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Very long baselines with a superbeam

Quasielastic cross section
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An experiment searching for signal at high
energies may not need much more anti-neutrino

running than neutrino running.
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Very long baselines with a superbeam

Very long baselines with a superbeam

o S
I . =
= 5 - & = o .
22 2 g . Event Rates with Neutrinos
- o0 - now .
RN 5 8 %‘ S 3 Assume 1 MW, 500 kT Fiducial, 5 x 107 sec
= & E '; 5 8§ running. (1.22 x 10?? Protons at 28 GeV.)
o = o B
— B, 5 g = ; Assume Water Cerenkov detector (with ~10%
= = 3 4 =5 &
Z Zz S 2w 5 e PMT coverage)
mm < BEE B8 &
— - e o - g CCuyy,+N—-pu +X 51800
am NCv,+N—-y,+X 16908
2 - CC v+ N e +X 380
Fe] .
- QEv,+n—pu" +p 11767
; QEv.+n—e +p 84
8 g CCy,+N—-pu +nt+N 14574
/M 5 NCv,+N—v,+N+a° 3178
z NCvy,+0% -y, +08 7% | 574
B 2 CCv,+N—-1"+X 319
o
(if all v, — v;)
g Backgrounds to clean (QE) events SMALL
E NC dominated by elastic and single 7.

Low 7 production.
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Very long baselines with a superbeam

v, DISA PPEARANCE

BNL-HS 2540 km

250
sin*20,, = 1.0

200 Am, 2 = 3.0e-3 eV
1 MW 0.5 MT Syr

150 . Nooscillations: 13290 evts

With escillations: 6735 evis

100 . Bekg in oscillnted signal: 1255 evts

0 1 2 3 4 S5 6 71 8 9 10
Reconstructed Energy (GeV)

Node pattern provides high Am3; resolution.

Energy calibration is very important.

Flux normalization not important for

measurement of sin® 2653

Background shape can be measured independently
8 I )
Minimum systematics in v, and ¥, comparison

Very long baselines with a superbeam

v, DISAPPEARANCE

BNL-HS 2540 km

Events/bin

250 [
sin’26,, = 1.0

200 | Am® = 2.5e3 eV’
1 MW, 0.5 MT, 5e7 sec

150 | ——  No oscillations: 13290 evts

With oscillations: 6538 evid

Background: 1211 evts

100

& T FE 3 M N2 T & E B
Reconstructed v Energy (GeV)

Node pattern provides high Am3, resolution.

Energy calibration is very important.

Flux normalization not important for

measurement of sin® 26a3

Background shape can be measured independently

Minimum systematics in v, and 7, comparison

Milind Diwan
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Very long baselines with a superbeam Em/ E' - E i i ’
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Eohreh V73K
BWh « Falbel
Very long baselines with a superbeam
dcp Measurement. BNL-to-HS,
o 1 APPEARMNCE 2540 km, 1 MW, 500kT, 5 x 107 sec
! sin?20,(12,23,13) = 0.86/1.0/0.04
9 Am*(12,32) = 7.3e-5/2.5e-3 eV’
! Black: & = 0° Ve APPEARANCE
B £ - 2 km
: a o f sin’20,,(12,23,13) = 0.8/1.0/0.04
N P TR -E Am2 (21,32) = 6.0e-5/2.5¢-3 eV’
L g 80 |- 1 MW, 0.5 MT, 5e7 sec
r ]
2 6 [ 7 L ‘{’ —_ CP135°: 528 evis
E L
é L 60 L + + ... CP45°: 414 evis
a 9pF P
g s0 I §": 3 v CP-45%: 294 evis
[ 4 = H H
- o b : + __ Tot Backg.: 146 evis
8 30 : + ... v Backg.: 70 evis
) .:_ 20
10
1 =
9 e .
%5 Reconstructed v Energy (GeV)
Eneray (GeV)
CP parameter can be determined from only neutrino data.
Good background subtraction can help.
Milind Diw:
[E i i "v] ilin iwan
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Very long baselines with a superbeam

Measurement of sin? 26,5 90% C.L.

90 % C.L. for Sin*(26,,)

°L,0.006
2 / \
1)
o
Eo.oos - o \
N
i @
| £ s | 8
&1 9 % s \3
0.@4 _-E E U;
& = g
= = 5.
=
Q
0.003 ~§
o
2
0.002 —ﬁ_
4
0001 |=
0 AR Sy T | . e I —
107 107 10"

. 2
Sin“26,,

Distinctive signature with multiple oscillations
above 0.001 eV?

Milind Diwan

Very long baselines with a superbeam

Measurement of 6op = 45°
No anti-neutrino running.

90 % C.L. for 5 vs sin” 26,,

o I
o i
*© 150 STAT+SYS
100
m Py USRS T, B, VR - . I, i prhaah..,
n rrrrr
-50
-100 i : i
BNL-HS 2540 km :
sin’20._(12,23,13) = 0.8/1.0/0.06
ii G.5;MT.5yr |
!
0 0.02 0.04 0.06 0.08 0.1 0.12

2
Sin26,,

Systematic error of 10% on backg.

Am3, =6 x 1075%eV2, Am2, = 2.5 x 107 3¢V/?
sin? 20,5 = 0.8, sin® 2053 = 1.0

dcp = 45°, sin’ 20,3 = 0.06

68%, and 90% C.L.

Milind Diwan
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Very long baselines with a superbeam

Error on dop vs sin? 26,5

Resolution 3., vs Sin°20
7
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N\
g

iy
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=
—

150

L
e
e ——— .

100
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-150
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e
e
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o
Q
B
o
(=]
(=]
(=]
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Assume all other parameters are well-known.
AmZ; =6 x 107%eV?, Am3, = 2.5 x 107 3eV?
sin” 201, = 0.8, sin® 20,5 = 1.0

Milind Diwan

NC 7’ background for v, — v,

° Energy in NC(n°) events

§104 veN—= P+ N+v
£ BNL wide band
- Effect of Fermi Motion included
103
PUT SIGNAL ABOVE 3 GEV
10 21
10
1 1 ]

0 05 1 15 2 25 3 35 4 45 §
E 0 (GeV)

e The NC energy distribution is independent of
v-energy except the kinematic limit.

e Iny,N — r/uN:rrO events all energy v produce

peak at the same energy except the tail.

e For a very long baselines and wide band
beam v, signal will be above 3 GeV with
little 7% background.
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Loe Qeasi-Elastic YA > HpP

. 9-
Asconstract &,

7

hok

Ongoiy sty

~ fooo events - severa/ /:&»6' (structre)

o soo-y00 egents (LWAT)

5xos5-/&V w00 CUTLS
e, x /-36eV /500 OTS

Eyyg.-; I=74 'v/_faeom‘f

of mot-gursiefastic M »E X
7-# 5 statistics

Yt 4e'p mﬁﬁg —"/dzﬂ.fa/

Very long baselines with a superbeam

Measurement of Amj,

v, APPEARANCE FROM Am, 2 ONLY

£

S BNL-HS 2540 km
€ sin"2,, = 0.8

o sin’29,, = 0.0

Am, 2 = 6e-5 eV’

% 1 MW 0.5 MT 5yr

30

25 _ Total Signal+backg: 208
20 — Total Backg: 146

15 — v, Backg: 70

i

T2 3 4 5 6 7 8 8 10
Reconstructed v Energy (GeV)

|

613 =0, A-mf2 — 6 x 10~ %eV2
Excess of ~ 50 events. Must know background

Recall sin®(1.27Am?%,2540 km/1 GeV') = 0.037
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Summary of our study

e Baseline of > 2000 km with wide band —2 |
conventional beams are the next step in
i — o
accelerator neutrino physics. 5 X ]
8 5. Ja
e Extraordinary, large physical effects will be “oom ]
seen in such an experiment. i r L
e Very good sensitivity to neutrino properties. : sl ' \\ 1o |
— < 1% resolution on Am3, CY \i 3
2 o ' 8
— < 1% resolution on sin® 2643 "l 8§ 8§ § = ‘ | ©
- RN .o .. i \ — <
ol . . i 'y} \
— Sensitivity to sin? 2013 ~ 0.005 over a wide &5 s o
: E: E 3 3
range of Am3, LR R A 2
— Sensitivity to CP violation +25° with |
neutrinos alone. |
— Sign of Am3, over a wide range.

B N e e e e e e T P T " o

— Measurement of Am?, at £15%
Ry o o n [te) -t o~ ]

| -

e The electron spectrum has a lot of phvsics. It APNgoaoad 1Lad.ay

can be extracted using some outside

information on parameter.
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Very long baselines with a superbeam

Beam Layout

PROTON BEAM L__‘ . f%

|
;:
TARGET AREA
|
\
\ NEW
ACCESS ROAD
DECAY TUNNEL
1
Uf)"\ OF OF SLOPE
BEAM DumMP
[l

BAF o
FACILITY

\PEARWI'ECTCR
<=3 NORTH

Milind Diwan

SAN
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Very long baselines with a superbeam

PROTON BEAM N —
TUNNEL - -~ — —
\

~ POWER SUPPLY
"l BUILDING

TARGET DUILDING

PoWR SUPPLY DECAY TUNNEL
Rumn niNG

<= NORTH P

BEAM STOP

-~ NEAR DETECTOR
RFaM STOP

X

Milind Diwan

Very long baselines with a superbeam

BNL Wide Band. Proton Energy = 28 GeV

nu/GeV/m?POT at 1 km

Distance = 1 km
-5
10
-8
10
I
10
-8 . i
10 .q}_i?‘j’.gg
" Uit
OO 1 11 % P
0 2 a 6 8 0 12 14
E, (GeV)

e New design spans 0.5-6 GeV

e Low v, background 0.7%
0.0073 £ 0.0014 (E734 1986).

Low background from high energies (NC and
v, for v, )

200 m decay tunnel

Graphite target embedded in horn

e Target cooling achievable for 1 MW

Milind Diwan
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Very long baselines with a superbeam

Measurement of Am?,

v, APPEARANCE FROM Am,,2 ONLY

. - BNL-HS 2540 km

L) sin’2,, = 0.86
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013 =0, Ami, = 7.3 x 10~ %eV?

Excess of ~ 90 events. Must know background
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Very long baselines with a superbeam

Measurement of sin® 2015
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Am2, = 0.0025¢V?, sin® 26,3 = 0.04.
Assume normal mass hierarchy. mg > mo > my

Matter effects included.
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Very long baselines with a superbeam
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er ong baselines with a superbeam
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Excess of ~ 230 events. Unmistakable.

Independent ~ 15% measurement of Am?,

Needs ~ 10% error on backg. => near detector.
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Very long baselines with a superbeam
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