1155y e 1 I 1 13 o 0
} r" 1411 ; Jumry 3iry 0.0
) S N NI R ML M2, _(GeV/e*y )
3.50 3.52 3.54 3.56 3.58 3.60 4t—>  m oy
M,, (GeV/c?)
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Z,(4020) in wtw b,

242001(2013)
Large, narrow peak in n* h,mass ! Zoom in on a fit to peak
- 120 [
120 -
_ ﬁ 100 |
2 | P
f 80— { M * E E"}:
= L L L
S oL H * = 60
i W}WM W W H“ : T
- 4'?':— # t E "'}: M., (GeV/c?)
b A anallbbatlbgne, )
ok ,,lfmt!"'mu .
3.7 3.8 39 {ijfz'} 4.1 4.2 395 400 405 410 415 420 425
M. 111(.7'5: h C) M., (GeVic?) 141(.7'5: h C)

Inset shows insignificant Z _(3900)

Parameters of new Peak:
M=(40229+08+2.7)MeV T'=(79+27=+26)MeV
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Events / 8 MeV/c?

10000

5000

#

P (1) (GeV/e)

Z (4025) — (D*D*) =

efe- — D* D*Parg @ 4260 MeV

D*— Kn*m*

| —— Data

L — inclusive MC

184 186 188 1.9
M(K ) (GeV/c?)

D* recoil mass

. —+— Data

L --—- PHSP MC signal
15000

(b)
* Keep high

recoil mass

l—b

. ) .'..-'.'MF “.
PR T— =

.:-p-m | | N Y
1.8 2 2.2 2.4

RM(D")+M(D*)-m(D")(GeV/c?)

10000}

5000

Events / 8 MeV/c?

Recon. - nominal
Improves resolution

=
=
lml T

=
o
T a T T

o
=
T h T T

o
=
T T N T T

2.02

M(D*r%)-M(D*)-M(n%)+m(D*)+m(n0) (GeV/c?)

Feb 2014

D** D*0x~ with
D** - D*

D*0bar 5 T)0bar 0

Reconstruct:
Dt -, one i®

cut on D* mass,
& recoil mass

Vertical Band:
0 from D**

Horizontal Band:
n® from D*0bar

Briere / BESIII / KEK FF Workshop

10

BESIII 827 pb-!
arXiv:1308.2760
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Z(4025) — (D*D%) = V55

<& | —+— data ——Z(4025) 80F  —4-data —-Z,4025)
S 400k 0 ws - PHSP & 70F — total fit == comb. BKG
[o)) i Argus fit to sidebands Q : - PHSP signal
S > 60}
L0 - = 5ol
N 300 + = 50|
:200' o 40f
D S 20Ff
3 100 l:
W 1o}
2.05 2.1 2.15 2.2 402 404 4.06 4.08
RM(D*')+M(D*)-m(D") (GeV/c?) RM(r) (GeV/c?)

Peaks near sum of
D*0bar & 70 masses

m recoil mass: D*+*D*0bar mags
Inconsistent with phase-space

Parameters of new Peak: (65 +9)% of all D**D*0n-
M= (40263 +2.6) MeV T =(24.8 +5.6) MeV

Same peak as previous h, result ??? More work is needed...
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Y(4260) —> Y X( 3872) BESIII 2.9 fb-!

arXiv:1310.4101
Analysis: Observe ete- — vy X(3872) at several energies

Fit extracted o(E) to resonance: does it look like Y(4260) ?

=)

0107 L10% .
3.l —data 3. —data Summed over E_ ; zoomed in
10°¢r  « [l background 10°¢ I background e
S [, 4009GeV| §  ,, = 4229GeV 151 ]
o 10t} o 10¢ i 1 i —+ Data
s [ r % || | I % [ X(3872) Peak — Total fit
u::‘:- 1 3 q'::g 1 % 10 B === Background ]
W 3637 38 39 4 W 35 37 38 139 4 = | i
M(mrJhy) (GeVic?) M(mrJhy) (GeVic?) 2
L10° L10% 2
P —+data 2 [ —+ data S
O10°¢  «  llbackground | 910°F I background [
S F 4260GeV| 8 ' 4.360 GeV
o 10 o 10f
o f s | n s 3.85 3.9 3.95
g 1f & 1f M(rr J/y) (GeV/c?)
= E > E
W 36 37 38 39 4 W 36 37 38 39 4
M(mrJhy) (GeVic?) M(rrJhy) (GeVic?)

6.3 c Xsignal: M(X) = (3871.9+0.7 +0.2) MeV T'(X) < 2.4 MeV (90% CL)
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Y(4260) —> Y X(3872) BESIII 2.9 fb-!

arXiv:1310.4101

—+data

[ ©gf
' —E1MC s [ Tode Study of ymm structure :
E - [ background O 6F .backgmund . .
s | P * y angle consistent with E1
2 2t ! H } * ntw consistent with p
: s | ] (as with CDF data)
0 w
T~ 05 0 05 1 Yo4 05 06 07 08
cosh, M) (GeV/c?)
—4— data
— Y(4260) Fit to cross-sections to :
""" Phase Space * Y(4260) Resonance

--- Linear . .
e Jinear rise

* E1 phase space (<E})
no 4260

Y(4260) clearly best:
CL’s in order: 92%, 6%, 3%

oB(yX(3872)—yr'nJ/y) (pb)
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The Future
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Running: Now & Later

So far this run:

>100 points for an “R scan” :
3.85-4.59 GeV
Mix of 5 & 10 MeV steps
~ 6 - 8 pb! per point
Current: working on 500 pb™! per @ 4600 MeV

( not optimal for A, pairs, but stay tuned...)

Future Runs: ( no particular order )

- lower-energy R scan
- DD, data @ 4170 MeV

« More (3770), J/vy, ¢’
« More “XYZ”

Easy to fill MANY years !

Feb 2014 Briere / BESIII / KEK FF Workshop
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Conclusions

Precision D Physics is Underway
* (semi)leptonic: world’s best; D* — uv unique to threshold
* Quantum Correlations also unique to threshold

Spectroscopy Very Active

* Much XYZ work discussed
* also many other analyses completed
on new low-energy hadronic resonances

Many other facets to our program

e Charmonium states & transitions
* More low-energy hadron physics
* Ry .qscans (& charm decomposition!)
e Tau mass @ threshold (?Koide formula? )
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