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Intensity of charged particles
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Higgs Bosons – H0 and H±±
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Fundamental Investigations:
•DUBTO - Resonant behaviour of the both the ppπ-
and nnπ+ systems, produced in π4He interaction.
•MUON – Investigation of the muon properties and 
the muon interactions with matter.
•FAMILON - The study of the two-particle muon
decay on an electron and golston's massless boson.
•μ-CATALISIS- Measurements of muon cataslazed
fusion cycling rate temperature dependence in a 
binary mixture D/T in the temperature range 40-300 
K.

Applied investigations:
Cancer therapy;
SAD- Energy Amplifier

Machine development:
Upgrade of the Phasotron and its beam channels;
Design of external injection in the Phasotron.

OPERATION OF PHASOTRON (hours) 
03.02-29.04.2003

Dzhelepov Laboratory of Nuclear Problems
Investigations at Phasotron

(users’ request facility)  Medicine  667 
                                

DUBTO           357 
  

 
Energy Amplifier (SAD)        65 

 

Nuclear Spectroscopy (YASNAPP)    111  
 

 
Machine development       198  

 
      

MUON           238 
 

TOTAL ACTUAL TIME IN 2003    1805  
         

 
PLANED TIME IN 2003      2370 

 





μ→е+α



Familon could serve as an axion in solving the strong CP puzzle. 
Familon is also desirable in cosmology: the large-scale structure of 

the Universe could be naturally explained by the neutrino mass ~ (40 
– 100) eV if such a “heavy” neutrino νH decays rather rapidly (108 –
109 years) to the “light” neutrino νL  (m(νL) < 10 eV) and the 
familon.

The most stringent constraint for the couplings of the familon is 
imposed by the absence of  K+ →π+ + α decay. This decay, however, 
occurs only due to scalar interaction of familon: for pseudoscalar 
coupling the matrix element <π⎥ s iγ5d⎥K>  vanishes by parity. But 
nondiagonal in flavour couplings of pseudogoldstone bosons can 
well be both scalar and pseudoscalar ones. For this reason the search 
for the μ→e + α decay appears to be important for the familon 
hypothesis, since scalar and pseudoscalar couplings contribute 
equally in this case.



The interaction of familon with massive neutrino leads to decay  
νH → νL + α with
τ(νH ) = (16 πην

2) /[m(νH)2m(νL)]
If  τ(νH ) ≈ 5.108 years, m(νH)≈100 eV and  m(νL)≈ 10 eV
It requires ην ≈2.108 GeV.
Note that the absence of   K+ →π+ + α decay implies 
ηsd >8.109 GeV for the scalar coupling of familon.
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Searches for Goldstone Bosons (X0)



Search for right-handed currents in muon decay



P(e+)/p(e+)max



TRIUMF limit on familon
The decay rate μ→eα was added to the 
fitting function  for the spin-held data.
Was obtaind the 90% confidence limits

Rα<2.6 10-6

ημe >9.9 109 GeV
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Crystal Box
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The aims of simulation
procedure were:

1. Optimization of the
geometry arrangement of the
set-up elements. 

2. Analysis of the action of
the density substances along
the positron trace.

3. Evaluation of the positron
momentum measurement
precision.

4. Calculation of the
positron detection
efficiency.  



FAMILON: Angle measurement precision

Two factors must be taken into account:
1. Errors in measuring of
coordinates due to discrete
disposition of sensitive wires in
proportional chambers.

2. Positron multiple scuttering
in air between the chamber
samples.

Both factors depends on
distance between the samples.

Optimal distance is determined
by the minimum of the total
presicion.

defines the distance between blocks of prop. chambers bihind magnet.



e+

target μ

Momentum measurement precision is determined by
coordinate precision



Efficiency of positron registration ε depends on energy E and angle θ
of positron ε = F(E, θ).

ε is defined by geometrical
disposition of the magnetic
spectrometer elements: size of
the magnetic field region, scale
and location of the proportional
chambers and distance between
the target and spectrometer. 



The results of the methodical run are demonstrated the conformity of the
realized simulation



1. Extreme precision (vacuum elswhere) - 5 10-4

2. Maximal precision for the avaliable
design of proportional chambers
(vacuum + 3 plane of the)      - 2.5 10-3

3. Vacuum only in inside of the magnet - 5 10-3 

4. Helium elswhere - 3 10-3

5.  Air elswhere - 9 10-3

6. Vacuum inside of the magnet, helium
in the residual volume - 2.6 10-3

Predicted relative precisionσP/P of the positron momentum
measurement for different Sut-up modification. 



CMS ATLAS

LHCb ALICE

LHC



CMS



Пияф должен был
изготовить 

120  
6-слойных камер

500 000 анодных
нитей



CSC Production at PNPI
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PNPI CSC FactoryPNPI CSC Factory



Assembling with electronics



PNPI Fast SitePNPI Fast Site



Transportation to CERN
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CROS3 Координатная Cистема
Считывания
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SD_96 CARD 

SB CARD         
(512 CHANNELS)

AD_16 – 16-канальный усилитель-
дискриминатор

SD_96 – Системный  модуль 
синхронизации, задержки и кодирования 

SC_16 – Системный концентратор 
данных

SB- Системный буфер и интерфейс



CROS3 Координатная Cистема
Считывания



CROS3 Структура
Detector
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Serializer
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L1 System Buffer 1

Front-End 
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L2 System Processor T2
PCI Bus: ~130 MByte/ sec

Custom Electronics In Counting Room
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T1, Clock

Custom Electronics On Detector
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Optical Link                     
~ 1.2 Gb/ sec

L1 System Buffer N
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CROS3_PWC Архитектура

TRIGGER
LOGIC

Pre-Amp : AD_16 
(CMP16_g based)

MWPC

Digitizer: CD_96 

Ethernet

System Buffer: 
CB_1536

Host Processor: 
IPC_610

Concentrator: CN_1536

Optical Cable

Copper Cable 7CAT

Counting Room

Detector Area

1000 Channel in 2005                 
Parameters:                  

Delay 10 – 1280 ns    Gate 
10 – 640 ns            Trigger 

Rate ~100KHz



Энергетический разброс пучка после мишени
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Рис. 5. Временное разрешение РРС газовым зазором 1мм (в одном канале гистограммы 
0,625 нс).

Рис. 6. SR - спектр.



Project FAMILON II

In order to improve of the TRIUMF experiment  and to get 
Rα≤3.10-8, it is necessary to have the energy  resolution 
Δε/ε~10-4, the time measurement accuracy of 250 ps, the solid angle 
Ω~1.2 sr, and the rate of muon stops of 2.106 s-1. It takes 
approximately 1000 hours of beam time on the 99% polarized 
“surface” muon beam. 

To realize it, we propose to create the μSR-spectrometer using the 
Time Projection Chamber to measure the momentum of a positron 
and a set of the Plane Parallel chambers as an active target to obtain 
the μSR-spectrum.





Фазовые контрасты МСМ режима поверхности исходной трансформаторной стали. Профилограммы
вдоль оси Y при X = 4 мкм и X = 2 мкм соответствующих сканов



Топография и фазовый контраст МСМ режима поверхности намагниченной трансформаторной стали
Профилограммы фазового контрасты выполнены вдоль оси Y при X = 2 мкм (верхняя) и X = 4 мкм

(нижняя)



Топография и фазовый контраст МСМ режима поверхности отожжённой трансформаторной стали. 
Профилограммы фазового контрасты выполнены вдоль оси Y при X = 2 мкм (верхняя) и

X = 6,5 мкм (нижняя)



Рис.1. Схема постановки эксперимента.

См. Приложение 1.



СЦ- сцинтиллятор;
ПК1-ПК3 – пропорциональные камеры;
РРС- плоскопараллельная камера;
ФЭУ1-ФЭУ2- фотоэлектронные умножители;
ПУ- предусилитель;
4ФК- формирователь с компенсацией амплитудного влияния;
Ф- формирователь;
Д- дискриминатор;
ПВК- преобразователь время-код.

Блок-схема регистрирующей электроники детектора.



Рис.2. Детектор для muSR2-эксперимента.

коллиматор



Рис. 8. Работа TDC (то же самое, что и рис. 7).



Рис. 10. Координатная система ПК2 (X1, Y1).



Рис. 11. Координатная система ПК3(X2, Y2).
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