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ü  BAU constraint is model-dependent (shown below for νMSM) 
ü  Seesaw limit is not. It is a “bottom-line” 

SHiP	  
SHiP	  SHiP	  

Can one further improve SHiP sensitivity   
(under condition that background stays at ~zero level) ? 
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Signal yield 
ü  In reserve (at the generator level): 
 
   -  Include cascade production of charm in the simulation  
      Tune PYTHIA to reproduce correctly the production of charm 
      in pp and πp collisions  (see talk of Hans on Friday) 
 
ü  Non-trivial factors 

    -   Increase total number of p.o.t. at SHiP 
      -  Number of protons per extraction 
      -  SHiP share of the SPS protons 
      -  Running time 
 
 
 
    -   Maximization of the SHiP acceptance  
      -  Length of the muon shield 
      -  Can one shorten the length of the muon shield using 
         a superconducting magnet for the first section 
      -  Length and conical shape of the decay volume 
         (see talk of Hans) 
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Optimization of sub-detectors 

Assume shortened distance (compared to TP) between the target and  
the decay volume, and the conical shape of the decay volume  
 
ü  The dimensions of all upstream sub-detectors have to be re-optimized  
      - Tau neutrino detector 
      - Upstream Veto Tagger 
      - Straw Veto Tagger 
      - Surround Background Tagger 
     
ü  The dimensions of the Main spectrometer, Timing detector, Calorimeter 
     and Muon system will not change compared to TP 
      - Require proper optimization on the basis of the cost-to-performance ratio 
        - New PID detectors may be needed 
            - To secure background at zero level at increased sensitivity 
            - To enhance photon reconstruction for new signal channels, 
               e.g. ALP à γγ (see talk of Walter) 
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Evacuation of the decay vessel 
The pressure inside the decay vessel has been assumed in TP to be 10-6 bar 
At this pressure the background from the interaction of the ordinary neutrinos 
with the remaining air is totally negligible 
 
ü  Can one relax the requirement to vacuum using extra suppression by 
      - surrounding veto tagger (optimize its granularity) 
      - pointing requirement … 

ü  Can one replace the vacuum vessel with the He bag  
     (see talk of Geoff) 
 
       It has to be tested 10 times that background due to neutrino 
       interactions with He, and worsened momentum and invariant mass 
       resolution due to multiple interactions, can be tolerated ! 
          
            à much simplified engineering design of the decay volume 
            à possible replacement of Liquid scintillator with plastic scintillator 
 
      For the time being both the vacuum and Helium options have to be pursued  
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Milestones for the SHiP optimization  

ü  Agree on the length, and the design of the muon shield (magnetization of 
     the hadron absorber, SC magnet vs conventional magnet for the 1st section, 
     geometry of the wings for the 2nd section, etc…)  
 
ü   Construction of the decay volume: vacuum vs Helium option 
 
      - Decay vessel for the He option requires relatively modest engineering effort 
           - Can be made of “any” shape  
           - Thickness of the He bag is negligible 
           - Design of the surrounding structure, understanding of the corresponding 
             material budget 
 
      - Decay vessel for the vacuum option requires big engineering effort. 
        VERY URGENT task ! 
             - Can it be of conical or trapezoidal shape ? 
             - Can it made of concrete, or other “technological” material ? 
             - Material budget ? 
             - Actual cost of the structure   
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Milestones for the SHiP optimization  
ü  If Helium option: 

      -  Optimize the granularity of the SBT made of plastic scintillator (or mixture 
         of plastic and liquid scintillator) 
         The cell size is determined by backgrounds from em-showers, cosmics, …  
  
      -   Possible replacement of the straw tubes with the planes of multiwire drift 
          chambers, or even a use of the He vessel as a gigantic TPC ? 

 

•  The wire length is 2400 mm 
•  The sense wire is 30 µm diameter 
      gold-plated W, the field wires are  
      125 µm diameter unplated Al 
•  The working gas is 50/50 mixture 
      of He/C2H6 , which has ~650 m 
      radiation length. The large ethane 
      component also provides good 
      dE/dx resolution 
•  1.5 T Magnetic field  
 

Fig. 9. The !P
!

distribution for cosmic-ray tracks that pass
through the region !2.04dz43.0 cm, "dr"42.0 cm,
"tan #"40.2 and have 0.84P

!
41.2 GeV/c. The mean value of

!P
!
is shifted from zero because of ionization energy loss in the

material surrounding the vertex.

Fig. 10. The P
!
dependence of P

!
resolution for cosmic rays. The

"tted result ((0.201$0.003)% P
!
!(0.290$0.006)%/$) is

shown as a solid line. The dotted line (0.188%P
!
!0.195%)

shows the ideal expectation for $"1 particles.

Fig. 11. The !P
!
/P

!
distribution for P

!
"0.8}1.2 GeV/c cosmic

rays. The negatively charged particle distribution (closed circles)
is scaled so that it has the same area as that for the positive
charges (open circles).

from the sigma of the !P
!

distribution using the
following formula:
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Fig. 9 shows the !P
!

distribution for cosmic-ray
tracks with momenta in the range 0.84P

!
4

1.2 GeV/c which satisfy !2.04dz43.0 cm,
"dr"42 cm and "tan #"40.2 cuts. The o!set of the
mean value is about !4.0$0.2 MeV/c which is
caused by ionization energy losses in the materials
contained in the vertex region. The amount of these
materials is about 0.002X

!
. A GEANT-based

Monte Carlo simulation indicates that the energy
loss of a track with P

!
"1 GeV/c going from the

interaction region into the CDC is about 2 MeV/c.
Therefore, a cosmic-ray penetrating the entire in-
teraction region loses about 4 MeV/c in the vertex
region, which agrees with the measured momentum
shift.

The P
!
resolution as a function of P

!
is shown in

Fig. 10: it is parametrized as (0.201$0.003)%
P
!
!(0.290$0.006)%/$ (i.e. 0.35% for 1 GeV/c P

!
).

In the track "tting, hit points that deviate from the
"tted trajectory by more than 2.5% are not used;
the average number of used hits is 43. For this case,

the expected ideal resolution is 0.19%
P
!
!0.20%/$, which is also shown in Fig. 10. The

measured P
!
resolution is consistent with the expec-

tation within 0.1% for P
!
between 0.5 and 5 GeV/c.

The di!erence mostly comes from the second term,
which includes various systematic e!ects in addi-
tion to multiple scattering.

Fig. 11 shows the track charge dependence of the
P
!

resolution. There are no apparent particle-
charge-dependent systematic e!ects.
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Fig. 6. The measured axial component of the magnetic "eld
produced by the BELLE solenoid. The nominal value of the
magnetic "eld inside the CDC is 1.5 T. The di!erence between
the minimum and maximum values along the central axis is
about 4%.

Fig. 7. The tan ! dependence of the P
!
di!erence between recon-

structed down and up cosmic-ray tracks. The closed circles are
corrected by applying the Kalman "ltering technique to the
track "tting. The open circles are without correction for the
non-uniform magnetic "eld.

Fig. 8. Spatial resolution as a function of the drift distance.

respect to the main end-plates was determined us-
ing cosmic-ray data. The rotations and translations
required were found to be less than 200 !m, which
is consistent with the estimated construction accu-
racy.

Fig. 6 shows the z dependence of B
!
, the axial

component of the magnetic "eld, which was mea-
sured before CDC installation. The non-uniformity
of the magnetic "eld is about 4% along the central
axis, a non-negligible value for track deformation.
When track-"tting is done with the assumption of
uniform magnetic "eld, the obtained transverse
momentum is systematically shifted. We used a Kal-
man "ltering method [16,17] with the measured
magnetic "eld map to correct for this systematic
e!ect.

Fig. 7 shows "P
!
as a function of tan ! for cosmic

ray tracks which pass through the interaction re-
gion, with and without corrections for the non-
uniform "eld. Here we de"ne "P

!
as the di!erence

between the P
!
of the up and down tracks accord-

ing to the following relation:

"P
!
"P"#$%

!
!P&'

!
. (5)

Because the asymmetry of the magnetic "eld be-
tween the forward and backward regions increases
with z, events with larger #tan !# also have larger
"P

!
values.

After all of the above-mentioned corrections, we
determined an overall spatial resolution of 130 !m

for the cosmic-ray track sample. Fig. 8 shows the
spatial resolution as function of drift distance. The
spatial resolution for tracks passing near the
middle of the drift space is less than 100 !m.

4. Measurement of the P
!
resolution

4.1. Cosmic data

Since the resolution is the same for both tracks,
the momentum resolution ($

"!
) can be determined
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BELLE Central Drift Chamber 
with minimal material budget 
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Critical R&D topics for sub-detectors 
(see talk of Richard) 

ü  We expect a quick summary from the sub-detector conveners 

ü  A few examples: 
    -  Tau neutrino detector: 
          - choice of technology for the Target Tracker 
          - Optimization of the geometry and materials for the neutrino target 
          … 
    -  Upstream Veto Tagger 
          - Understanding of the minimal Scint. Thickness to produce sufficient Light Yield 
            Is it really needed ? It should be optimized together with the Straw Veto Tagger 
            and V0 decay volume in between 
 
    -   Surround background tagger 
        - What prototypes are needed for both Liquid and Plastic scint. options 
 
    -    Calorimeter 
        - Are we sure that the “shashlik” technology provides the most effective solution 
          If not, what prototypes are needed? 
        - R&D on the pre-shower module that can provide 1 mm spatial resolution   
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Conclusion  

Please can we count on your active participation in the SHiP optimization, 
starting from discussions at this meeting   ! 

SHiP optimization campaign should be taken with highest priority ! 


