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Outline

e Study of B— J/Yy KKK in preparation
e Study of n(nS) — KT¥K~n and n.(nS) — KT K7 in v reactions
arXiv:1403.7051
e Study of X(3915) — J/¢w observed in v reactions
PRD 86, 072002 (2012)

@ Measurement of anti-deuteron production in ete™ annihilations and
Y'(nS) decays arXiv:1403.4409
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PEP-II asymmetric ete~ collider operating
at center of mass energies near the 1°(4S)
(for most of the time)

Vs = 10.58 GeV/c?

General-purpose detector

DT ) 1.5T solenoid e 1]-:(]::; ul
. 144 quartz bars . RS
Asymmetric: 11000 PMs

—0.9 < cosf* < 0.85

wrt electron beam

excellent performance:

@ vertexing
o tracking e (8‘9 GeV) Silicon Vertex Tracker

5 layers, double sided strips
e PID Instrumented Flux Return

iron / RPCs / LSTs (muon / neutral hadrons)
@ calorimeter
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Data samples
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B = J/do(K)

0 /
B— J/oK B> = J/o
b — : b 9 c
W\‘Y 2y W,

C
S

s ¢ ) s

t ;
s -
q q d .

Highly suppressed, gluon-rich: good place to search for gluonium/exotics
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States decaying to J/¥ ¢ in B — J/1 ¢ K?

arXiv:1101.6058 (2011) .

:-.ul %
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m(u u K K)-mut ) [Gerc’l M lem) M(J.‘w) [MeV]
CDF reported the study of the decay mode B*—Jhp ¢ K+ LHCb did not confirm these peaks 240

disagreement with CDF

PRD89, 012004 (2014)

arXiv:1309.6920 (2013) :
. 4 1 D& Run I, 10.4 fb™ +Data (c)

o ":—?—TE":F?’?’"—— T % > 60r Y —Full Fit
; 3 — ?lv‘:galémy Pah\g\nnal it - = - X(4140)
= it W S 40- -+ X(4330)
ol Eventnixng (U ok ) s
F.0 o L = ~PHSP

I } i m 20

ol >
; ! 42 43 44 45
S ————— MJYK'K) (GeV)
D0 saw evidence for the two
CMS confirmed the presence of the g}vo resonances rEsonancas

| taken from G. Cibinetto @ DIS2014 |
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Study of B — J/1 K K K at BABA&R

Studied on the whole BABAR sample at the 1°(45)

Bt = J/iy KTK—K* B — J/¢ K* K~ K?
2w BABAR 1 3 “B4B4r 7 Nocuton KTK—
s F preliminary g E preliminary . .
a F a o Invariant mass
] T30
= & 20

520 51 524 526 5,128
my (GeV/c?)

25 T 3

F'BABAR E . .
» ; preliminary é K+K7 Invariant
I mass in ¢ region

o BABAR 7

F preliminary

Events/ 2 MeV/c?
Events/ 2 MeV/c?
5

g 2 5 ‘22 524 526 S. ‘23 52 52 524 526 5,‘28
mg (GeVich my (GeVie?)
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K"K~ invariant mass and branching fractions

Bt — J/h KTK—K* B® — J/y KTK—K?

NQ F T T | N() E T T T T |

> tBABAR 3 > %BABAR E

ﬁ [ preliminary ] g preliminary q

o % ERRNE ]

E R H .

= [ | = ]

0 = + + + ]

[ ] °r 3

10 3 + + + E

g ++ 4 4 4 ++%+++T? ﬁ? ﬂ+ §+ + +
&95 1 102 104 106 108 11 098 i 1,‘02. 104 1,6?: 1‘08 11
m(K'K) (GeVich) mEK'K) (GeVich)
Clear ¢ — KTK™ signal — but also non resonant KTK~

B channel Events yield B (x1077) Efficiency (%)
BT 5 JJyKTK KT 595722 16.05 + 0.33 (stat) + 0.24 (sys)| 17.96 + 0.08
BT — J/ypeK T 200414 J4.57 + 0.32 (stat) 4 0.13 (sys)] 16.20 + 0.03
B — I/ K~ KTKY 74412 |3.55 + 0.57 (stat) + 0.15 (sys)| 11.31 & 0.10
B — I/ K? 504 7 [2.53 4 0.35 (stat) £ 0.09 (sys)| 10.73 4 0.04

Values in agreement with previous BABAR results

@ non-resonant component measured for the first time
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Branching ratios

The ratios of B®/B* and non-resonant/resonant components are
compatible with spectator quark model expectations

B+ — JJOK+K-K+
BBY > J/YKYK"KY) _ | 091 1940.07

By = B(B+ — J/1YoK+)
B(B® = J/¢K+K~KQ) .
BABAR
preliminary
0 T/ -0
R, - B(B° — J/v¢KY) 055 010 4 0.0

B(B+ — J/UoK+)

B(B° - J/YK+K-K?)
Rk = BipT o JoRT KK — 000+ 0.1340.03
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Search for substructures in B — J/9YopK

Unbinned maximum likelihood fit with phase-space model with or
without the resonances reported by CDF

B XF T T T b T % T T
T BABAR B BABAR S BABAR
$ 15 preliminary 7 8 sE preliminary é s preliminary 3
° r s L ]
= I =) r =
S S S
E z + 4z + B
5 E §
= = =
o ] m
3 s 3
‘ AL
18 20 22 4 16 18
3, (GeVe?) e (GeVeh) m, . (GeVich)

Fit function weighted by the 2-D efficiency map determined over the
Dalitz plot

o fit without resonances (phase space):
x?/ndof = 24.0/15
Acceptable fit in both cases

o fit with two resonances (parameters fixed to CDF)

x?/ndof = 17.2/13
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Upper limits
No evidence for new resonances
The 90%CL upper limits on the the fit fractions of the two resonances
o fx(a140) < 12.1% ©@90%CL BABAR
o fxaaro) < 16.4% ©@90%CL freiitnary

are not incompatible with any of the previous measurements

Experiment [ref] Mx (4140) T'x(4140) fx (4140)
[Mev/c? | [MeV ] %]

CDF PRL102242002(2000) ~ 4143.2£290+12 117753 437 -

CDF arXiv:1101.6058 4143.67%% 0.6 153708 25 1404204024

LHCb PRD85,091103(2012) - - <7

cMs arXiv:1300.6920 4148.2 £ 2.4+ 6.3 28715 + 19 13.4 £ 3.0 (*)

DO PRD80,012004(2014)  4150.0 £ 4.3 £6.6  19.9 + 12.67LC 9+7+4
Mx (4270) Tx (a270) fx (4270)
[Mev/c? | [MeV ] %)

CDF arXiv:1101.6058 42746784 +19  32372L 176

LHCb PRD85,091103(2012) - - <s

cMs arXiv:1300.6920 4314.0 £ 5.3 + 7.3 38730 + 16 18.0 £ 7.3 (%)

Do PRD89,012004(2014) ~ 4360 30(fixed) -

(*) estimated from the number of signal events quoted
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~7y reactions

Electron and positron beams emit (quasi-real) photons which interact
and may form resonances

e e
>\_“~"-q—h- _FA,/’V/”.
Yy o Final state e emitted along
' Final beam direction  undetected
\R 7 state o allowed JPC = 0=+ 2%+

@ low p; with respect to beam
axis

~ T
C=+, J=0,2 y - (and 4=*,3*T1 5+ )
__‘__-"— _“ sl——‘__ _-\‘_h-‘_n_‘-_\-_._.__

+ +

e e
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nc(1S) and 7.(2S) studies in vy

Ongoing program in BABAR to study exclusive 1.(nS) decays in vy
reactions

@ 7c(nS) decays not well known:

S B(15) ~ 20% S Bne(25)) = 5%

@ large event yield, proportional to Iy, x B
@ excellent S/B: non resonant hadronic cross section small

INFN
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nc(nS) — KTK=7% and n.(nS) — K™K

@ B’s not well measured:
BESIII studied 1(2S) — 7%h. — 70yn. decays

o 6.7+ 3.2 events for n.(nS) — KTK™n S0, L ()
= e
o 54.9 4 9.2 events for nc(nS) — K"K~ n°

@ no published Dalitz plot study of 7. decays to 3 pseudoscalars

o can study poorly known scalar states
o search for new gluonic states, so far searched in Jip — ~ hadrons

INFN

C. Patrignani - Genova MESON 2014  Krakéw, Poland, 20" May - 3" June 2014 14



nc(nS) — KTK=7% and n.(nS) — K™K ™1 samples

200 [ ! 1
Clear signals in both modes 45 L %ﬁﬁfﬁy
@ 1:(1S) = K*K~n: 1145 events
First observation
@ 1:(25) = K*K~n: 47 events
First evidence

events/(10 MeV/c?)

3 35 -
® 7:(15) — KTK~7%: 4518 events i KCin(@evich
e 1c(2S) - KTK~70%: 178 events -
R Mass (MeV /c* T (MeV < ‘ ‘ !
esonyz:i]ci ass (MeV /%) (MeV) : BABAR
n.—K K™ n 20841 = 1.4.5450:4. 34.83.1.454.0 @ a00 - preliminary
Ny KTKn° 2979.8 +0.8+£3.5 252+ 2.6+24 g

Ne(2S) K TK 7 36351 L£58+21 11.3 (fxed)
ne(28) KK~ 7° 3637.0 £ 57+34  11.3 (fixed) 200

0 I

arXiv:1403.7051 R
/,
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Branching fraction measurements el TR T (e

Channel Event yield Weights R ignificance
ne—KTK n° 4518 £ 131 + 50§17.0 £ 0.7 20
N KTK ™1 (p—7) 853 + 38 + 11 [21.3 £ 0.6 21 o
B(ne—KTK™n)/B(n.—~KTK~r°%) 0.602 + 0.032 + 0.06¢

ne— KTK n (p—rT1 x°) 292 £20£7 |31.2 £ 21 140
B(n.—K K 1n)/B(n.—~K K 7°) 0.523 + 0.040 + 0.08

76(28) KT K~ n° 178 +£ 29 + 39 J14.3 £ 1.3 370
Ne(29)—~K+tK™n 47+9+3 174+ 04 49 ¢
B(n.(28)—=KTK ™ 1)/B(n.(25)—K K n° 0.82+0.21+£0.27

Yoz KK~ 7" 88 + 27 + 23 250
XCz—)K*K’n 2+5+2 0.0 0

Weighted mean of the two K™K ™1 decay modes:
B(n.—KTK™n)

Rne) = ———————+-=0.571£0.025£0.051
- (77 ) B(ne—K+TK=1 0)
BESIII: 0.46 4 0.24  PRDss, 010001 (2012) |

_ B(n(28)=K*K™n) _
- R(1.(29)) = Bl 35 S KT R=D) =0.8240.214+0.27
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T ™fo(1500) T

%80 ]
+ = BABAR |
Dalltz plot for n{'(ls) % K K 77 360 fo(1710) preliminary 7|
_1(1500) = 1
6 - | Unbinned ML fit taking | = ]
B4ABAR . 2 ]
5 preliminary into account background | §2° ]
S from 7). sidebands ® 9 e e
| r
< 4F (yellow histogram) MR(KK) (GeVaic?)
£ r
3 b s ; ; ;
n ) i
s 00 * K¢ (1430) BAlBAR ]
p— . ] -
K™K~ amplitudes: 1=0 J preliminary
r =40
1 0(1430) 1710) S
b mmmmmﬂ e 2
12 3 4 5 8 §20
m*(K* 7) °
0
First evidence of K{,“(1430)i — K*1) seen as a peak EK'T) (GeVAre?)
Final state Fraction % Phase (radians)
To(1500)17 WrE TOL 18 0 fo(1500) and f5(1710) g [~ ] ' i
£0(1710)n 89 + 3.2+ 04 2.2+ 0.3+ 0.1]gluonium candidates = K¢ (1430) BABAR |
%V I S O 7% 3= S 907/ S W0 S V07 S VU o preliminary ]
f0(2200)n 1.2+ 28+ 05 21+ 0.3+ 0.1 =40 ]
K;(1950)V K~ 21+ 1.3+ 02-02+ 04+ 0.1 s 1
F5(1525)n 7.3+ 3.8+ 04 1.0+ 0.1+ 0.1 220 ]
Fo(1350)n 5.0+ 3.7+ 05 09+ 0.2+ 0.1 9 1
Fo(980)n 104 + 3.0+ 0.5 -0.3 + 0.3 £ 0.1 e ]
NR 155+ 69+ 1.0 -1.2 4+ 0.4 % 0.1 0 5 s .
Sum 1000 £112 + 2.5 : MK (GeVact
Py #7/66 arXiv:1403.7051 SeliEeLE
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—~ ——ap(1450)

; s KTK— 70 R0 f BABAR
Da I ltZ plot for nc ( 1 S) K K ﬂ- E 250 preliminary
K'5(1430) 3 200 =
F Unbinned ML fit taking | ¢ 130 3
s : 2 100 E
r BABAR into account background | % E
preliminary . = 50 e
.5 from 7 sidebands % ]
. (yellow histogram) G-
Coa Y g m(K'K) (GeVc?)
WE . VK(;*(1430)
3 Yo 3
K™K~ amplitudes: 1=1 ) T %ﬁﬁ‘,‘,‘a{i ]
2 (0] i
ax(1310) o ]
] aq((1450) S 200 ]
il 3
Lo 5 100 1
T2 3 4 5 6 2 1
m*(K* 7°) 0 .
. m(K'n) (Gev2c®
K*70 dominated by Kg(1430) e )
=

Final state Iraction % Phase (radians) N N0 (1430) ,, 3
K5(1430)T K~ 338 + 1.9+ 04 0. “% 400 | BABAR ]
K5(1950)Y K~ 6.7+ 1.0 + 0.3 -0.67 = 0.07 = 0.03 O .0k preliminary  J
a0(980)7° 1.9+ 0.1+ 02 038+ 0.24 + 0.02 S ]
ao(1450)7° 10.0 £ 24 + 0.8 -2.4 % 0.05 + 0.03 5200 | X ]
a2(1320)7° 214 01+ 02 0.77 + 0.20 £ 0.04 = f 3 ]
(5(1430)V K~ 6.8 & 144 0.3 -1.67 = 0.07 £ 0.03 £ 100 [ 3 .
NR 244+ 25+ 0.6 149 + 0.07 £ 0.03 > S

Sum 58 £36+ 12 0 5 2 P

2Ll S arXiv:1403.7051 TR TSR
,
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K; (1430) properties

Likelihood scan for K (1430) parameters in . — KT K~ Dalitz plot fit

_1-2235 T T
S . BABAR
A preliminary
222371 |
o M =1438+ 8+ 4 MeV/c?
-2238 - . v = . .
T in agreement with LASS
-2239 \w'/

Nucl Phys B 296,493(1988) |

2240 .
1420 1439 1440 1450
m(K (1430)) MeV/c?

== | T T T T
S2%[ 1 BABAR |
| Prelminey o [ =210+20+ 12 MeV
= ~ 30 smaller than LASS result
/
2238 e J
N
UL VS T S *
P40 180 200 220 240 260 B(KO - ’I7K) —0.092 + 0.0254—0.010
T(K (1430)) MeV B( Kék N 7TK) —0.025
INFN
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7y = I Pw

X(3915) decaying to J/1w observed by Belle in vy

PRL 104, 092001 (2010) J

M = 3915 + 3 4+ 2 MeV/c? "
=17+104+3 MeV
My - B(Jw) =61+17+8 6V (J =0)
My B(Jw) =184+5+2 6V (J=2)

5

Events/10 MeV

we B s o ®

but there are other resonances in the same final state or mass range

@ Y/(3940) decaying to J/1w has been observed in B decays

PRL 94, 182002 (2005) ) PRL 101, 082001 (2008)) PRD 82, 011101 (2010))

o Z(3930) decaying to DD observed in vy
PRL 96, 082003 (2006)) PRD 81, 092003 (2010)
angular distribution supports J = 2, identified with x.2(2P)
Are they all the same or not?

h J INFN
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Study of X(3915) — J/vw in v~ reactions at BABAR

X(3915) confirmed by BABAR: [ BIEleE el ed0/0 2 (2I0h i)

~
@
AR

Resonance parameters in agreement with Belle:

n
=3
T

M =3919.4 + 2.2 + 1.6 MeV/c?
M =13+6+3 MeV
M- B(Jyw) =52+10+3 eV (J =0) |
My - B(JYpw) =105+1.9+0.6 eV (J=2) P A, L S VL Y

£ (I L L L i
38 385 39 395 4 405 41 415 4.2

mJhyo) (GeV/c?)

Events / (0.01 GeVic?)
I
P

=)
T

@
T

If Ty, = O(1 keV) (typical c€), then B(J/¢w) > (1 —6)%

h J INFN
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Angular distribution for vy — J/¢w

Angu|ar ana|ysi5 follows - L. Rosner, PRD 70, 094023 (2004) J

Since events have low p; the yy collision
axis is approximately along the beam axis.

The angles are defined in three different
center of mass frames: J/¢w, J/1¢, and w.

The normal to the w decay plane defines * ﬁ‘“

the axis orientation

No background subtraction:

assume that all events in 3890 < M(Jyw) < 3950 MeV/c? are from
X(3915) decay

PRD 86, 072002 (2012)
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X(3915): J=0 or J=27

The efficiency corrected
distributions for events in the

. . . - 12F )
X(3915) signal region in each 12 ] 1ob ]
of the three discriminating o 8h SR
g 80 1 &L i
angles favors J =0 over J =2 £ _L S 6 -
5 g °f T
g Franiw
Angle JP =0* JP=2% (NDOF=9) 2y .
of . ‘ ‘ ]
o; 1 1 + cos?6; 1 05 0, 05 1
X 11142 169 cos,

; 1 in26; 16 :
9,; sin 1af i
X 6.9 65.9 12F

. i) @ E
O sin’@,, 7 — cos’6,, £ Z ";7 L+
X 12,5 180 g g 6l |
PSS
b1 M1l +
e 122 o , ‘ ‘

Overall J=0 strongly
preferred over J=2

PRD 86, 072002 (2012)
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X(3915): 0~ or 07
The efficiency corrected distributions for events in the X(3915) signal
region in three discriminating angles favors 0 over 0~

14

b | 12 W
.Mo:| +|H> .1_ Jr J(

0
[Z] 0
g0 g || Tl
5 2 6 g
E 6| 7 T T 3 |+Txl,, g z
afl, \ 4t +
2 2f
OG5 o s Y50
cos6, cos6, 9,
Angle JP=0" JP=0"
0, sin6,,
X 77.6 163
9, 1+ cos6, | (NDOF=9)
+ 87 83 Xc0(2P) candidate?
¢, 2 —cos(2cose;) 2 + cos(2cosd;)
b 217 926

PRD 86, 072002 (2012)
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Inclusive anti-deuteron production in 7°(nS) decays
Excess of anti-nuclei in cosmic rays can indirectly probe Dark Matter

annihilation CuiMason Randall JHEP 1011'017(2010)) Dal,Kachelriess PRD 86, 103536(2012) }

Vittino,Fornengo,Maccione arXiv:1308.4848 )

@ colored partons hadronization into nuclei
—> processes involving 6-quarks in close proximity

et e annihilations offer a clean environment, both in continuum and in
Y'(nS) decays
previous measurements from

@ ARGUS rLB 236,102(1990) j, CLEQ PRD 75,012009(2007) | at T(]_S) and T(2S)
@ Aleph PLeewmi92@os) | for ete™ at Ecyy = 91.2 GeV

BABAR search in both resonant and continuum samples: [EI2SNVERIERIC)

Resonance‘ Onpeak # of T Decays Offpeak

7(48) 429 fb~1 463 x 10° 44.8 b1
7(3S) 28.5fb~1 116 x 10° 2.63 b1
T(25) 14.4fb1 98.3 x 10° 1.50fb~*
also: 7°(1S) sample from 7°(2S) — 77~ X
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Anti-deuteron yield

Most deuterons produced in interactions of particles with detector
material: restrict analysis to anti-deuterons

o (anti)-deuterons heavy: highly ionizing, no (or little) Cerenkov light

5350 S

S 300

£ 250

(o]

>

@ 509
150
100

50

oo Lo b b B b b

7 S A
dE/dx Combined Residual

QO TT T TTT T TITT[TTT T TTTT[TTITTTTTH
6’f 1
AR
N

The number of events with an anti-deuteron is determined — in each bin
of CM momentum — from a fit to the residual of the expected dE/dx

arXiv:1403.4409
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Branching fractions R

3 + Rl @ 7(1S) and Y'(2S) branching fractions

= + L compatible with previous measurements
g + = (a) 7(25) o ) _

g 4t + @ significant improvement in 7°(25)

g E branching fraction

z Tesmerson | @ 7(3S) branching fraction measured for

£ + ++ I the first time

1

H b) T(35) @ measurement of continuum cross section
g at /s ~ 10.58 GeV

g - Ez;s"; ?"g’ Process _ Rate _
< e B(T(38) - dX) (2.33£0.1570:31) x 1077
;§ () T(1S) B(T(28) - dX) (2.64+0.11502%)x107°
% B(Y(18) — dX) (2.81 +0.497020)x107°
2 '. alete™ = dX) [\/s = 10.58GeV]  (9.63 +0.4171-17) b

g —_—— NN

: e o(eTe” —» dX) . +0.37 6
E + =i (et Hadrons) (3.01 +£0.137937) %10~
g e -~ Spactrum Fit _ ]

g _?H ++ (d) cont. ete™ d production suppressed by one order of

2 ] magnitude in quark-dominated eTe™ — gg

‘% with respect to gluon-dominated 7°(nS) decays
. - U‘Z 0‘4 U:S G‘S 1‘ 1. 2 1 4 1 S 1.

R
AntiDélferonp_ zGeV &
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Conclusions
@ Study of B — J/¢Y K K (K)

e Branching fractions and ratios measured
o X(4140) and X(4270): no evidence
e nc(nS) = K*K=n and 1(nS) — KTK~ 7% in 4~ reactions
o First observation of 1:(1S) — K™K~ n and first evidence for
nc(25) = KTK™n
o first Dalitz plot analysis of these modes

@ Decay dominated by pseudoscalar-scalar two-body
o large contribution from 7n.(1S) — 7nf(1500)

o First observation of K;(1430) — K*n
new measurement of Kj(1430) parameters
e Study of X(3915) — J/¢w observed in v reactions
o Confirm the state observed by Belle
o Study of angular distribution suggests 07" y.o(2P)??

@ Measurement of anti-deuteron production in e e~ annihilations and
Y'(nS) decays

many new results also from ISR:
—> see E. Solodov talk this afternoon (parallel session B)J
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