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t Decay
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t DeteC'“ on charged particle topology
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t decaysfor m , measurement

e high-multiplicity, high mass hadronic:
single n & phase-space suppressed

e reject non-¢ backgrounds: e*e # e*e,
e*e'# hadrons, e*e # e*e + hadrons

e reject ¢ decay backgrounds: Yo
convers’ns, mid-ID p°# Y% Yo from
hadronic interactions

e topology and experiment dependent
purities (80%-99%) and
efficiencies (0.5%- 5Q%)
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M easurement method

mﬁ :(Ebeam - Eh)2 ) (Bt ] bbh)2
= m2 +M2- 2B, E, +2/EZ,, - m2\[E2-M? cosq,,
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For fixed m i “
i ) .. ~ N
kinematiclimitat
Cosg, = 1
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(@) m,= O Mev/c?
E/Epeam VS M}, ) me 20w
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Fit method

Event-by-event probability:

A.(m)=RM,E, Im)AAM, E, s, .5c.r)AeM,,E,)

RM,,EqIm,) o &M (M, E,, [m, ) TPS(M,,E,, |m )UA | SR (Epen E, )
I—:F_)[Ai(rnn)+'5‘ backgd(Mhi’Ehi)]

A.(m,)andA ., (M, E, ) determined with Monte Carlo or analytically
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No. of decaysin fits

i (49) Z°
ARGUS CLEO ALEPH OPAL

Nt 3-4100 4510 210 2" 10°
Year published (1992) (B 'O (1999) ('96,'98)

3pint 2939 2514
3p ip Ont 16577
5p * (p °*)n, 20 36 55 22
3p *2p "n, 19
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CLEO 3™,

16577 decaysin fit 1.05 ——— ]
B43withinm, /m, >0925 ]
Background: B Epuam B ;_ : \‘w ]
3% qq and 7%t 0.95 fs '_ -------- ‘ m.v'=.?')0MeV _}
Dominant systematics: E
0.90 . —
p° energy scae: 3.7MeV/c’ o ]
tracking p scale: 3.3MeV/C® g5 o
Spectral funct'n: 4.0MeV/c? VN
[r (1700) M, G, amplitude]
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CLEO 3™,

4000 I [ | [ [ | | | | | | | | | [ g 600
i g >
i , < 400
)
3000 4 8
* I £ 200
s | - g
o I O->T AR N
20001 , 4350
2| g
s | ; 1 2 800
Y 1000 ' ] 3
_ :\/w\' | 240
' A\
I | | | M | | | | | | _-, Lu 0
0 05 1.0 15 0
Mt r’) (Gev)
Neutrino 2000 J.M. Roney

t -0
Q=>TTN

(a) -

p(TT0)+p(1450H+p(1700Y

p(TT0)+p(1450)+p(1700) |

1.0

2.0

1.5 95

M (47 (GeV)

10



08— T T T T T T T ]
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3 ;Limitexcluding systematic errors;
5 0oa - m, < 22MeV/c?
= _
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Limit including systematic errors.

m < 28MeV/c*|@95%CL

dependence on 543 event sample less sensitive to chance fluctuations
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OPAL t" ® 3 2p'n,

22 decaysin fit

E -
5 senditivei.e.: m, <100MeV/c® @f : &'
mlﬂ

__________________________
______

background events:.
05 gg and0.1t cf 22obs
effective background events: 08 |

0.05 qg and 0.01t cf 5obs | J—+— OPALevent
0.7 1 / —— m =0MeV -

0.9

: _ [ F e m, =40 MeV
Dominant systematics. L m, = 100 MeV -
non-Gaussian tails; 3.5MeV/c? 12 I1!3 14 |115I | Illﬁl ETE Illsl | |1!9| 2
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resolution funct'n: 0.5MeV/c?
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OPAL t"® 3 2o,

Excluding systematic errors; & B -
-
m, < 39.6MeV/c? £ OFAL{W) :
s Ry ]
C 43.2 MeV (95%CL)
Including systematic errors: 3
dominated by resolution TN .
0 10 20 30 S0 60 T0 20 |
modelling (3.5MeV/c?*) e ™ (I'IVIE‘V)
m < 43.2MeV/c? £ \ ;
Zr E
- *  27.6 MeV (95%CL) * OFALEY
Combining with - \ . O OPAL(3h) :
3p analysislikelihood: \ ° * OPAL(combied)
m < 27.6MeV/c | @o5%CL 0 0w W @ w @ w '5'“%' -
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ALEPH

t"® 2ppn,

Excluding systematic errors:

) E ., | ALEPH
m, < 21.5MeV/c é __________________ fitted region
s
E
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. 1 = e s000000O000O0O0DOGD O
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] 2nd -DDDDDDDDDDDED o
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] ] ] ’ 0.6 0B 1 1.2 1.4 1.6 1.8 Z
5p anaysis likelihood: M., (GeV/c?)
m < 18.2MeV/c* | @95%CL
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Spectral function models

Systematic error in 3pn from

a,r andr 'M and G: 0.3MeV/c*

Analogous concernin 5p isless

Important.
Systematic error in 5pn from

various moddls: <0.1MeV/c?
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95% CL Limits (MeV/c?)

i (4s) 7"
ARGUS CLEO ALEPH OPAL
3p *n, 25.7  35.3
3pp ', 28
5p *(p ° *)n, 31 33.9 231 432
3p *2p Ont 35.9
Combined 31 28&30 18.2 27.6

B ARGUS used the M, spectrum only
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Cosmological limits
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Combining measurements

Each experiment providesthe likelihood
distributions which can be combined
Thedominant systematic errorsin each are
uncorrelated

Combining systematics-corrected likelihoods
yields.

m.< 15.5MeV/c? @95% CL

long lifetime cosmological loopholeisnot closed
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Combining measurements
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Future prospects

e BABAR and BELLE are now taking data
and each expect ~12/fb in 2000 and
~30/fb in 2001

e Repeat of CLEO 3p* p® measurement
gives 7MeV/c? limit from statistics
alone and 12MeV/c? with systematics,
assuming r (1700) parameters known

e To get to 3MeV/c? requires 300/fb
(~1x103%*cm=s luminosity machine)
and smaller systematic errors
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SUMMARY

e Direct limit: mg,<18.2MeV/c?
@95%CL from ALEPH

e New limit from CLEO mg,<28MeV/c?
with new higher statistics channel

e Some improvement in limit when
likelihoods combined, but loophole
remains

e Reasonable prospects for reaching
3MeV/c? at BABAR and BELLE
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