The Experiment E787/E949 at AGS
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The Experiment, where Physicists observed one of
Rareest decay in the Nature.
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Annual Risk (L . Laudan, The Book of Risks)

1

10 E""I""I""I""I""I""I""I""I""I""?
w'F  Getting injured lying in bed 1
v F Dying in atraffic accident 3
10 E
10 "'E Electrocuted turning off alarm clock .
10k Dying falling out of bed .
1 ’E Dying from black widow spider attack .
1042 + a
Cuf K'->m vy (SM) %
o#E Struck by (former) celestial body 3
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Why the search for the Rare Decay
+ +
K =11 vV
> To measure the probability of this decay to occur, which is
predicted very precisely in the theory (SM) . Any inconsistenc
will be an indication of hew physics or some loopholes in the
way we claim to understand the Universe.
> To understand the matter — antimatter asymmetry in the Unive
The Universe is dominated by matter, rather than antimatter
when they were probably equally common in the earliest stag
the Universe. Why is antimatter so uncommon today?

> |s CP violation the answer to this matter-antimatter assy-
mmetry in the Universe?

> Does the measurement of the probability of this rare decay
sheds light on the amount of CP violation ? The answer is
“YES!!-



Standard Model and Golden Modes.

* The weak eigenstates are connected to the mass eigenstates via the
CKM matrix as:

d/ Vud Vus Vub d d
S/ = Vcd Vcs Vcb S :Vckm S
b/ th Vts th b b
VudV:b+Vch<*:b+thV:b:O Unltary Matrlx
Intermsof Wolfenstein| ; _ 2/, A AR (p—in)
Parametrization A 1-12/2 A 22
WithA =0.22 AA(l—p—in) —AA° 1

A non-vanishing value of IgTesponsible for CP violation
In the Standard Model.



Nature Provides Only few golden odes..

* Modes with little theoretical uncertainty that can be used to extract
the fundamentel parameters in the CKM Matrix.

|Vtthd|

+ +
K —1m1 vV

Ki-m’vy = Im(V, V)
B-J/yK, B
AMIAM, — IV TV ]

hep —ph /0210291, Oct. 2002
(A.J. Buras)




E/87]

949 Detector and Technique.
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3 m diameter solenoidal detector.
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Evidence forthe Decay
K'->m'vvy

e Two events were observed in the pion — momenturg 45 |
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Impact on the CKM Matrix.

o Two observed signal events can be used to

put limit on | Vid |.

0.007<|V ,|<0.030 (68%C.L.)  *eP

&
-

Withrr; (m,)=166+5GeV /c”
V ,=0.041+0.002

* Does not require knowledge of V  or ¢

OOO4<|th|<0014 -4 08 -08 -04 -02 02 04 06 08 :Hi
(PDG, July 2002) (90%C.L.) "

Kk

A B -free measurement of these parameters will be an
Important test of SM.



K+—>1T+MV
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Much acteh«@ tance below the
(B&J‘@W p

peak.

TrZ

Explore the entire pion spectrum.

More sensitive to scalar or tensor
type interactions.

Exotic Physics possibilites such as
K owhere o has some mass

X
nee&T to be examined.

Other exotic physics could modify the
pion spectrum , €.9. k*_ *J ]

Difficult Backgrounds:

1) Pion Nuclear interactions in target.
2) Ke4 Background with = and e*
disappearing in TG by absorption
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PNN2 Backgrounds and Tools.

0.
Large Background from K™ — 1" " in i
which the 1 undergoes nuclear Qammal
Interaction in the scintillator fiber
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correlation with T after T scatters in
the target.
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Ke4 Background in the PNN2 reaion

*Br(K "> m e V) : 4x10° RN 53088 Event 12492
a) No Photons in the final state to vetoﬁ.;‘ e
b) T can disappear by absorption. s}
¢) e “can disappear by annihilation. ,|

d) " momentum fallsin the momentumf
region 150 to 190 MeV/c. [

-2

* Tools:
a) ldentify eventsin data. . T
b) Find extra energy in the targetnot [ .
belonging to either kaon or positive pion. 5ty g g
c) Use data and Monte Carlo to measure the Background.
d) Fortunately, the phase space for the decay vanishes as kinetic
energy of ™ ande” goes to 0.

—4




Results from PNN2 Region

1996:.K-Stop-in-TG:q1.12 x 10" 1997:.K-Stop-in-TG:* 6. 08 x 10!

PL B 537, 211 (2002) Preliminary
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Total Background = 0.73 Total Background = 0.48

Total Acceptance=  7.65x10%  Tota Acceptance=  9.71x10™



Results from E/87 and Progress.

s K* —> n*vr Experimental Progress
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E949 At AGS

Solid Projection of sensitivity gain
from E787.
Sensitivity for Br (K "—» " v v)

of ' (9-16)x10™
Observe 5-10 SM events

in the running period of 60 weeKks
Background small (PNN1) and well

understood.

Projected to explore any incon-sistency

with SM.

Measure at 20-30% level if

Vil

E787/E949 1995-2002 Data Taking Summary
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the SM expectation is confirmed.



Improvement in Photon Detectors at
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Summary

E787 observed two candidate events for the decalk "— " vV

abowé ‘therr " r° peak with an expected backddolBe-6¥.05
Br(K'-»m'vv)=157"7x10"

consist¢ 0t #dth- M@ SNk diedittion of

Major new efforts is in progress to explore the more of the pion momentum spectrum.
‘Ifg@r [g)wnmonwntum region is dominated by scatter backgrounds. 1996
results puBZszﬁec[ . Results from the 1997 data set is to be published soon.

F949 ran for about 12 weeKs in early 2002.Analysis is in progress. ‘Expecting to achieve
the sensitivity of ‘E787. Future is uncertain.

With the improved photon detection efficiency at 949, it is expected to achieve the
required sensitivity to observe signal events in the lower momentum region also.



