
	  
	  
	  
	  
	  

What shall we learn from the COMET ?  
 

Phenomenology & Physics   

 

                      G. Kozlov, JINR 
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Project COMET:  
Experimental search for coherent neutrino-less  

µ - e conversion at J-PARC   

J-PARC 
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Flavor	  viola)on	  	  	  
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not observed 



CLFV can be investigated  in many different processes.   
                    The instructive ones are  processes with muons

In the SM the branching
ratios of the CLFV muon decays
are almost vanishingly small and would not 
be applied to an experiment 
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In theories BSM the branching
ratios of the CLFV muon decays
are not vanishingly small and would
have an experimental approach 

    An observation of the conversion           would mean manifestation 
    of NP beyond the Standard Model, and hence the results of the experiment 
    could be of fundamental importance. 

µ! e



In 1947, B.Pontecorvo
and E.P.Hincks  

established first search 
for µ→eγ by using 

cosmic rays:
upper limit BR ~ 1%

process present limit (PSI) future

µ→eγ <5.7 x 10-13 (MEG, 2013)      <5.0 x 10-14       MEG at PSI

µ→eee <1.0 x 10-12 (SINDRUM, 1988)           ~10-16      as a new proposal at PSI approved 

      µN→eN     <7.0 x  10-13 (in Au) (SINDRUM-II,2006)           <10-16 -17  COMET / Mu2e    J-PARC/FNAL

The goal of COMET 
(as well as of Mu2e) is 
to observe the pure 
µ-e conversion 
events.  
 
Four order  
improvement in uBR 
expected! 
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 eµ! "u  
In the EW theory the dominant process is 
t !W  b ! l "l  b  l = e ,µ ,#( ), where 
 

! W " l #l( ) =GFmw
3

6 2$
  that means 

 
eµ!- universality (for all leptons) 
 
! Can one suppose this rate is violated for diff. l-flavors? 
• Yes, UA (1) & UA(2) experiments @ CERN for e &µ  
! What is the origin? No explanation in SM EW. 
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V : !Z ,Uv ,... "µ( )
S : Higgs ,U s ,... 1( )

Ps : Higgs( 2HDM ),U Ps ,... "5( )
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• Could we see something else –  
    not  in terms of SM? 
 

In the absence of an explicit sector that breaks gauge invariance, the 
interactions of SM gauge bosons with fermions are approximately 
conformal down to QCD scale. 

• Should one expect new stuff?  
            Great! 
• Scale invariant hidden world? 
 
The question of what triggers gauge symmetry breaking in 
the SM is tied to the dynamical breaking of scale invariance. 

GK, ICHEP2014 Report 

 
 
 
 

 
   
 



No CONFORMAL INVARIANCE 
�  At the quantum level, dimensionless couplings 

depend on scale: renormalization group evolution 

 

                 QED                                         QCD   

                          are not conformal theories 

g 

Q

g 

Q



 
 
 
 
 
 

Couplings of hidden & SM sectors. 
 

3 characteristic scales:   

-Hidden sector couples at M 

- Conformal    

- EWSB       CSB at 

Conformal anomaly appears
  

•  The hidden sector (the unparticle stuff) physics is only possible in the conformal valley 
 
•  Width of this valley depends on  
 

g 

QM ΛU !

M , !U ,  !

! < !U < M

 Q < !!

d ,  ! ,  !U ,  M
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What does COMET measure? 

R
µe
exp =

! µ" + A ,z( )# e " + A ,z( )$
%

&
'

! µ" + A ,z( )#vµ + A ,z "1( )$
%

&
'
= excess ?

Standard capture 

!"#$%&$'( Rµe
exp ~ 10!17 !"#$%&'"&()*"+,&$*"

! !"#$%&'#&()*+,-#-%./,-0##
µ! e !"#"$%"!&!'$#&(#!"#"&)**##~ O TeV( )
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 Puzzle of 

!"#$%&$#'()*&$#'('+&%',## Q ~ O M( )

!!"##$%&'()*#!!µ! e .

!!""#$%&'%(%)*+#
the nearly conformal (matter) sector couples in the 
UV to the HIDDEN world through the exchange of 
heavy state(s), the messenger(s) 

!"#$%&'&
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!
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#
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Below  UV  M : 1
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) E .g .,  µ! e .
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 Puzzle of !"#$%&'()*+,&-../+++!!!"##$%&'()*#++µ! e .
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 !"#$%&#'(')*+',##

obeying the SM and the unparticle insertions  
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 !"#$%

No explanation in the SM. Origin is unknown. 
However,  the transition  

l ! "l

l ! "l H!"#$%&'()%# !"#$%&'!((
(!"#$%&'())#*+,(-#
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 !"#$%&#$'()'*)!
µe )

!"#$%&'
Q ~ Etotal

! ,   M >mZ

ptotal
! "

120MeV / c ,  Backward  scattering
200# 400MeV / c   Forward  scattering

'
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COMET collaboration	  

129 collaborators
 28 institutes, 11 countries
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Proton beam                        J-PARC
requirements                  current (nominal)
for COMET:                         parameters

8 GeV energy                     30 (50) GeV
beam power 56 kW         450 (750) kW

J-PARC beam is used not at full power

An effective pion capture 
and muon transport 
scheme will provide the 
muon beam of  1011 s-1 
intensity, that is 3 orders 
of magnitude higher 
than the current world 
best.
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Electron transport and

Highly efficient transport  
system of curved and straight 
superconducting solenoids 
with a field from 1 to 5 Tesla 

23 October 2014G. Kozlov, INR Seminar



Electron transport and
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Electron transport and
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Electron transport and
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To reach the goal of increasing sensitivity by several orders  
of magnitude, it is extremely important to study experimentally all  
sources of background. 
 
High-end technology of the muon beam line and performance of  
the detectors should be tested and well understood. 

Two-phase approach in COMET.

 Phase-I (since 2016 up to 2018) :
1) Direct measurement of potential background sources 
    by using the actual COMET beam line.
2) A search for µ - e conversion at intermediate sensitivity 

               ~10-15 what is ~100 times better than the current  
    SINDRUM-II limit.



Phase-II (starting from 2019):
COMET experiment with the declared sensitivity of ~10-17.

For these two 
tasks different 
apparatus will 
be used 
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Summary of COMET Phase-I/Phase-II 
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Phase-I Phase-II 
Experiment start 2016 2019 

Proton beam power 3.2 kW (8 GeV) 56 kW (8 GeV) 

Running time 1.5 x 106 s   (~ 1 month) 2 x 107 s   (~ 1 year) 

# of protons 3.8 x 1018 8.5 x 1020 

# of muon stops 8.7 x 1015 2.0 x 1018 

Muon rate 5.8 x 109 s-1 1.0 x 1011  s-1 

# of muon stops/
proton 

0.0023 0.0023 

# of BG events 0.03 0.4 

Single event 
sensitivity 

3.1 x 10-15 2.6 x 10-17 

Upper limit (90% 
C.L.) 

7 x 10-15 6 x 10-17 
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COMET, Phase I



JINR participation in COMET 
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1.  Electromagnetic calorimeter                      start of realization 

2.  Straw tracker                                              start of realization                                           

3.  Simulations                                                 start of realization 

4.  Data analysis                                              to be started later 



JINR-‐KEK	  prototype	  assembly	  studies	  
at	  the	  JINR	  VBLHEP	  straw	  produc?on	  facility	  
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Summary
	  
	  
	  

Mu-‐e	  conversion	  at	  the	  level	  	  10-‐17	  would	  be	  the	  big	  challenge	  
and	  the	  great	  discovery	  poten?al!	  	  

	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

	  

	  NP	  is	  approached	  soon!	  



Thank you for your attention!


