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Outline

@ Search for resonances decaying to n.m 7~ in 4~y reactions
e Study of X(3915) — J/¢w observed in v reactions

e Search for Z;(4050)* and Z,(4250)" in B® — xantK~ and
BT — X517T+K5
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The BABAR experiment

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

As of 2008/04/11 00:00

— Delivered

— Recorded: 531 fb!
— Y7(4S): 432 fb !
—7(3S): 302 fb!
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~7y reactions

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

o Final state e* emitted along
beam direction  undetected

o allowed JPC = o*+ 2%+
(and 4FF 37+ 54+ )

@ low p; with respect to beam
axis
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Search for resonances decaying to n.m "7~ in 7~ reactions

o B(1:(2S) — nertr™) predicted to be large

F(nc(2S) = nenn™)
F((2S) — J/ymtn—)

~29

Voloshin, Mod.Phys.Lett. A17, 1533 (2002)J

thus B(nc(2S) = nertr™) = (2.2758)%

@ Many new resonances observed in J/intn™
o there could be others in n.r™7~  unexplored!

e 0™ T instead of 17~ allows access to " new states” with different
quantum numbers

)
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Search for vy — nertm™

Control sample

] &~ 1200 =
Select candidates o [ Qﬂ
@ control sample = 1000
'y’y—>77¢—>KgKi7er 8 -
used to optimize the 7. in S800f
selection < i
(4 tracks) 8 600
@ main sample of =) W
vy = X s patns — g 400F
(KQK*EnF) mtn= c i ne(1S)
(6 tracks) g 200 signal
w [ box
"standard” cuts on PID, py, [ LI PR Y TETN TP PE VA PRPFIFPRES PSSt
missing mass, .. 28 29 3. 3.1 3.2
m(K°Kn) (GeV/c?)
s PRD 86, 092005 (2012)
=
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Dalitz plot cut

In the control sample, the Dalitz plot of events in
the 7. mass window shows different substructures
than events in the low-mass or high-mass sidebands

Enhance 7 in main sample by requiring
intermediate K*(1430)

2 (GeV?/c?)

Control sample

5F l 7 region

6 8
sh 2 | 7E i
~ L ~ o High
Further reduce non-n, S 4 ‘ oW MasS o~ 6 81 miss
. < . sidebanfi T Sfi ideband]
component with a NN 3 ab ol sideban
trained to reject events in e €,
. . X X
blue regions of low and high E 2
sidebands !
PRD 86, 092005 (2012) 0 L

m2,, (GeVc?)

PR N A
m2o, (GeVic?)
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Event yield for vy — n.ntn~

The total signal yield for vy — n.m ™7~ (resonant or non-resonant) is
determined from the 1-D fit to the KgKiTF:F invariant mass distribution
integrated over M ((K2K*7F)nTr~) > 3.5 GeV/c?

new T~ sample

Only 50£37 inclusive 7. in the sample S
Q
@ No evidence for vy — n.m 7~ signal in the g
main sample 8
. (=)
i.e. I
[
@ No evidence for n.r 7~ decay of resonances 5 ne(15) t
with M > 3.5 GeV/c? A S
058 2930 31752
m(KJKn) (GeV/c?)

PRD 86, 092005 (2012) J
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Search for x2(1P),n(2S) — nerm™

Perform a 2-D fit to the M(KgKEn ) vs
M ((K§ K*aF)ntx~) distribution to determine
the signal yield at each resonance
@ No evidence for xc2(1P),1:(2S) — nertn™
Peaking background from known
K2KEaF 7+~ (non resonant) decays not
peaking at 7. mass

@ No evidence for other resonances:

Ty, B(eV)

Resonance Central value | UL
Xe2(1P) 72755229 [15.7

47 a¢

o ne(25) 6573 £18 [ 133
90%CL X(3872) | —4577T £2.9(11.1
X (3915) —13t12 4+8 | 16

Xc2(2P) —16715+£6 | 19

@ derive using PRD 84 012004 2011) | and PDG

B(xc2(1P) = nemt ™)

_ < 329
B(xc2(1P) — KOkt xE)

B(xc2(1P) = nenn ™) < 2.2%

B(nc(2S) = neww )

— T L <100
B(nc(25) — KOKEnt)

B(nc(2S) = nentrT) < 7.4%

compatible with Voloshin's prediction

Events/(0.018 GeV/c?) Events/(0.018 GeV/c?)

Events/(0.018 GeV/c?)

8

PRD 86, 092005 (2012) J

1e(18); g | S
25 % 3
. + 8
5
15F 8
s
10 g 6
i AR
bt L 1 LLLL w
28 29 3 31 3.2 35 3.55 3.6
m(K’Kr) (GeV/c?) m(K%Krnr) (GeV/c?)
sof AN
a0 3%
g1
20 + =
E 10| .l- .l-
100 s -}
"} g 5F
L L 1 L w L L L
Y28 29 i3 31 32 a6 365 a7
m(KZKn) (GeV/c?) m(KZKnnr) (GeV/c?)
(3872) X(3915)

Vo « 40 Xc2(2P) 2
a4 RN
40 8 30|

5 8 25
20 '[' S 20 -‘- _l_
20F + ‘j 15F
£ 10
E [
10 2 st
2.‘3 2.‘9 2; 3‘.1 3‘.2 ° 3.‘55 319 3.‘95 A
m(KZKn) (GeV/c?) m(KZKnn) (GeV/c?)
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vy = J/Yw
X(3915) decaying to J/1w observed by Belle in 7y

PRL 104, 092001 (2010) |

M = 3915 + 3 4+ 2 MeV/c? "
=17+ 1043 MeV
My - B(Jhw) =61+17+8 6V (J=0)
My -B(JYw) =18+5+2 6V (J=2)

Evenis/10 MeV
=

we m s o

.BS 39 3.95 4 4,056 41 415
W (GeV)

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) J PRL 101, 082001 (2008)) PRD 82, 011101 (2010))

o Z(3930) decaying to DD observed in v
PRL 96, 082003 (2006) ) PRD 81, 092003 (2010) )
angular distribution supports J = 2, identified with xc2(2P)
Are they all the same or not?

Also, until recently, the assignment 2=F for the X(3872) was not ruled

out  arXiv:1302.6269
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Study of X(3915) — J/vw in v~ reactions at BABAR

X(3915) confirmed by BABAR  PRD &, 072002 (2012) |

Resonance parameters in agreement with Belle: E 25? Qi
S 20
M =3919.4 + 2.2 + 1.6 MeV/c? Sl
M=13+6+3 MeV B
My B(Jw) =52+10+3 eV (J =0) o+ I
My B(JYw) =105+£1.9+£06 eV (J=2) R |

e I I I | I I I
38 385 39 395 4 405 41 415 4.2

mUlyo) (GeVic?)
If Iy, = O(1 keV) (typical cc), then B(J/yw) > (1 —6)%

(Limit for J = 2 hypothesis of X(3872): 'y, - B(JYyw) < 1.7 V)

-
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Angular distribution for vy — J/¢w

Angu|ar ana|ysis 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 * A‘“

the axis orientation

No background subtraction:

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

-
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X(3915): J=0 or J=27

The efficiency corrected
distributions for events in the

. S 12F ~
X(3915) signal region in each 12 ¥ 1ok Y
of the three discriminating 10 2 T
P bAESY
angles favors J =0 over J =2 £ T ‘_L v | 2 e[ L/ s
& - % , ]
sl Al e T J(ﬁ\
Angle JP =0% JP=2" qooey + 2/
" " (Us , | \ ]
0; 1 1+ cos?6; 1 05 0, 05 1
X2 112 16.9 cosd,
6; 1 sin2g;, 16
2 = 14F ¥
X 6.9 65.9 o 12F
) e D) 2 2 10F
0,2,, sin“@,, 7 — cos 6, fﬂ 'E’ ok L+
% 125 18.0 g e El |
E ] EShn
6/1 1 4t ‘f ‘# +
X 12.2 2 + .
1 05 0 05 1
cosf,, cosf,
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~

14f & [
120 ¥ 12_3

::|+I¥1H T

105 0 05 1

weights

weights
2.2
]
—
_‘_+_
P S LA
weights

cos6, cosf, )
Angle JP=0" JP=0"
0, sin®6,, 1
X 77.6 163 PRD 86, 072002 (2012)
0, 1 + cos?6, 1 (NDOF=9) e—
X2 8.7 83
¢, 2—cos(2cose;) 2 + cos(2cose;) XCO(2P) candidate?
Iy 217 96
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Zl (4050)+ and Zz(4250)+

Fit to the Dalitz plot intensity of B® — xam K™ including contributions from
all know Kx

To obtain a good fit need to include two more intermediate states decaying to

Xclﬂ-Jr
40 — PRD 78, 072004 (20008) |
35
o F
3 30 = = (4051 = 14° ) MeV/c2,
g 25 = (82°1%9) MeV,
8 E = (42481 4119 MeV/c?,
o 20
= E 1", = (177+544316) Mev,
g 15 — ) o _
o c with the product branching fractions of
1T} B N -
10 E BB = K Z)) X BZ} = 7" yo) = (3013 x 1075,
5 BB — K~ Z3) X B(Z3 = 7" yo) = (01331197 x 1075,
A RO ol TIPS TN
.6 38 4 42 44 46 438

M (g ,m"), GeVic?
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BABAR search for Z;(4050)" and Z,(4250)" in
B — Xc17T+K7 and BT — Xc17T+K5

and study DP for signal region and

Select samples with relatively large background sidebands

o 24 _ 24 .
purities BY signal BY sideband
22 2f 0 -
B0 - + + 400 K L of
B" — xanm"K BT — xan Ks "’3 3
~ 18 18
! % < .
Y00 | Xef X6l
3 2 # 80 { E 3
= t 14f 1af
< | 40 } PO AT I T I I A TP TP T
i) 100} " ‘ | * 05 1 15 2 25 3 35 05 1 15 2 25 3 35
c (1 4 24
I m (K™ 7*) Gev/c mA(K™ n*) Gev?/c*
3 Dy wW § 20 le bHWH !
i b, L W 24 pr 2 +.
1 M oE L WY, .. BT signal B" sideband
925 35 375 326 35 375 AT W 2F .
m(J/¥ ¥) Gev/c? m(J/¥ ¥) Gev/e® N
- ’%, 20|
Channel 036(MeV) 0 (MeV/c)  Evenis  Purity % 26k
B"— XaK 7t (utp”) 6.96 + 0.34 2.60=0.10 980 793x13 i'
B — yaK- 7 (e*e) 7.81 =043 277+ 012 883 771+ 14 X 16F
B —yaKiw' (uTn) 665055 265027 %9 81722 T
Bt — Xng‘rr‘ (eter) 7.52£0.70 2.65+0.18 329 77523 14
FP) AT T T PP T T T I e
o5 1 15 2 25 3 385 08 1 15 2 28 3 35

PRD 85, 052003 (2012) | (K ) Gevi/* (K1) Gev?/*
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K description in B® — xaq7m K~ and B* — xam K

and weight each event by Legendre
YL0 polynomials

Fit the K7 invariant mass Lyt T <
distribution to a sum of S-P-D wave i %HH} hwih}w ] }h
o W W) bl e
E 7601 “ 300 / :?E oar .
2 [ > * i <YS>
g w0 | 200} ] L ﬂH | | r {
’ ok Mmmg o I ‘1 N % o ﬁWH %Lw‘ﬁ “}W Wﬁ% i
m(K’n"}‘GeV/tf o m(K",n’BéeV/c‘ b E__UE \<Y’> P R I *. ‘
B* —~)::|K"‘:* 42:4;35 ;giiég 10:1 ;3:1 55/54 A M i I {
104+25 / o :_‘#Iﬁ}ww N H{}[ﬁﬁ‘w‘“ 0 :—"}"}R}}Whﬁm ‘lﬁwwwwtk“

PRD 85, 052003 (2012) sl L Yy I
—J 0.5 1.2 1.9 0.5

m(Km) GeV/c”

L L
1.2 1.9
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No evidence from BABAR for Z;(4050)" and Z,(4250)*

Use MC to predict reflections of K mass and angular structures in xcm"

Reflections in MC using only K7 mass structures look different

No Z's . ,
with Z's
PRD 85, 052003 (2012) }
|l — Mass and moments
.- Mass only i
(]
- {
o
L 400 4
> % 00
g =
S &
8 ~
§ 2 @ 200
l’ -
[
©
>
o E
O o =t I"—._
i 4'5' O'|||L\||\4|||m
mM(Xe ) GeV/c? 5

B(B° = Z'K™) x B(Z{" = xan") <1.8x107°

Not incompatible

with Belle
B(B® = Z K™) x B(Zy — xan') < 4.0x 10"
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Conclusions

@ Search for resonances decaying to n.m 7~ in 47y reactions

o First search in this mode
o No signal found
o B(1n:(2S) = nem™n™) < 7.4% and B(xc2(1P) = nenn™) < 2.2%

e Study of X(3915) — J/t¢w observed in v reactions

o Confirm the state observed by Belle
o Study of angular distribution suggests 07" yo(2P)??

e Search for Z;(4050)* and Z,(4250)" in B® — xamtK~ and
Bt — XC17T+K5
o we do NOT confirm the state observed by Belle
e nor we are able to exclude it

@ Analysis still ongoing, more than 5 years after the end of the data
taking, new results to come
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