Studies of Charmonium States
in Two-photon fusion at BABAR

Moriond QCD Nir G
2012 |r. uttlmap
March. 1017 Tel Aviv University |
La Thuile, Aosta For theBaBar Collaboration

valley, Italy

1/14



Outline

A Characteristics of Twghoton events.

A Summary.
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Characteristics of Twphoton events

A The electrons are scattered at small angles, therefore
undetected.

A Photons are quaseal, which
forbids spinl resonances.
_ow particle multiplicity and energy. e S et

_ow extra energy (E) in the calorimeter.
_ow p; of hadronic system.
High missing mass, k.. =(P".,+P", - P )2
discriminates between initial state radiation (ISR) and
two-photon events. - AN e T

(gmay or may not be observed) ¢ ! T e ! 3/14
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Motivation forg g Jy w

A The charmoniuniike states X8915 and XB872 are not well understood.
JN w

A The X@919 was seenin B X(3915K, X(3915 -
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A Belle also observed it ig g X(3919 -

and width measurement.

A The X(3872 - Ji wwas also seen in B decays

A X(3872 F=1*or2*[4].
A g-g X(3872 would imply Fe=2+.
A gg X(3872 i s

not

seen

Jy w.
U Need to confirm and improve the mass
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[1] Belle ,PRL94 182002
[2] BaBar ,PRD82 01110(R)
[3] Belle ,PRL104 092001

[4]Bpe ,PrRlog1ID0O® S 54



Event selection fog g Jy w

A Reconstructed via
Jy - I"I"(I=e;m),w- ppp°,p°- gg

m(ete) T [2.953.14] ; m(nmtm) i [3.053.14] ; m(p p°i [0.74,0.82] GeV/c
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A Main Event selectior - BABAR preliminary
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After the event selection, clear
and Jy signals, with negligible
L e e background. 6/14
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Events / ( 0.01 GeVic?)

3872MeV/c? g _g ‘JA/ \lvresults

3919MeV/c?
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corrected
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Mk W = m(F-p*p %) T m() + m(3y )PPC (GeVid)

Background from sidebands

BABAR Belle
Results are ¢ons pus(Mev/e) 3919.4+2241.6 | 3915+ 342
Width (MeV) 134+6+3 17+ 10+ 3

[, xB(J=0) (V)| 52+10+3 61+ 17 +£8
T x B (J=2) (V)| 105419406 | 18+5+2

New limit: T, (X (3872)) x B(X(3872)=Jpw)(J =2) < 1.7 &V
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Events / (0.314 rad)

X(3919H Spin determination

A Defineq,: the angle between the tvpoton collision axis and the positive

charged lepton in the twphoton rest frame. /
I_
9 N 9

3890< m(Jy W <3950 MeV/c? ——— X< |

e
efficiency

18
16/
- corrected 1 dr 3
14] 1 J=2 — = =(1+cos’#
R I ] — T dcosf; 8( cos™0u) (1]
0 h | 1= 7
8- ' < J=0
6 | T =1
4;_ JZO J:2
20 ..
nd BaBar preliminary c2 0.48 14.56
0 0.5 1 15 2 25 ; o2 P(c?) 14.8% 2 4%

First attempt to measure the

X(3919 spin
( 3 P [1] J. L. Rosner, Phys.Rev.7D 094023 8/14
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Motivation forg g h p™p

Several new charmonium-like states were found in J/y p ,such as
the X(3872). -
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Interesting to look at h_p plecays _
due to different Jr¢ (0* for h,, 1--forJly )

20

10F

Provide branching fractions for known states; ghm ittt
i Cc.(1P), h(2S), X(3915) and c_,(2P). o fovich

Prediction for B(h.(2S)- h.p p~)2.2%.
i obtained from G (2S)- hp p~By (2S)- Jlyp pPBpusp [2]

[1] BABARPhys.Rev. D7 (2008 111101
[2] M.B. Voloshin Mod.Phys.Lett.A7:153315382002
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Event selection fog g h p*p

A Reconstructed via, - KOK-*p*- KO - p*pr
m(KOK"p* )i [2.77,3.22] ; m(K°K*p*p p*) >3.5GeV/c

A Main event selection :

io 0.5 _
I Number of tracks & %“ Signal ::(;3;2' network
. 2 2 0.30 )
| M miss>10 Ge\ﬂ é . 2: bgd ApT
i pr<15GeVic Ny AE,_,
I E,<08GeV / \: - %___,,FI AK and” ID
N .5 1} 0.5 V1

I Neural network. (892
i h.Dalitz Plot /( K())*(1430)

g4 KOK"*p*- sample

28 29 3.0 31 3.2 .
m(K'Kr) (GeV/c?) 23 2 4 (G%szca)
Kl




To o

Analysis procedure

Initially, the inclusiveh_ yield was obtain from a fit to m@K-/*p*-).
Based on this fit, it was decided to focus on known resonances.

To maximize sensitivity, we perform a tvadmensional fit in m(RK"*p*")
and m(KK-"+p*-p-p*) in a window around each resonance of interest.

N,.=50N37

-
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Event types in 2D fit

Signal

Combinatoriabgd

X-peakingbgd
o (peaks in m(RK”*p*"p p*))
ol .Pfe.“r.mnary e, h.-peakingbgd

2.8 0 i 0 K-+pH-
m{K%I{:r:} (Gew{:} (peaks inm(K°K-*p*"))

BaBar

Events / (0.009 GeV/c?)
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Wy

g9 hp*p results

A The twodimensional fit is carried out
around the different X states.

See contribution from
non resonant X KOK-”*p*p p*

[1]
'y, B(eV)
Resonance Central value | UL
Xe2(1P) 7.27°° 429 [15.7
ne(25) 6575, +£18 | 133
X (3872) | —4.577T +£29|11.1
X (3915) —13+}§ +8 | 16
Xe2(2P) —16%t +6 | 19

UsingB(c,(1P)- K%K7*p*") and
B(h.(2S) KO°K-7*p*") we obtain:

B(c,(P) - A(1S) P 52.2% @ 9CCL
B(h.(2S) - A(S) p)pT7.4% @ 90CL

[1] Belle, PoS ICHERO01Q 162(2010. 13/14




Summary

AConfrmBel | eds grg&xX@uUb)t Sk Wi or
G, (X(3915)) B(X (3915) -J y w)( =0) 52 10 3V
G, {X(3915)) BX (3915) -J y w)( =2) €05 19 0%V

ABABARdetermines amit ong g X(3872)- Jy w
G, (X(3872)) BX (3872) -J y w) L.7eV @9l

Resonance Iy, B(eV)

. - Fom- Central value | UL
A New limitson decays th p'p"  r—qp 757 100 157

B(c,(P) - H(1S) P p2.2% @ 90CL ne(2S) 6573, £18 | 133

_ 0 X(3872) | —4.5701+209]|11.1
B(h.(2S) - hAQS p)7.4% @ 90CL X(3015) —13f}7§i8 i

Xe2(2P)g | —16717£6 | 19
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Thank you
for your attention
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Two-photon cross section and width

gleTe”—=syyv—=X—=Jbw) = LEa(yy—=X)B(X—=Jvw)

N

Two photon Form factor
flux
['to
a(vv—X) = [ m(2J + 1)(he mx@ —m2) : f+ — dm’
. A - tol

The cross section depends linearly on the pwoton width.

l<jl(3 9 X):G.) gjeff
U is obtained from GAMGAM a twghoton generator .



Systematic uncertanties

ggJy w g9 hpp
systematic systematic
uncertainties uncertainties

. . .
Fixed parameters, -+ Fixed parameters, +

Mass shift based on ISR jpsi KK "9 Bkg description polynomial order.

Resolution Datdc differences Resolution DataVic differences

Fit range Efficiency DataMc differences

Efficiency parameterization




X (3915 Background estimation

A ISRY (2S)>J p pveto m(Jy p poditside ther (2S) region
[3.6753.70(, using MC estimates 6.9 events @90 CL.

O-tile method Bkg estimation
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M(KKp*) m(KKp*p-p*) correlation

Events from Dalitz Plot Sideband

m(KKp*p p*) GeV/e

m(KK-p*) Gev/e



