The upper limin on the K*-> n°n’n’e*v decay

Alexei Kulik, INR RAS

A. V. Artamonovl , V. N. Bychkov3 , S. V. Donskovl , A. P. Filinl , S. N. Filippov2 ,
A. M. Gorinl , E. N. Gushchin2 , A. V. Inyakinl , G. D. Kekelidze3 , G. V. Khaustov1 ,
S. A. Kholodenkol,b , A. A. Khudyakov?2 , V. N. Kolosovl , V. |. Kravtsov2 ,
Yu. G. Kudenko2,c , A. V. Kulik2,a , V. F. Kurshetsovl , V. A. Lishinl, V. M. Lysan3
M. V. Medynskyl , V. F. Obraztsovl , A. V. Okhotnikov1 , V. A. Polyakov1l ,

A. Yu. Polyarush2 , V. I. Romanovskyl , V. I. Rykalinl , A. S. Sadovsky1 ,

V. D. Samoylenkol , M. M. Shapkinl, I. S. Tiurinl , V. A. Uvarovl , O. P. Yushchenkol ,
B. Zh. Zalikhanov3

1 NRC "Kurchatov Institute"- IHEP, 142281 Protvino, Russia
2 Institute for Nuclear Research — Russian Academy of Science, 117312 Moscow, Russia
3 Joint Institute of Nuclear Research, 141980 Dubna, Russia



Upper limit K*-> n°nne*v

We improve it considerably

Expected ~ 10X

BR<3.5x10° (PDG 2023)

Limited phase space enhance mm-scattering in
final state

- atom T — Agy - o

BR(Az: - m°n%) = 100%

T=3x10" sec

m = 2m;,
\ 4-body rather than 5-body decay
\ . ®, = 108 ds
BR T
Blaser S 1995 Phys Lett B 345, 287-290
n’e*v 5.07x102
ety 8.5x1012 We can not

A,miletv 8.8x108 We can



All available data analysed (2012, 2013 and 2018 runs)
No signal

Also identified
e 0%V normalization

« 2n%e*v  cross check, 13" bang principle
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1. Beam spectrometer: 1mm pitch BPC ~1500 channels; Sc and (¢ counters
2. Decay volume with Veto system:
L=11m; Veto: 670 Lead-Scintillator sandwiches 20* (Smm Sc+1.5 mmPb), WLS readout
3. PC's, ST's and DT's for magnetic spectrometer:
~5000 ch. PC (2 mm pitch) + 1300 DT (1 and 3 cm)
4. Pad(Matrix) Hodoscope ~300 ch. WLS+SiPM readout
5. Magnet: aperture 200*140 cm?
6. Gamma detectors: GAMS2000, BGD EM cal. ~ 4000 LG.
7. Muon identification: GDA-100 HCAL + 4 muon counters (uC) behind
8. For some runs Cu target inside decay volume was used: ©@=8 cm, t=2mm and C3 big Cerenkov counter

The main triggers S,°S,S3°C1 Cy Sy Egams>2.5 GeV |U(2<MH< 4]
Prescaled triggers S,'S,-8,CC,;S, /10 S-5-5-C-C;S uC/4

3.65x10° decays, 8x108 with 1 track



Event selection

- Single track identified as €.

* 11°-mesons found in search through yiy;combinations. Nqo = 1,2,3.

non’e*v mon’nle*v
e* ID E/p E/p OR C;
E, >0.5 GeV >0.3 GeV
N, 2,4 > 6
GDA showers 0

e* track segments 2
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m°mletv

Fit MC to G+G
Fit data to MC shape + P2
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Matrix elements

M ~ (&va(l + v5)v)Ha

Lorentz invariance + Bose-statistics limit hadron current to

Ho = flpa + f3(ke + kv)a eV
= f1(p1 + P2)a etV
e’V

= f1(p1 + P2+ P3)a+ f4Qq,

~ {(p1 - p2)p3}ties
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P1P2=My*> — q=pP1+ P2+ Ps3, Ha=(f1 + 1)(p1 + p2 + p3)



Branching ratios

Decay Events € BR PDG
ety 8.4x10° 1.08x102 Normalization (5.07+0.04)x102
Orety 896151 2.3x103 (2.54£0.14)x10> | (2.55£0.04)x10°
01070+ 0 1.89x103 <5.4x10% <3.5x10°
eV 90% CL 90% CL

falf1=-3
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Systematic errors

 f,/fiunknown, BR can be 10% less
* BR(K* - m%e*v) = (5.07£0.04)%, <1%

BR(n’t%e*v) agrees - ¢€’s are correct to £6%
O: IS only 2" order correction to upper limit
n=(xoy)B, n=0, B<?

1 z?
/exp [—(e+x)B — 202] dzx =

2To .
2 2
e A=cB [1—(E> X ﬁl ~ eB [1—1.15(3) ]
€ 2 €
2
2.3 [1 + 1.15 (E) ] : %e << 1. Roger Barlow, “Systematic Errors: Facts and Fic-
€ & tions”, arXiv:hep-ex/0207026v1 6Jul 2002
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Conclusion

BR(K" - nn’ne*v) < 5.4x10° 90% CL

65 times better than current PDG
Background-free experiment
BR ~ 1/M rather than 1/VvM

Paves the road for future high-statistics experiments
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