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Summary of the neutrino session (#4)

e JHF-Kamioka in the international scene
e Recent progress

e Discussions
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work item

Decay volume (2003 installtion) cost estimate
Proton beam optics almost done
GPS measurement in analysis
Radiation safety ok upto 4AMW

Budget request will be in coming year(2002)

Super-conducting magnets in high radiation

Target

Horn design

Beam monitor/near detector for high precision measurements
2 km detector site

Collaboration for Proposal



Rapid progress in neutrino physics

e Atmospheric v oscillation discovered by Super-K in 1998

e Golden mode: v, < v, appearance

Ve 4+ 1), is suppressed

2
due to small Am7, v
Ami,(0y3) dominates e
Large CP contribution

Jed

e Neutrino factory for 6,3 and CP violation
p-storage ring for v, — v,

e Realistic superbeam approach by JHF-Kamioka group (2001)
Low energy and high intensity 7 — puv beam
tuned at the oscillation maximum
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Search for vy—Ve

2 1
:E '90‘?.’ ..L. S0 P
8™ — —  $6=5%
210 — —  8B6=2%
é.
&
£10
3x10°3
10
oy Nl ORATT— L SO B L O SRESESD = s  — -
S 5 JHF — 20X SK Syea "hase-11
10 1 L_L LLLl L L L L LLL} 1 Ll

1 10 10"
Exposure/(22.5ktx10?'pot)

1’ background has to be understood with 2% level.
(v physics at a front detector) 30



v, v, oscillation probability(2)
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Asymmetry

Kobayash

CP asymmetry
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Activities in Europe and Canada

“Future neutrino physics” workshop in Canada
e Physics goal: 6,3 — CP
¢ Experimental approach: Superbeam — v— factory

e Opportunities in the next decade:

— p-factory R&D

— Superbeams
CERN SPL — Frejus?
CERN 2 neutrino beam?
BNL/Fermilab — Homestake etc.?

NuMI off-axis beam
beam available in 2005, detector?
JHF-Kamioka: “most advanced program”

expect to start in 2007



Kevin McFarland, University of Rochester, Neutrino Oscillation Experiments

Snowmass Neutrino Oscillation
Summary

Where do neutrino physicists in the U.S. see the
focus of the field in the future?

“The recent evidence for neutrino oscillations is a profound dis-
covery. The US should strengthen its lepton flavor research pro-
gram by expediting construction of a high-intensity conventional
neutrino beam ("superbeam”) fed by a 1 - 4 MW proton source.

A superbeam will probe the neutrino mixing angles and mass hi-
erarchy, and may discover leptonic CP violation. The full program
will require neutrino beams at a number of energies, and massive
detectors at a number of baselines. These facilities will also sup-
port a rich program of other important physics, including proton
decay, particle astrophysics, and charged lepton CP- and flavor-
violating processes.

The ultimate laboratory for neutrino oscillation measurements is
a neutrino factory, for which the superbeam facility serves as a
strong foundation. The development of the additional needed
technology for neutrino factories and muon colliders requires a
ongoing vigorous R&D effort in which the US should be a leading
partner.”



HEFAP report

development of intense neutrino sources, based on “superbeam” facilities, and of neutrino
factories, based on muon storage rings. Several possibilities are under discussion, either
as new facilities or as substantial upgrades to existing accelerators.

An intense neutrino source will require a new (or upgraded) proton driver capable of
delivering one or more megawatts of beam power. The driver could also provide beams
of muons and kaons for rare decay studies. It could also be a first step toward a future
very high intensity neutrino factory and possibly a muon collider,

Several proton driver projects are under cansideration. [n Japan, the JHF has been
approved with a 50 GeV proton beam. Its 800 kW beam pawer in Phase 1 will ultimately
be raised to 3 MW, In Europe, a superconducting li being considered that would
use existing cavities to achieve 4 MW at 2.2 GeV. Fermilab and Brookhaven,

upgrades to existing facilities are being evaliated. Th pafades wauld deliver 1 10 4
MW beams at energies between 8 and 12( nally, & ord, a modes!
upgrade to a rapidly cycling synchrotron is being diseissed.

The far detector will be an important component of a ng-baseline experiment. This
detector could be a very large, underground waler Cherel detector that could also
mhfor pro dmy{neea4 1).

e
ernationabprogram of superbeam facilities

Fumrcstepsm ; he physicsicapabiliiesaned technical"means come into
sharper focus. Proposals for U.S. inyolveme:

-shore or off-shore superbeam
projects will be evaluated by P5 and/orfHEP APCEs appropriate, and may'become a major
part of the future U.S. particle physid perbeam facility in the United
States would cost approximately $5

Results from superbeam fagilities woultFinform a decision on whether or nol to pursue a
: orag erhaps near the end of this decade. Such

Advances in the i e, as they have in the past, from experiments
using natural sg ; jiokande experiment has confirmed atmospheric

neurrino deficit§ beyon asiirements of solar neutrino oscillations from SNO
: ul sults from reactor experiments, like KamLAND,
will poini the of solar neutrino detectors,

The new deteciors promise to M€asure the real-time flux of neutrinos produced by p-p
reactions in the Sun. Other délectors will search for neutrinoless double beta decay
resctions that can measure other important neutrino properties, and possibly determine
whether neutrinos are their own antiparticles. Both types of experiments need low-
background environments, so they could be important components of the research
program at an underground laboratory.

A23 MECO

The MECO experiment is described below in the section on Very Rare Processes.

10/29/01 DRAFT REPORT 65



Report of the Canadian Five-Year planning committee

6.1.3 Neutrinos at JHF

Recent results from the Superkamiokande neulrino detector in Japan indicate that neutrinos
may in fact have mass. The SNO experiment will provide a definitive answer to this question. If
proven lo ba the case, neutrino mass would require the Standard Modal to ba axpanded. Neutrino
mass can be accommodated easily by following the treatment of quarks in the SM, and including an
exira degree of freedom. This implies mixing In the lepton sector, which allows one flavour of neu-
tring to change into another, Measuring the properties of this mizing will have important implications
for cosmology and particle physics.

For example, 8 more sublle iImplication of neutring mixing is that there may be a new source of
CP violation beyond the known affect with kaons and the expected effect with B-mesons. Neutrino
CP-vislation theoretically can provide an explanation for why there is matter in the unhverse but es-
santlally no antimatter,

The Canadian proposal is to develop a fine grained lead scintilator calorime-
tar to be located at a next generation neufrino source, The Japanese Hadron Fa-
cility, a potantial site of an advanced neutrino source, has been funded by Japan,
although the axact imescale for ite construction is alill somewhal uncertain, The
first stage of (his facility has been funded, while the second stage, which includes
the neutrino facility, is still under discussion,

A proposal was submitted to the FYPC 1o start research and development
into calorimeter designs and protolypes. It s possible that full production will start at the very end of
Ihis five-year plan period, but it is more likaly that i will commence in the next five year period
{(2006-2007). Canada may be asked o contribute to the construction of the neutrine facility,

There is also a proposal to make a measurement of the neutrino-lead scattering cross-section at
low energy. Theoretical calculations indicate there should be a resonance (an anhancement of he
cross-section) at anergles appropriate for solar neutrine detection. The TRIUMF beam dump has
been suggested as a possible place lo maka this measurement.

Recommendation 38: JHF Neutrino Ea__:ﬂmem w
<nding Eorio: High

6.1.4 PICASSO+

If the tests to demonstrate a feasible Dark Matter detector based on superheated droplets prove
successiul, there will be a strong case for the construction of a detector of approximately one tonne.
The sclentific retum from such an Investment (s potantially snormous, both for subatomic physics

68

Subatomic Physics Five-Year Plan



Report of the Canadian Five-Year planning committee
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Report of the Canadian Five-Year planning committee

Appendix C: Budget Cutlooks for 2006-10
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Table 8: FYPC +20% Budgetary Outlook, 2006-2010,

Changes fo Stafus Ouo Budget (in Sk)
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Table §: FYPC +20% Budgetary Outiook, 20062010,
Absolute Numbers for llems that Heve Changed [Operating Excluded) in $K)

Subatomic Physics Five-Year Plan



Kevin McFarland, University of Rochester, Neutrino Oscillation Experiments

40

“Imitation is the Most Sincere Form of
Flattery”

The rest of the v world thinks so much of the
potential of the JHF 50 GeV PS. ..




Observation Probability for this
case

probability for the background to
. fluctuate up above the signal
MINOS = 5Ktons|

1
]' solid points — 10% background uncerainty
' open points — zero background uncerainty

In presence of a PD
Which gives 4 times
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@ Strawman 50 kt UHS
Fe-Scint v Detector

* A detector with 10X the fiducial mass of MINOS
* #-% X, longitudinal sampling (2.2-4.4mm Fe - =
5-10 X MINOS)
1 cm transverse segmentation
s 1 cm base friangles - yields about 1 mm position
resolution for mips
s From DO preshower test data

e This begins to look like a magretized Sondan with
much better energy resolution
*» What does this imply?
+ Scintillator
a 0.3 kt = 12 kt (24)
¢ Steel
» Straightforward extrapolation
+ Photodetector

a 1.5 X10° fibers — 25 (50) X 10¢

- Note: MINOS reads out both ends of the fiber
and then multiplexes fiber to photodetector 4:1

- This example iz non-multiplexed

C,Luv-}'_ [ cwn Vs 1 T, @ M poS



Recent progress

c- Facility report

e Decision made by the experimental group



koba)mshi
Current beam/strategy

» Discard WEBB option - smaller decay pipe
» Only OAB for long term LBL measurement
» Factor 2~3 higher flux than NBB

» Decay pipe : 80m = 130m for higher flux
» ~40% increase in peak flux

» Adjustable OAB angle X = 0.5deg.
» X still to be decided later for max. sensitivity
» Deadline: ~1year

» NBB only for v int. study at near site

» Shoot SK and possible HK site (10km=2deg
apart) w/ the same beam line

mmmmm)»> Request for facility



Decay pipe len 80m->130m
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Far d_eco_r (Super-Kamiokande)

11200 PMT(Inner detector)
1900 PMT(outer detector)

e

50 kton water Cherenkov detector -
(22.5 kton fiducial volume) 1000m



The recovery plan

( See; www-sk.icrr.u-tokyo.ac.jp for the full message from Yoji
Totsuka, director of the Kamioka Observatory)

. Invest_iEate the cause for this accide_nkt
| and find the best way not to repeat this.

. Restart Super-K with about 1/2 of the
| PMT’s by the end of 2002.

« Full recovery by the time of the
commissioning of the JHF machine.

We really need support and encouragement
from all of you.



Far detector in the 2" phase
(Hyper Kamlokande)

( STRAIGHT TYPE )



Candidate sites

Tochibora site

| site

Mozum

4

B




Candidate cites and the beam line

Super-K

Mozumi-site | . or40

Far detectors seen from JHF

\
\ } \ - 1.25°

- 2.98° (OA 2deg)

o - 3.54° (OA 2.5deg)
/; } - 4.08° (OA 3deg)




Far/ nea

r ratio (OA 2deg)

028km

~05km |




Events / 100ton / spill

events/100t/spill

Event rate

® 100 ton fiducial
volume is enough for a
near detector at 2 km.

Distance from the target (km)



Candidate place

Somewhere.

v
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Pacific ocean



Four independent studies of the neutrino flux

1. Fe-scint beam monitor at 280m (stat=x10000)
flux, cross-section, reconst. eff. from Monte Carlo

2. Fine grained calorimeter at 280m (stat=x5000)
flux and cross-section measurement = far/ near ratio
reconst. eff. from Monte Carlo

3. Fine grained calorimeter at 2km (stat=x100)
flux x cross-section measurement
reconst. eff. from Monte Carlo

4. Water Cerenkov at 2km (stat=x100)
flux x cross-section X reconst.eff. measurement

target decay detector
p—s 1K —p —=1Relike
280m 280m 2km 2km
0°Fe—scint| [fine grained| |[fine grained Water

e Understand sources of systematics at each stages
= reduction of systematic uncertainties

e Reliable estimates of systematics

e [ssential for disc Vering the v, dppearance :ﬁ'i,L‘;H;II



Candidate near detectors

¢ Water Cerenkov detector
Good for detecting particles below 1GeV
Similar systematics as the far detector
Miss low velocity particles (low energy 7 and p

¢ Fine grained detector
Good PID and vertex reconstruction
Water/CH; cross section comparison required

¢ Fe(magnetized) /scintillator /chamber detector
Good for high energy p detection

Neutrino interaction points spread in space
= homogeneous detector instead of separate function



'Gbnynsh:.
Recent progress

Neutrino facility construction group OFFICIALLY formed in KEK
(Apr.2001)
20GeV beam abort still to be settled
Primary proton beam optics almost fixed = ichikawa's talk
Design of norm. cond. mags started (Kusano)
~ Preparation section/Final focusing
Design of super conducing magnets - Nakamoto's talk
Conceptual design of low T facility done.
Optimization of target/horn system started - Hayato/ichikana s taik
Radiation shielding design - 0yama's taik
Decay pipe
~ decide to fill He |
~ heat dissipation simulated—=> hayato's talk |
~ Common decay pipe design for SK and HK
~ Started design w/ company
Long baseline GPS survey finished - Noumi's talk
Plan to include 2km detector in the same budget request
Aiming to submit budget request in 2002
> get answer by the end of 2002.



Mile stones/Schedule(Summary)
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Not all items listed. We aim to comblete construction by the end of JFY2006



Beam (50GeV) abort (fast)

For v line failure
50GeV ring failt,lr ;

1.9s 0.9s
0.14s 0.7s
injection rest
“ 364s =

I'j’osition/scheme of beam abort not settled yet.
This may give significant modification on v facility design

depending on solution .
Ll I_Urgent task




Decay pipe (3NBT cross)

15000
3000 E000

3NBT construction
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Ichikowsoo

| ——— Final Focusing
| Section

The design was done 1n strong cooperation

with J. Doornboss of TRIUMF
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\ T

%
T

Bends by 3m long 4 Tesla superconducting magnet.

lm long Quad-superconducting magnet.

FODO lattice. X 10

~ 80 degrees bending

To prevent the quenching.

the beam size and halo should be small.
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Off Axis Beam
Plan to change the axis \a::’/

NBB for n-interaction study

Bending
6 degrees momentum selection i 2Tesla X 4.0m

_ | | 1.8TeslaxXom
|
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HORN

Study for the optlmmnmn 1S just started.

This time.

target should be separated from the horn.

B = 250kA/(5 XRem) kGauss

However,
broad flux w/ target

installed upstream



Conceptual design of decay pipe

Iron pipe 3m
Able to evacuate —) Have to build in 2002
2 F g at least the part beneath 3NBT

Companson of plpe shape
- 6m y Shape Cost | ‘wra | nae | Total !
4 . . 6 1. 3 x Fa Fa I
Trapezoid pipe i1s best N -
Cooling scheme to be - e 2 )
developed. P Lo | o | o o




Result

ANSYS 5.6
DEC 10 ZDoi

Maximum Temperature 1113 | .
~300°C ]
— Need Cooling BowerSraphics

[
=]
ovah
T
aun
o

300°C 220°C
Possible solutions:
Water cooling of the wall of the decay tunnel
Circulation of He in the decay volume
etc...



Discussions

e Upgrade to 4MW in the future

Accelerator: A scheme exists and no show-stoppers.
Facility: Decay volume is OK.
Experiment: Rate in the 2km water Cerenkov high

e Far detector reconstruction (& upgrade)
“We strongly support the reconstruction of Super-K”

e What are the critical R&D items?
Target design, near detector design

e Budget request of the neutrino line
Budget request will be submitted in the next fiscal year
A priority list will be prepared by the JHF office:
= Neutrino line is a high priority

e Collaboration and proposal
schedule and procedure
foreign interests and possible “in kind” contributions
Agreed to form international collaboration to
write a proposal.

Quick and full approvel. of the budget

Quick ramp up of the beam intensity
(full iafensily in 2007 p



