NUMI Off-Axis Beam (OAB)
Possibilities> Road to CP violations

Mayda M. Velasco -- Northwestern Univ.




OAB- Detector placed at angle from beam axis
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Off Axis allows usto change
E, spectrato optimized L/E,
for aaready design beamline!
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OAB with and without oscillations
@ NUMI low energy configuration
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Why we like OAB?

“Well defined E,

L ower High E, tails
*Higher l[uminosity at E, -peak

O(mrad) | E, (GeV)
13.6 2.2-3.6
20.0 1.5- 2.5
27.0 1.1-1.85

E = (30-50 MeV)/6:



How Is this good for the physics to come?
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Two Paths




OAB NUMI Future=> CP
violation 1n heutrino
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CC 1k/year

CC 1k/year

Compare {+) ond (—) polarities in horns
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By changing Horn Polarity
run for eltherv & anti-v  beam

Comoare (+) and (- polarties in homs
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NUMI Low Energy (/735km,10km)
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Velasco
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Optimize MaEf by letting
L =935km & r =12 km (12.8mrad)
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Better of OAB experimental

conditions can be obtained by:

o Adjust
o Adjust
o Adjust

Radius from AXIS

neam Energy

OAB experimental conditions will

Not improve by:

* Lowering proton beam energy, while keeping the
same beam intensity

* Adding Hadronic hose and not reducing pipe length



L owering Proton beam Energy
will reduce the overall beam intensity
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Hadronic-Hose will not be of great help unless

decay pipe Is made shorter to reduce ve from p-
decays
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Better beam, what about detectors?

Soudan 2 Monfe Carlo Cross Seclions
¥
L] '..'r T].srjr'
LR | n I
v 2| |
3 |
[ ]
T -
s QE
e

e Invest In detector
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e E, <2.5GeV
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Detector to be consider for 0,5
measurements at 13.6 mrad

Water MINQOS | Segmented
Cherenkov OFF MINQOS

Signal CCnu e | 0.2-0.3 0.28 0.25

Background:
NC 0.02 0.015 <0.001

Muon CC 0.005 0.001 <0.001




Final spectra (Am™=0.003,sin26=1.0, Ue3'=0.01)
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Highly Segment Iron-Scintillator
detector (SOMINOS)

 MINQOS Has shown that |arge detectors of
this kind can be built (1 plane/day)

« Scaling price and size (J. Nelson)
MINQOS: 5kt, 8mdia., 500 planes $25M
SOMINQS: 5kt, 12m dia.,875 planes $77M

*** Reduction in fiber and el ectronics
possible...also some think that we can save
In price of plastic.
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SO-MINOS and MINOS for
AM,,;?=0.003 eV2 and |U_,]2=0.01

Assume 1Kton* year FOM=5/Sgrt(BG)

EXp. Signal |va CC Vi CC |v; CC|NC | Tot.

BG
MINOS 0.85 (056 |039 0.3 2.73 |3.97
SO 040 1014 1|0.04 |0.0 0.04 |0.22
MINOS

FMOqoy/nos =09 FMO,,\os=0.44




probability

Observation Probability for this
case with v and anti-v
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SOMINQOS = 5Ktons

In presence of a PU
could have 4 times
more luminosity

to compensate for |ower
rates with anti-v



Scenarios studied 1n detail ed(old reconstruction)

e Solar Am"2 at 10M-4 CPvisble... iIf Ue3is
measurable - (TYPE |)

o SOolar Am™2 at 1-2 10M-4 CPvisible... If Ue3is
measurable, but tricky due to large uncertainties
inAmwz 2 (TYPE |1)

e Solar Am™2 at 10N-7 Can't see CP, focus
on MakEf & CPT - (TYPE III)
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TYPE Ill- Hierarchy Studies
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What 1s Next?

* Repeat all the above with L=935 km.

o Useresults from improve reconstruction in
theanalysisof TYPE I, I, Il scenarios

 All discussion in this workshop on new
target, horn, radiation, etc... are extremely
Important for any upgrade needed at NUM |
In the presence of a PU.



Conclusion

« OAB with the current design of NUMI
could provide agood reach in |U [ if we
Invest in the proper detector.

 OAB+PU could expand significantly the
reach while continuing to use the same
detector... and give access to CP violation
In the lepton sector and/or MaEf... Better
than JHF If a20kT detector Is used.



