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e Study of B> * =] /¢K*KK_>* and search for
structure in the J/1{¢ system

NEW BABAR RESULT
SOONWILL BE

SUBMITTED TO THE
ARXiv

e Dalitz plot analysis of n,—K*Km and n,—K*K=°
in two-photon interactions

NEW BADBAR RESULT
SOONWILL BE

SUBMITTED TO THE
ARXiv

Valentina Santoro Les Rencontres de P/u/siquc de la Vallée d'Aoste



The Babar cletector and clata samp le f?

/Bm owerful b factory: 467 million BB pairs in the totar/
data sample x

BaBar is also a ¢ factory: 1.3 million Charm events per fb*

Instrumented Flux Return Offpeak (10.54GeV) + Scan
Solenoid (1.5T) above Y(4S): 53.9 fb™

= Y(45): 432 fb
[Y(4s)] & Y(3S): 30.2 fb?
oGV Y(2S): 14.5 fb™

' Silicon Vertex Tracker
Drift Chamber

Cherenkov Detector
Electromagnetic Calorimeter
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5tucly of B0 —J /KKK °* and search for
structure in the J/yo system
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- A little bit of history .....(1) =

1. i
DF reported the study of the decay mode B+—]/y ¢ K*, Ao
¢ — KK J/p—ww —
4 -~ ____ arXiv:1101.6058

They observe two narrow peaks L0
. D
that they interpreted as two resonances =
My pgz = A4379 5 0 % 0.6 MeV/c? ;‘)—
I'y gz =153 11046, 2.5 MeV .‘."E
=
My,.., = 4274-4*5%44 £ 1.9 MeV/c :«;

I

Y4274 + 7.6 MeV

— +21.9
32.3 %219+

A year after the CDF result LHCb shows

its J/Y¢ mass spectrum.
They did not observe the two resonances

Candidates / 4 MeV

PR
1000 1100 1200 1300 1400

PRD85, 091103 (RC) 2012
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_A little bit of history .....(2) =
MS showed its ]/Wrum with 5.2 fb—k-/ 7

and confirmed the presence of the two resonances

Xiv: .6
o QM. 5= Tev. st T TIIOOTID
5 EJ E —+— Data _ E CMS §
My, ;= 4148+ 2.4 + 6.3 MeV/c = S — %’32%!& dy P (goba “3_;
S g b
FY4143 = 2‘8 +15-lli 19 MeV g 200:_ b gvenz-mixing Ej% $Pz(+; _:
= F 2 1D fit ]
MY4313 = 4313i 5‘3i 73 MeV/CZ < 150;_ + _;
FY4313 =38 +30-15i 16 MeV 1002— + ’]E | ++ —i
50 s = L T4 =
of +
1|1 1.I2 1.|3I 1|4 1.|5I —
Am [GeV]
3 . DO Runll,10.4fb' 4 Data w
Recently DO has entered into the game 60 [ el Fi
. > i
With 10.4 fb* they observe the two Y 2 [ - X(4140)
resonances 8 ®OF TR
_ 2 ~ I A QU PHSP
My, ; = 4159 4.3 £ 6.6 MeV/c o L i
= 20| f B\
I'yp45=19-9 4.3 £ 6.6 MeV L PN w
My ;; ~4-360 ¥ I R VR T-a—
MJ/yK*K) (G
I'y,,,; = fixed to 30 MeV LI,
PRD89, 012004 (2014)
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__The BaBar Analg%

uﬁnﬁlﬁlll Y(4S) BaBar Data sample 424 fb™

We study the process B*—J/i K*K'K*, and B"— K*K~ K’

L
>
D
=
o~
Z
=
5
-
m

200 E—BABAR

B*—J/p K*K'K*

preliminary

|||||||||||||||||||

-“BABAR ﬁ

Events/ 2 MeV/¢?

Events/ 2 MeV/¢?

B°—>]/1p K-K*K°.

-
W

“FBABAR

20— preliminary J

N h ““"Hk

Om - ﬂﬂ’r’r T'T' '+TT+'

mg (GeVic?)

After ¢ selection

We performed an Unbinned Maximum likelihood fit to the mg distributions

Mg

= J((s/2+p-p,/ E)* - B

with a Gaussian function for the signal and an ARGUS for the background

shape
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’ : (e
K*K- invariant mass and BR. measurements /,f )

- s — : S (\7*/ |
| B*—]J/{p K'K'K* B°—J/p KKK’ AN~
T [
v g1 ——BABAR -+ ——1————1—~BABAR
> 0E(a) * preliminary > 20:‘(b) ’ preliminary
S | 1 3 H :
mé_ # h ++ } _ b 4 Jtn i+ |+|,?+ +++ +—
MI_IH—I'FM'IFM mw 0“1..TT1.TT1.T|1...l.l..ll...

8 98 102 1 06 1.08 11 098 1 102 104 106 108 11
m(K'K) (GeV/c?) m(K'K)) (GeV/c?)

There is a small ¢ signal which does not saturate the K*K- channel

B channel Event yield B (x107°) Efficiency (%)
BT - JJYyKTK KT 595732 6.05 + 0.33 (stat) £+ 0.24 (sys) 17.96 + 0.08
BT — J/YoK™T 200+14 4.57 + 0.32 (stat) &+ 0.13 (sys) 16.20 = 0.03
B — J/YyK " KTK2 74412 3.55 £ 0.57 (stat) & 0.15 (sys) 11.31 & 0.10
B° — J/¢¢K2 504+ 7 2.53 + 0.35 (stat) + 0.09 (sys) 10.73 + 0.04
B° — J/v¢ 6+ 4 < 0.101 31.12 + 0.07

CDF, LHCb, DO and CMS do not obtain BF measurements
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Search for resonances(l).

We searched for the resonant states claimed by CDF in the J/Wd mass lor

spectrum

We perform an unbinned maximum fit using:
 a uniform distribution (i.e. phase space)

* two incoherent Breit —-Wigner distributions with parameters values
fixed to the values found by CDF  31Xiv:1101.6058

/ \//
—— 7‘»-47

The fit function is weighted by the 2-D efficiency map over the Dalitz plot.

Mass Squared projections and fit results

[ (a)
15 :—

10—

Events/ 0.16 GeV?c*

.......

BABAR

preliminary

m?,,, (GeVZc?)

Events/ 007 GeV¥c*

‘BABAR ——

preliminary
>

WH i

||||||

Blue curve is phase space only
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3 BABAR ——

preliminary

10—

Events/ 0.15 C

:#HHJV

M

Ht%

m3, WK (GeV/c)
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__Search for resonances ) B T
The fitfractions obtained in the fit with the assumption of two resonandeér«: -

are:

§ f(4140)=(7.3+2.5+3.8)%, UL @ 90% C.L. =12.1 %
ot f(4270)=(7.7+3.7+5.2)%, UL @ 90% C.L. =16.4 %
BABAR
preliminary
From the other experiments
Experiments f (4140) [%] f (4270) [%]
CDF 149+290+24 -
[HCb <7 =3 (*) Estimated from the
DO 10+7 +4 : number of signal events
CMS 134+30(*) | 180+7.3 (% quoted

With the present statistics we cannot access the presence of resonant
behaviour, higher statistics and a full Dalitz plot analysis are needed
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Search for the decgg B°—J/YPd

o

Events/ | MeV/c?

A

" BABAR

8~ preliminary

9

IIIIlIIIIIIIIIIIIIIIIIIIIIIIII

B

]

o

7

ity 1

52 521 522 523 524 525 526 527 528 529

BF(B°—]/y ¢) <1.01x 10° @ 90% C.L.

LHCb limit <1.9x 107 @ 90% C.L.

No evidence found for this decay mode

Valentina Santoro Les Rencontres de qusiquc de Iz Vallée d'Aoste

Mg (GeV/cz)

PRD 88, 072005 (2013)
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e - * ("‘J
, Dalitz Plot dnd[y ses of -
N KK and n— K+ Km0
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; Anal ysis strategg\ — o !

With 519 fb? we study the reactions

Y1Y2_)K+K_Tl+ With Tl—)’Y'Y, "rl—)n'*'n_no and Y1'Y2 _)K+K_Jt0

e

et

Y1

Only states with even J** or

' odd J** with J>1 are

allowed

72

ol

JP = 0+ states cannot decay
strongly to 3 pseudoscalar
st IMNesons

——
-

-

Final state e* and e” produced at low angle
— the v, are quasi-real
Outgoing et and e are not detected

Valentina Santoro
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O
n.(1S) &1 .(2S) current status —
Many 1 (1S) and n(2S ) decays are still missing or studied with low ’/I
statistics |
Even though the | (1S) has been discovered more than 30 years ago the
sum of its measured BFs is only ~20 % while for the 1 (2S) is < 5%

BESIII has obtained measurement of the n_ branching fraction via the
decay y(2S)—n’h_—yn). , but they obtained only

N(T]C _>K+K_T|) =6.7 +3.2 events PRD 86, 010001 (2012)
N(n. —K*K™n?) =54.9 +9.2 events

No Dalitz plot analysis has been published for n_ (JF“=0-*) three body
decays

Searches for gluonium state have been performed in the past using J/y
decays

14



LWe

K*Km* and K*K-n’ mass s ectra o
Whed the selection criteria we ol

1

INg Mass spect(r

0 = !
+K— +W -
N’§ 200 + K K TI ! ! I ' ] &3 — K K Jt . T . . . |
> B T ~ | .
® I ‘ BABAR %
= 7. i
> 150 [ preliminary | z nc(ls) ?fgﬁﬁiﬁ, 1
3 100 - N >
: / . (25)
b
1 N ]
SR + :
L ) | \ ) L 1 B
0 3 35 0 L—— —_— :
m(K* K 1) (GeV/cd) 3 3.5
m(K* K °) (GeV/c?)

Signal: Breit-Wigner Convolved with resolution (the resolution functions are
described by Crystal Ball for the K*K™ with n —r*mn® and a sum of Crystal Ball and

a Gaussian for the the K*K™m with n —yyand K*Kn?final state )
« Background: 2"-order polynomial

Resonance Mass (MeV /c¢?) ' (MeV)
ne— K TK™n 2084.1 +£1.1 +£2.1 34.8 +3.1 +4.0
Ne— KT K~ 7" 2079.8 0.8 3.5 25.24+2.6 +24

n.(28)—KTK™n 3635.1 5.8 +2.1 11.3 (fixed)
ne(28)—=KTK " 7° 3637.0 £ 5.7+ 34 11.3 (fixed)
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,__D:anching-iaﬁo\Mea_syrc_mgnts

- Channel Event Yield Weights R Significance

ne—K+K— 7" 4518 + 131 + 50 17.0 £ 0.7 32 0
ne— KT K™ 1 (g—y) 853 £ 38 + 11 21.3+0.6 21 o
B(n.—K*K n)/B(n.—K+tK— ") 0.602 + 0.032 £ 0.065
ne—K*K ™ n (n—ntn"n°) 202 £ 20 £ 7 31.2 + 2.1 14 o
B(n.—K*K n)/B(n.—K+*K ") 0.523 + 0.040 + 0.083

ne(28)—= K+ K~ x° 178 £ 29+ 39 143 + 1.3 3.70
n:(2S)—=KTK g 47T4+9+3 174+04 49 o
B(n:(2S)—=K*Kn)/B(n-(25)—= KK~ 7") 0.82 +0.21 £+ 0.27

Xe2— KT K~ n° 88 + 27 + 23 2.5 0
Xe2—KTK ™7 24+5+2 0.0 o

Weighted mean of the BR values for the two 1 decay modes

B(n.—K+Kn)
B(n—K+K-7°)

R(ne) = = 0.571 +0.025 +0.051,

BESIII R(7.):=0.46+0.24 PRD 86, 092009 (2012)
For the n(2S) using only n—vyy

B(n.(2S)—K*Kn)
R(1.(25)) = — 0.82+0.21+0.27.
1:(25) = Bl 28) =K+ K9 |

4 : ‘ 6
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: Dalitz Slot analuses

K',(1430)

£,(1500) -
' T]c_)K K N ~ - |
6 ) e - . 6 - .
] -0 BABAR
- BABAR [ preliminary
5 preliminary .5 s
= b e c R
< 4f Lu < 4 Cige
B £ . B
O * B
- i , [
: - S 1450)
’ |- el
"E 0(1430)I 1(1710) A
—1111 | .| L1l 1

2 3 4 5 6
m*(K* n)

23,‘455

Signals for f (1500), K* (1430) Signals for a (980) a,(1450),
and f_(1710) g 320)and K (1430)

K*(892) mostly from background
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(
: Dalitz Plot anal_ sis of M. —>K+K n: Fit Resul ts 2o "7
Wn unbinned maximum likelihoo fmto account '\ s
——background from the m_ sideband regions (yellow histograms) o _/1

o [ 500 T S R ] o TR
&t & 60 rK*l(1430 4 Le0 | 43
S BaBar] S [K30430)  BaBaR | 260 BABAR
860 o ( ) preliminary ] 8 I 8 preliminary
< 1710 ] 4o =40 | .
S | (2200 S s |
% £(F ] 20 5§20 ]
€20 = 2 I s |
S ® ® 1
e e A I S )
me(K'K) (GeV/c?) m(K™) (GeVe/c?) MK ) (GeV/e’)
Fir idence for th K* (1 * K=
The K*K- amplitudes must Stey fle e t*e decay K*( 430) a
have I=0 Observation of the K* (1430) as a Breit-Wigner peak
Not so in Kt scattering [see Fig. 12 in LASS
Collaboration, NPB 296, 492 (1988) |
Results from the Dalitz Final state Fraction % Phase (radians)
plot analysis and fit fo(1500)7 237+ 70+ 18 0.
pro]ectlons fo(1710)7n 89+ 32+ 04 224+ 03 £ 0.1
K;(1430)*K— 164 + 42+ 1.0 23+ 0.2 = 0.1
fo(2200)n 112+ 28 + 0.5 2.1+ 0.3+ 0.1
K;(1950)*K— 2.1+ 1.3+ 0.2 -0.2 4+ 0.4 = 0.1
£5(1525)n 734+ 38+ 04 1.0+ 0.1+ 0.1
fo(1500) and f0(1710) are fo(1350)7 50+ 3.7+ 05 09+ 02+ 0.1
| : id fo(980)n 104 = 3.0+ 0.5 -0.3+ 0.3 + 0.1
gluonium candidates NR 155+ 69+ 1.0-1.2 4+ 0.4 £+ 0.1
Sum 100.0 £11.2 + 2.5

2 18
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-~

sis of . —K*Kn: Fit Results—=9

Man unbinned maximum likelihood fit which takes into account (.~ -/
« ackground from the _sideband regions (yellow histograms) Vv
[
,(1450) K, (1430) K, (1430)
S Er " BABAR] S, F S pmale T
L a0 | preiminary 1 400 F BABAR I E.u0f BABAR
3250 £ 3 - preliminary J 2 - preliminary 3
: < 300 | . 300 F k
X 200 [ R ] §900¢ :
S 150 B S 200 F 1 S200F E
3 g L 1 8 f :
£ 19 £ 100 | 1 E100f :
> 90 ? } 1 3 X
® 0 B 1 0 J A S E—
0™ 4 6 8 2 4 6 2 4 6
m2(K'K) (GeVZicY) m2(K*n%) (GeV3/c?) m2(Kn?) (GeV2/c?)
. 0 1 1
The K*K- amplitudes must igle( K= )mass spectrum is dominated by the
Era ,(1430) resonance
Final state Fraction % Phase (radians)
: K§(1430)T K~ 338 4+ 1.9 + 04 0.
Results from the Dalitz K§(1950)* K~ 6.7+ 1.0 + 0.3 -0.67 + 0.07 + 0.03
plot analysis and fit a0(980)7° 1.0 £ 0.1 = 0.2 0.38 £ 0.24 = 0.02
projections ao(1450)7° 10.0 + 24 + 0.8 -2.4 + 0.05 + 0.03
a2(1320)7° 21+ 0.1+ 0.2 0.77 = 0.20 = 0.04
K3(1430)* K~ 6.8 + 1.4 + 0.3 -1.67 = 0.07 + 0.03
NR 244 + 25+ 0.6 1.49 + 0.07 £ 0.03
Sum 85.8 £ 3.6 = 1.2
2 212/1: 1
Valentina Santoro X"/v 12/130 9




_ K',(1430) Branching Ratio S— o
/Fmﬂﬁ/fhe/Dalitz plot analysis of . —K*Kn” we perform a likelihood scéf_l /{3

to obtain the best-fit parameter values for the K*_(1430)
m(K*,(1430))  T'(K*,(1430))

32235 e N e
S BABAR | i-22aaf BABAR
-2236 - preliminary 7 - preliminary 1
- | m(K*,(1430))=1438 +8 + 4 MeV/c
/17N /] DK Ga0)=a0220 £ 12 MeV
F ] eess[) i
= | The mass value agrees well with that

-224104.:20 14330 1440 51450: -224?6-0 1%E2OO 220 240 2;‘30 from the LASS eXperiment (.NUCI: Phys'
m(K (1430)) MeV/c? (K (1430)) MeV B 296, 493 (1988)) : but the width is 3
sigma smaller than the LASS result

We obtain also the K* (1430) branching ratio:

B(K,(1430) =~ 1K) _ 097 4 0.02555:%,
B(K,(1430) — 7K) e

This negative systematic error is due to strong interference effects involving
the ad hoc NR amplitude in the estimation of the Kt and nK fractions

Valentina Santoro Les Rencontres de P/nysiquc de la Vallée d'Aoste
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- Conclusion “5’ ?
v We have presented new results on the B—>]/1|fK/K

decay, measuring branching fractions and branching
ratios and searching for J/(¢
vWe perform for the first time Dalitz plot analyses of
n.decay to K*Kn and to K*K-nt"
vWe observe a dominance of the decay
n.—pseudoscalar + scalar

v'The decay n.—K*Km has a large contribution from
n.— f,(1500)n (£ (1500) is a possible glueball candidate)

vThe K*_(1430) has been observed for the first time as a
BW peak in the K*n’ K*n mass distributions
vFirst observation of the decay K*_(1430) —Kn
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(N
7=
/u'-‘".

g ¥
et e A = ~
— v %

CDF reported the study of the decay mode B*—J/1p ¢ K¥, ¢ "(”"_'4

— KK~ J/p—pfu

PRL 102, 242002 (2009)

~ 9
O
They observe a narrow peak near the S 8 2 7 ]
threshold in the J/1) ¢ mass spectrum = ; :
My, ;=443 £2.9 = 1.2 MeV/c B 5 "r
24
1‘Y4143 =11.7 +8-3_5J_r 3.7 MeV %’ 3 i
Soon after its discovery there were several theoretical § 2 Il UJ_‘I_ iliN
interpretation about the nature of this state RIS el
" 017131 12 13 14 1.5
dI'AlV: 0903:3107, 0903:2529 €CC... AM (GeV/CZ)
Some months after the CDF result BELLE ¢ \preliminary .
shows its J/y ¢ mass spectrum using 772 x10® § - 1 I ’ ’
BB pairs NEVER PUBLISHED P gt tl b
They did not observe the Y(4140) in B decays s T
or in two-photon production ) b e N
6 0 Soonper 42 43 M(.:f\; @)(G;\ilc’) 46 I;tlu( J'/';B/ ¢)|
B(B" —Y(4140)K",Y(4140)—= J / y¢) <6107 @90%C.L.
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