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Outline

e Neutrino properties summary. What do we know
and what do we want to measure ?

® Why a new accelerator Long-Baseline
experiment ? How much flux, energy, event rate
can we get ? What limitations ?

e Strategies for the detector. What are the key
differences between a water detector and a
tracking calorimeter ?

® What 1s the full physics agenda ?
® Technical information for a liquid argon TPC.

® Description and Status of LBNE (US) design.
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Why Neutrinos !

AR Rl

4} In weak processes neither parity P nor
charge conjugation ¢ are conserved although the laws
of nature are (almost) invarient with respect to the
combined inversion PG, which changes sinultanecusly
the signs of coordinates and charges. ljon conserva-
tion of parity implies longitudinal polarization of
particles and thus there arose the theory of two compo-—
nent neutrino of Landau, Lee and Yang, Salam znd
Sakurai, which is an old theoxry of Weil, made plausibe
le by parity non-conservation. A good model of the
neutrino according to this thecry iz a screw. Actually
1t was shown experimentally by Golcdhsber that neutri-
nos are lefi-handed. Anti-neutrinos are right-hasnded.
Thus we have two states only and nci four, as for en
actual screw: screw left-handed, screw right-handed,

antiscrew left-handed, antiscrew right-handed. Now

Fal

the importance of the longitudiral neutrino is tha+
such neutrino gives us the protctype of the behnaviour
of all other (not massless) fermions, under weak inter-

e 2 ‘ mnemonic rule is that, under weak
interaction, all fermions are left-handed, &ll anti-
fermions. are right-handed. This haz been ircorporated
in the famous universal weak interaction V-A theory

Pontecorvo

1981

Tuesday, January 22, 13



. [ [ : @ : - - 'Yj; Z
" 13
= Sometimes nhattife <
M), e gl Observe electron-antineutrino disappearance

T ™ six 2.9 GWth reactors
I ; six 20-ton detectors: 3 near (~500m), 3 far (~1650m)
| 139 days of running

sin22013=0.089+-0. 010(stat)+-0 005(syst)

antineutrino detectors Py Solar + KamELAN[_)._E original : flux
115 I—————O—————-I —O—: reeval. flux
- -~ ' Tk f : '
&k = s =
— 1.1 — <, 40 | : —e— normal hier.
§ — 30 - = S |_I—:TO—|—-+— _MI_I}IOS —0— inverted? hier.
- 20 : ; . . ' | |
= 105 |— 10 ; - S— i Double Chooz , ;
[ H Lt H H — —— i | ; —e— original result
- % 605 " o1 015 A B O~ re-analysis
- E : Day'a Bay | f E
1l [——=sasmsooo o emmemees oo rmr e e "'"'""""" Trmmmmmmmmme : —e— ; :
= RENO
[ EH1 EH2 ? e i
095 |— * | ; ,
- far ) . T2K Update .
= near EH3 { x D bI Ch Upd t
09— g f ouble ocz p a e
T 1 PO T N TR TN W T TN TR TN NN TR TN TN NN TN TN NN N TN UNN U NN SN NN I———EO—I——I ; | —o— rateon}l\y
0 03 04 06 08 1 12 14 16 18 2 ; . O~ ratetshape
Weighted Baseline [km] I—O—I Daya Bay Update
L . 4 | | | | i j
Rate only. Normalization floating 0 005 01 015 02 025 03 035
cin® 2.

Tuesday, January 22, 13



Ve Uel Ue‘.Z Ue3 1
Uul Up2 Uu3 V2

Vr U'rl U7'2 UT3 V3

Vi

What we have really measured (very roughly):
e T'wo mass-squared differences, at several percent level — many probes;
° Ueg|2 — solar data;
o |Uuz|? + |Ur2|* — solar data;
o |Uea|?|Uec1|? — KamLAND;
o |Uu3|?(1 — |Uuz|?) — atmospheric data, K2K, MINOS;
o |Ucs|?(1 — |Ues|?) — Double Chooz, Daya Bay, RENO;
o |Ues|?|Uuz|? (upper bound — hint) — MINOS, T2K.

We still have a ways to go!

S. Parke
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Best fit to all data.

arXiv:1205.5254v3 Fogli et al

TABLE I: Results of the global 3v oscillation analysis, in terms of best-fit values and allowed 1, 2 and 3o ranges for the 3v
mass-mixing parameters. We remind that Am? is defined herein as m3 — (m? + m3)/2, with +Am? for NH and —Am? for IH.

Parameter Best fit lo range 20 range 30 range
dm?/10~% eV? (NH or IH) 7.54 7.32 — 7.80 7.15 — 8.00 6.99 — 8.18
sin? #12 /10~ (NH or IH) 3.07 2.91 - 3.25 2.75 — 3.42 2.59 — 3.59
Am?/1072 eV? (NH) 2.43 2.33 — 2.49 2.27 — 2.55 2.19 — 2.62
Am?/1073 eV? (IH) 2.42 2.31 — 2.49 2.26 — 2.53 2.17 - 2.61
sin® 613/107% (NH) 2.41 2.16 — 2.66 1.93 — 2.90 1.69 — 3.13
sin” #13 /1072 (IH) 2.44 2.19 — 2.67 1.94 — 2.91 1.71 - 3.15
PP sini f23 /10~ (NH) 3.86 3.65 — 4.10 3.48 — 4.48 3.31 - 6.37
* 5% sin?6a3/107" (IH) 3.92 3.70 — 4.31 3.53 — 4.84 @ 5.43 — 6.41 3.35 — 6.63
§/m (NH) 1.08 0.77 — 1.36 — —
§/m (IH) 1.09 0.83 — 1.47 — —

If viewed as a collection of parameters with 3-

generations, we need to measure mass ordering, CP
phase, O3 octant.

Parameters are such that a practical accelerator based
experiment is possible to see 3 generation mixing !

6
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Connections to more fundamental issues

‘
Y j
- . .
. a cCos o = - ) cCos o =
g sin” 63 1 sin” 0;, smé 4 1
s 31 B ‘- e
2 sm” 013 Am;,l ‘ 1
Z Anm,, I e :
= ) _ sinfy
= sin” 6y, gt 1 2
5 e B A
> Am, : sin’ s :
< | D 3 I
Singlj —l Si.'!l2 013 _l
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Fractional Flavor Content varying cos é

e Is CP-invariance violated in neutrino

oscillations? (& # 0, 7?) Credibility of leptogenesis

e Is v3 mostly v, or v-7 (623 > 7/4, Impacts GUT models
0oz < w/4, or O3 = 7/47)
- , ‘ _ Observability of double beta
e What is the neutrino mass hierarchy? decav. and the problem of
(A'T?l%g > 07) 4 .P
generatlons.
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The full picture of the oscillation effect

Probability for v, oscillation at 1 GeV

> Tgy
Z0s Dashed white lines
£0:8 correspond to CP
0.7 violation
0.6
0.5 : '
0 't is best to do this
0.3 experiment with a pure
0.2 broad band beam
0.1

0O 200 400 600 800 1000 1200 1400 1600 1800 2000 ,
Baseline (km) Brett Viren

e [ he neutrino oscillation model is based on limited dataset

*With very precise predictions:
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CP asymmetries inv, —> v at1 t osc. node
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Vy — V, < vV, — V,
T ﬁ CPT across diagonals ﬁ T
Ve — V) < Ve — V),
CP

e First Row: Superbeams where v, contamination ~1 %

e Second Row: v-Factory or (3-Beams, no beam contamination

However
for v-Factory: Distinguish & from = at 10~%

for (3-Beam: Distinguish & from e in Water Cerenkov or LAr

Although the conventional beam has a small
contamination. The expected signal is now much
larger than the contamination because of sin220:3~0.09 _
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Making a neutrino beam. Example from
NUMI at FMAT

LE10/185kA
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Making an anti-neutrino beam: NUMI at
FNAL
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Oscillation and Beam Spectrum. As
designed for LBNE

Neutrino Anti-Neutrino
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With 700 kW of 120 GeV protons from the Main Injector, we have
designed a beam optimized for the 0.5 to 5 GeV. (yr=2 10/sec)

® The baseline and energy allows us to measure the spectral distortion and
disentangle MH from CPV.

® Measure asymmetries of event rates versus energy for both polarities.
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Beam Constraints

Beam must be designed with many constraints that affect the
configuration of the experiment. Beam must be broad band
(on-axis) to measure the spectrum.

e For fixed L/E the neutrino flux per

pion 1n the forward direction is 0.42F
independent of distance since the by = 202
1/L? is compensated by the solid (1 +~26%)

angle factor.

® [t is difficult to overcome the solid IN
angle factor by the pion yield at low

2 2
L
energies. dSap X7/

e Highest available beam power 1s at 120 GeV
because the current 1s limited by the booster in

the current scheme at FNAL. 1300 km 1s a gOOd
® The beam costs rise fast with primary beam compromise

bending angle and the near detector depth.

14
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Cross sections

:é) <% ANL #  MiniBooNE O 3 5 O BEBC MINOS
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o 0 CCFR +  NuTeV o & CCFR F NuTeV
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® (iven the choice of beam and distance two ditterent visions for the

detector are possible:

e Use all charged current events and 1dentify each one and measure the
total energy of each one. This requires a high granularity detector that
can handle multiple tracks. But it can be smaller since using all cross
section. A LAr detector 1s a natural candidate.

e Or use primarily the simplest topology events that can be reconstructed
and measured. This leads to a detector that can measure single leptons
well, but has limited track reconstruction. The detector must be large.
WCD 1s a natural candidate.
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Total event rate

Neutrino beam Anti-neutrino beam
Event tvbe 200 kTon 34 kTon 200 kTon 34 kTon
/P WCD LAD WCD LAD
CC v, 35000 5900 4200 720
CC Ve (beam 260 44 38 .
only)
CC vy 1400 240 13000 2200
(
Efficiency forl 10 20% | 70-90% 10-20% 70-90%
useful events

® For 0.7 MW per yr. Detector mass above 1s fiducial mass.

e Total charged current event rate with no selection cuts and no

oscillation.
16
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Detector Strategies
200 kTon Water 34 kTon Liquid

Cherenkov . argon
e Very high resolution detector should

® Use a crude detector, but only allow use of much higher fraction of

select well 1dentified single cross section including multi-track
electron events(QE) to keep events.

background low and energy

. . e Energy resolution might need
resolution high.

attention 1f using all cross section.
® Known, successtul technology e Could use the fine resolution and

with wide dynamic range (5 below Cher threshold for
MeV-50GeV). background tagging.

® (Can perform both p-decay, e Could do the specialized proton
astrophysical sources, decay searches very well. Sensitive

to supernova nues (not anti-nue).

® (Can be deployed deep scaled

up: S0kT to fewX100kTon. ® Dynamic range for physics 1s less

, , well-known.
e Will have low efficiency and

® Scale up factor needs to be
need very large mass.

substantial ~100.
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Long-Baseline Neutrino Experiment in US

“

For LBNE the detector selection was extremely difficult.
LAr choice was driven by scientific, technological
considerations.
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Parameter Range of Values | Value Used for LBNE Sensitivities
For v, CC appearance studies
v, CC efficiency 70-95% 80%
v, NC mis-identification rate 0.4-2.0% 1%
v, CC mis-identification rate 0.5-2.0% 1%
Other background 0% 0%
Signal normalization error 1-5% 1%
Background normalization error 2-10% 5%
For v, CC disappearance studies
v, CC efficiency 80-95% 85%
v, NC mis-identification rate 0.5-10% 0.5%
Other background 0% 0%
Signal normalization error 1-5% 5%
Background normalization error 2-10% 10%
For v NC disappearance studies
v NC efficiency 70-95% 90%
v, CC mis-identification rate 2-10% 10% *
v, CC mis-identification rate 1-10% 10% *
Other background 0% 0%
Signal normalization error 1-5%
Background normalization error 2-10%
Neutrino energy resolutions
ve CC energy resolution 15%/\/E(G€V) 15%/\/E(G€V)
v, CC energy resolution 20%/\/E(G6V) 20%/\/E(G6V)
E,. scale uncertainty
E,, scale uncertainty 1-5% 2%

Detector performance parameters for LBNE
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1300 km expectation with 34 kTon

v, Spectrum Ve Spectrum
S 240: T — sl e % H  Normal Hierarchy Signal + Bg, 0., =0°
e | S 1) S e, o S . -0 F h bi
i ol I B e e or each bin,
g [Jnccny g % [Jv.+v.coBg conversion fraction of
§,1$0E [ ] NeBg :>j B [ ]v.,+v,NCBg
i i s These events 60— [ Beamv,+7,Bg electrons can be
120~ B
- are very ol calculated. Matter
. importan\ : effect can be
C i 20— .
- ' substracted to obtain
‘) aehit o
1 2 3 4 5 6

0——7 : 0
1 2 3 4 5 6 7 8
Neutrino Energy (GeV)

» s explicit CP signal.

Neutrino Energy (GeV)

90°:'b_w"'|"'|"'|"'|"': 400:'_"D'_|""|""|""""|""|""|"':
800 Beam: 120 GeV, 700kW — Signal+Bg 3 350/ Beam: '1)_20 GeV, 700kW —sSna8s 3 Potential surprises:
7'00:_55i'ear.=.;\r' mode D\,u NC Bg E E 5 years V-mode |:|V_u NC Bg E
- H 3 S 300— _H_ I v.. ¢C Bg —
> [ . ~ _ o
3 oo 1 E 2 2s0f ‘|‘+ JrﬁXp‘ 11000 Matter effect is not
I ' ++ exp: 25000 S a0k F ' 1 what is expected !
P S - s b 4+ T sden: 3400
S 0ot t seen: 3006 s 1505 E
w300 + + . S T - + +—|—-|-_|__|_ .
wf t R 3 100 o, ++$— CPV does not have the
- 4 + 3 [ ]
1m:|§—+ tor +++++++—|—_|__§ 501 ++ .+ proper energy |/E
oF I P E R R B UAEQ-__-‘ dependence.
0 2 4 6 8 10 12 0 1 2 3 4 5 6 71 8

Neutrino Energy (GeV) Neutrino Energy (GeV)

e With 1300 km the full structure of oscillations is visible 1n the energy
spectrum. This spectral structure provides the unambiguous
parameter sensitivity in a single experiment.
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LBNE 34 k'Ton performance

Ve Spectrum
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Small tau background expected.
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Baseline Choice !

30 d¢p Fraction vs Baseline

® The design for a US based CP S
1 i " CPV NH(IH considered) —+—
violation program started ten years LN grmgf’gfgrjr’gh; s
ago before we knew the solar 1.0 L
LMA solution and 013 :
0.8

® The scale of the program needed 1s
only weakly dependent on 03
because the CP asymmetry is % sk
smaller for larger 013

0.6

dcp Fraction

0.2

® The scientific choice for 1300 km ~1300 km
R . 0 et .' 1 L 1 1
1s close to optimum. 0 500 1000 1500 2000 2500 3000

Baseline (km)

e Additional backgrounds at longer
baselines and strong matter
suppression

This calculation optimizes the beam

from the Fermilab Main 1njector for

each distance and calculates the full
sensitivity for 013= 9 deg.

22
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Major scientific choices are
associated with length.

300 km | 300 km 2300 km

Low energy, less dynamic range

Better to get spectral pattern

smaller matter effect, degeneracies

Larger matter effect resolve MH

Better matched for huge water det.

Better matched for tracking LAr det

Explicit CP asymmetry measured

Matter suppression CP asym difficult

No backgrounds from taus

More tau production background

No signal from taus

Can see tau appearance in high res det

23
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LLBNE Parameter measurement

g 200
o
S 150
S
, 100
Phase I ve(anti-
ve) ~50 (~20) 50
events per year
with >50% 0
modulation
-50
-100
-150

e [LBNE will have a definitive determination of the mass hierarchy.

Normal Hierarchy LBNE 34 kT 1 sigma contour
LBNE Beam: 120 GeV, 708 kW LBNE 34 kT 2 sigma contour
5+5 years of v+v running LBNE 10 kT 1 sigma contour
H + True Value
_ iy
- @) ~ Expected
= — —— final 1 sigma
- 34 kT error from
= %a/ reactors
- — 10 kT (centered on
- 0.1)
R T B | N B
0.04 0.06 0.08 0.1 0.12 0.14 0.16
sin®(20.,)

e LBNE will have a measurement of the phase and 013 with no ambiguities.

The phase measurement will range from £20 to 30 deg for Phase I when
combined with reactor data.

e Parameter measurement will continue to improve with statistics.
24
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Mass Hierarchy Significance vs d¢cp

Normal Hierarchy

Homestake
Matt Bass (CSU)

CPV Significance vs d¢cp

NH(IH considered)
Homestake

Matt Bass (CSU)

700 kW, 3+3 yrs, 10 Kt =
+ 1.1 MW, 343, 10 kt «eeeveeees
+ 1.1 MW, 343, 35 kt =====
+2.3MW, 343,35kt v oo

—

30 - '700 kW, 3+3 yrs, 10 kt —— 1
+ 1.1 MW, 343, 10 Kt «ooeeeeee i
+ 1.1 MW, 343, 35 kt == ===
25 r wu 23 MW, 343,35kt e - 10 L
B B
S 20 ~ * - S—
® o 8r
&) p &)
= PO .’~,~ % :" c
8 15 ,c"\' ,~",‘ ’."_ .~: 7 g
S" ’\l\ s,"“‘ . X .. ~‘.~ d "‘ g
0 10 | e, N o )
0 1 1 1 1 1 1 1 1 1
-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1 -1

Scp/n

-0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 1
Scp/n

LBNE sensitivity will grow with exposure
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Far Detector Depth (numbers are within x2)

Depth LAR40 LAR40
(mwe) (hz) In-time
265 2300 230,000
880 120 12,000
2300 3 300
2960 0.9 90
3490 0.4 40
3620 0.3 30
4290 0.13 13

e In-time rate is calculated assuming 10 micro-sec beam gate for 107 pulses.

e Using potential available levels at Homestake (Flat overburden:2.8gm/cc)

e LAR spallation not well understood.1202.5000 predicts large rate due to “°Cl.
Depth will reduce the rate to manageable level. (<5k counts/day <10 MeV)

® Main Injector fine structure 33"Mhz with“few'ns bunches not used.
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Super-K(2012) LBNE-LAr
Proton N
D — e+ 10 , LAr inclusive
Deca)l D e 10 minimal SU(5) minimal SUSY SU(5) perfo rmance on B-L
predictions fipped SU(5). SO(10), 5D SUSY SU(5) maodes might be
gompetitive
p — g+ KO
p—u+KO
n—>vKO 1
p—>vK*
minimal SUSY SU(5) SUGRA SU(5)
p—vK* SUSY SU(5) with additional U(1) flavor symmetry
predictions
various SUSY SO(10)
SUSY SO(10) with G(224)
SUSY SO(10) with Unified Higgs
1 | IlIIIII32 | 1 lIIIIII33 | | 1 Illlll34 1 | I 1 1 i
31 35
10 10 10 10 10
/B (years)
Mode Efficiency | Background Rate (evts/100 kton-y)
B-L ~ 10%°L
p— et 45% 0.1 §
p— vKt 97% 0.1 S
p— M+KO 47% < 0.2 ‘; 1034 .
B+L g
P KT 9% 0.1 B
p_>€+K+ 96% < 0.2 % 1033 .
AB =2 5
NN — n(r) TBD TBD
10%

Measurement is well justified, but any hint of SUSY
from the LHC or other experiments will make this a

must do experi.ﬁNﬁﬁD-1 Director's Review - 26-30 March 2012

1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

Year

27
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Supernova

w L e e Total = 12—
S 60 — SN e ES <‘:_>' L ---- Total, Normal
8 - ve-10Ar o L —— Total, Inverted
2 Py V-40Ar o 10—
& 50 € T
G s
- 5 gl
40— g T
- ] B
- 2
30— o
20-;i 4:_
1055, of
-‘-- .."--- .....""-""c-J.IJ.LJLIlIIIIlIIII IIIIIIIIIIIIIIIIIII...'h-llllllllllllllllll
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80Ener 90 (MeVSOO
Energy (MeV) 9
Channel Events, “Livermore” model | Events, “GKVM" model
v, +* Ar — e~ +20K* 2308 2848
U, +40 Ar — et +40 CI* 194 134 @ |0 |(pC
v, +e~ — v, +e” 296 178
Total 2794 3160

Table 6—7: Supernova burst neutrino event rates for different models in 34 kton of LAr.

Liquid Argon 1s sensitive to electron neutrinos. Water 1s sensitive to
electron anti-neutrinos. Must have 10 MeV threshold for this physics.
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Why Liquid Argon !

® |t is one of the few pure and inexpensive
substances that allow long electron lifetime,
therefore can be used for ionization detection.

Total Installed Cost Deep Underground
1000

500 xxj
|

Q e
0
é 100 He 5.2 8
T 50 Ne 18 0.07
- AN
3 Ar 9300 1200
5
= Kr 1.14 0.01

5

Xe 0.086 0.047
‘7
1 5 10 20 50 100 200 CraigThorn

Atomic Weight 2 (BNL)
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What happens to the energy as a charged
particle traverses in LAr?

Energetic

Charged Particle
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e-
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Resonance
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Dissociation

Attachment
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: Scintillation | Penning
Charge Signal Light Signal
E—o0 E—0
42,000 e/MeV 51,300 ph/MeV

8980 e/mm for MIP

10,900 ph/mm for MIP

R={LNe, LAr, LKr, LXe}
X={N,, O,, H,0, ...}
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Re. R
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Recombination Factor in LAr
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L
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Numbers: Specific Eloss in MIPs
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What happens to the energy as a charged
particle traverses in LAr?

Energetic

Charged Particle

lonization

R={LNe, LAr, LKr, LXe}

X={N,, O,, H,0, ...}
Excitation

R+

Recombination

o]

e-

Penning

lonization

+
Resonance

Absorption

Dissociation

Attachment

— X

Triplet

Singlet
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Need <3TO ppt H,O for
2.5m drift \ 4 Absorption
Charge Signal ﬁgiﬁtﬁg?;g} Penning
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10,900 ph/mm for MIP

(40,000 for Nal(Tl))
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Recombination Factor in LAr
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. Charge Signal Formation

s el Induction by -
' : and - electrons on wires
_ Collection of -
2+
— | | |
5 el 20 40 60
S Time (us)
=
%)
)
£ 06f - : . : | | U  Induction
5 (small, bipolar)
0.4 |
| | —\/ Induction
0.2F (small, bipolar)
Of - . : | | | Y Collection
\ (large, unipolar)
& L: S S 1 |Current
= ‘ o3 ~ Out of Wire
| Bo Yu
(BNL)
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Charge Signal Formation
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Charge Signal Formation

s el Induction by -
¥ ool and - electrons on wires
Collection of -
i)

Drift Distance (cm)

(small, bipolar)

Time (us)
0.8}
0.6 : - . —U Induction

—\/ Induction
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: i —Y Collection
\ (large, unipolar)
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= = 3 \) Out of Wire
‘ Bo Yu

Signal formation starts upon motion of |
the charge. (BNL)

O
T
o
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How Does a LArTPC Work?

Bo Yu Anode wire planes:
U V Y

| Liquid Argon TPC

““‘Cathode
Plane

<
Edrift ~ 500V/cm
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‘.ACathode
Plane

<
Edrift ~ 500V/cm

How Does a LArTPC Work?

Bo Yu

U v
Liquid Argon TPC

“+

Y

Anode wire planes:

time
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What can a LAr TPC do?

*Tracking to identify events by topology

mm position resolution

*dE/dx for particle ID

electron/gamma separation >90%

*Low energy threshold
particle energies < 5 MeV

*Scalable to multi-kiloton size

This detector still requires a R&D and technological development for scale up.

3.0

Swarm Size|mm\

0.0l

RMS e swarm sizes fro
for drift in a field of 500. V

diffusion
m in LAr

2.5

>
o

AN

-~

/

—
S

0.5!

Diffusion wrt Drift |

= Tansverse

= | ongitudinal

Drift Distance ‘Jm\l
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What can a LAr TPC do?

RMS e swarm sizes fronj|diffusion
for drift in a field of 500. V¥cm in LAr

*Tracking to identify events by topology

mm position resolution o
*dE/dx for particle ID /\_>

2.5

electron/gamma separation >90%

*Low energy threshold
particle energies < 5 MeV

*Scalable to multi-kiloton size

Swarm Size|mm\

0.0l

kT=eD/u —>

>
o

AN

-~

Diffusion wrt Drift |

—
S

0.5!

// -
//
/

= Tansverse

= | ongitudinal

Drift Distance ‘Jm\l

Tran = 480K

This detector still requires a R&D and technological development for scale up.
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What can a LAr TPC do?

*Tracking to identify events by topology RMS ¢ swarm sizes fronfdifusion
orarintinartiela o . m in r

mm position resolution e
*dE/dx for particle ID /X_, e

electron/gamma separation >90% - /

*Low energy threshold
particle energies < 5 MeV

\
A\

e

/

*Scalable to multi-kiloton size
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This detector still requires a R&D and technological development for scale up.

Tuesday, January 22, 13



Key Technical Issues for a Liquid Argon Detector

Argon Phase Diagram
— 3 Electron Drift Ve[ocity in LAr
| _l T=87T3K
1000 ) I I Sup o
H solid |
< 100 g 28]
g /C E 2
()] —— — ,
= liquid >
s 10 S |
ca'iJ s 1'5:
gas £
1 =
= |
0.5
0.1 |
80 100 120 140 160 180 00 05 1 15 2 25 3
Temperature (K) Electric Field (kV/cm)
It is cold ! And this makes it It is slow ! Electrons drift
inaccessible and difficult to slowly. Drives many issues
work with. of design.
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Key enabling technology: Cold (87K) Electronics?

Channel Count
Lower limit

10 m sense wire length

Cold electronics (in LAr) keeps cable lengths and
capacitance small, increasing SNR.

/

* 5x5 mm sense wire spacing = ~18/ton Multiplexing minimizes
. . DAQ
* 2.5 m electron drift distance 369k/20kt . ior of cryogenic o
Upper limit penetrations. | |
* 5 m sense wire length [HeE] [RE] [Re] [KE]
* 3 x3 mm sense wire spacing = ~60/ton <
« 2.5 m electron drift distance 1.2M/20kt 3
FeedthroughTR H
Preamp Shaper
tp ~ s MUX :- I
i}—% ADC \ & A
%_ I MUX =i
16:1

Sense
Wire

Front End ASIC

Frame Data
Buffer  Compression

8:1

optical

T B T D ) e

lceccacacscsacsseabejlecdeahbdeccccccae e d

Data Processor ASIC

fiber

.

Cryostey

A CMQOS, or a BiCMOS, technology with circuit design and operating conditions for long

term operation in LAr will be used. A preliminary goal is multiplexing in two steps by
16 x 8=128. Power dissipation has been estimated to be <10mW/signal wire.

Must have extremely high reliability !
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A. The primary objectives of LBNE, in priority order, are the following experiments:

1. Precision measurements of the parameters that govern v,, — v, oscillations. This
includes measurement of the third mixing angle 6,3, the CP violating phase o and
- . . 2
determining of the mass ordering (sign of Amj,).

.. 2 . :
Precision measurements of 8,3 and IAmg;,| in the v, disappearance channel.

()

3. Search for proton decay, vielding a significant improvement in current limits on the
partial lifetime of the proton ( /BR) in one or more important candidate decay
modes, e.g.p —»¢e x°orp - K v.

4. Detection and measurement of the neutrino flux from a core collapse supernova
within our galaxy, should one occur during the lifetime of LBNE.

1  The primary objective of the Near Detector System is to make measurements
necessary to achieve the primary physics research objectives listed above.

2. Secondary objectives of the Near Detector System are studies of neutrino

interactions, which may be enabled by the facility that is designed to achieve the primary

Italized parts either require an
underground location or

additional resources.
2. Measurements of neutrino oscillation phenomena using atmospheric neutrinos.

Secondary objectives

1. Other accelerator-based neutrino oscillation measurements.

3. Measurement of other astrophysical phenomena using medium energy neutrinos.
37
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Far Detector Design at depth (not in current plan):
LAr TPC Detector at 4850 ft

 Two detectors in a
common cavern at 4850
ft. depth

* Active volume of each
detector:
22.4 x 14 x 45.6 m3

« 33 kt fiducial mass

s * TPC design:

& 03.7 m drift length
o5 mm wire spacing
othree stereo views

LBNE CD-1 Director's Review - 26-30 March 2012 39
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LBNE New Beam Design

Less expensive and better for safety

LBNE 20 APEX OF HILL MI-10 POINT OF
LBNE 40 LBNE 30 TARGET HALL MAX. HILL HEIGHT =70'  EXTRACTION |

i NEAR DETECTOR ABSORBER HALL COMPLEX LBNE 5 - PRIMARY BEAM
Not in SURFACE BUILDING SURFACE BUILDING SERVICE BUILDING

EXISTING ELEV. 751+ —
current - !

plan
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Near Detector Design: Straw tube tracker or
a small Liquid Argon TPC; both magnetized.

uBooNE-type
LAr TPC

Magnet Coils

Muon
Detectors

LAr Secondary
Containment

42
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Status of the Homestake site
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LBNE Far Detector (current plan)

* 10 kton fiducial mass Liquid Argon (LAr) detector located on the
surface in Lead, SD (two 5 kton modules)

 Detector designed to detect accelerator neutrinos

13)_6” 200 IOcaI
grade

composite

crete liner

Insulation

embrane

CPA APA

Side View

LBNE Collaboration Meeting Dec 2012

Tuesday, January 22, 13



Cryogenic and Cryostat Proposed Layout

————————— —

Design Layout for Cryo
1. LAr/GAr Delivery

2. Gas Purge & Filtering
3. Cryostat with Pumps

Two Membrane

: Dewar and Cryostats In
4. R.efr!g & Condensers Fill Station Detector Hall.
5. Liquid Filters &
Regeneration BIEaSH 18 (LAr Condensers here)
Cryogenic M = _’
Equipment Purification Beam
. ildi Equipment
Plan View of Cryo Systems B ione
(Compressors and (LAr/GAr filtration and
LN2 plants here) regeneration here)
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Kautilya: Check the King’s treasury
before starting a project.
(Koshpurvaa Sarvaarambha’)

& =

| Brahe: drink

= with the 4
=~ King for the % < 4
sake of PV =
science. Columbus: find a king bold

enough to support you.

2 ¥, ') 3 "
Ivetio Bsahe,
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Costs after Reconfiguration

US cost estimate includes labor,
contingency, escalation.

LBNE 34 kTon@4850L

S cwaro
A ..
A
e Underground 809240
ENeabetecor L SLess
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LLBNE Phase 1 Schedule

Conceptual Design

Far Detector Technology Selection
Detailed Design

Civil Construction at Fermilab

Civil Construction at SURF/Homestake
Far Detector Installation

Beamline Installation

Operation Commissioning

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

g
CDI CD?2

® This 1s the review driven schedule. Current funding profile 1s
expected to cause 11 month delay.

® The period up to far detector construction start offers good
opportunity to seek major non-DOE and international partners.

® Deep placement of far detector as well as a near detector expansion
can be accommodated 1n the current plan by CD2. CD3 1s
construction start; i1t will be split in CD3a and CD?3b.

48
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Phased LBNE Program: Possible Example

1) 10 kt LAr detector on surface at Homestake + LBNE beamline
(700 kW)

2) Near Neutrino Detector at Fermilab
3) Project X stage 1 = 1.1 MW LBNE beam
4) Additional 20-30 kt detector deep underground (4300 mwe)

LBNE Stage 1 =

LBNE Near Detector

Project X Stage 1

LBNE Stage 2

49
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Phased LBNE Program: Possible Example

1) 10 kt LAr detector on surface at Homestake + LBNE beamline
(700 kW)

2) Near Neutrino Detector at Fermilab
3) Project X stage 1 = 1.1 MW LBNE beam
4) Additional 20-30 kt detector deep underground (4300 mwe)

LBNE Stage 1 _

LBNE Near Detector -

Project X Stage 1 _

LBNE Stage 2 N B

Additional national or international collaborators could help
accelerate the implementation of the full LBNE program.

49
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Conclusion

® The goal of finding the phenomena of CP violation in the neutrino
sector 1s extraordinary and has been strongly endorsed.

® (Current technology can be pushed to achieve desirable sensitivity.

e High intensity (~1-2MW) accelerators and very large detectors
(~30-50kTon efficient mass) with good particle identification and
energy resolution needed.

® [iquid Argon technology 1s well matched to the desired distance of
>1000 km.

e The LBNE collaboration and project are well organized and ready to
construct and operate LBNE 1n the US.

e The US/DOE 1s proceeding with the plan for construction in stages.
These could be accelerated with additional US national and
international collaborations.

50
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Conclusions

CONCLUSICNS

What happerned in neutrino physics the last years
is a miracle. Zverything, that is the Glashow-Salam-
Weinberg theory of electro-weak interactions, locks
perfectly O.K. It is too good. The appetite comes whil
eating and this means Grand  Unificetion., But I
do not believe that elementary particle physics will
soon die of abundance of understanding and or lack of
problems to be solvede Let us not discuss now about
unexpected things, since anyway about such things one
does not .talk seriously in a lecture entitled "Fifty
Years of Neuirinc Physics". Bui there are already
more or less importani things. One of them, finite
neutrino masses (together with the instability of the
proYon) is .in the head and in the mouth of everybdody.
Its implications - neutring oscillations - are exire-
mely informative (masses of neutrinocs, number of thenm,
and mixing angles), if scmething can be done, as it
geems, in controllable experiments of various types
(reactor, accelerator, cosmic, solar). It is not ex-
cluded* that the Vp wmass may be measured directly
from the 3H beta spectrum, although I am not sure
that this can be done, just because of the fantaatic,
I would say acrobatic, difficuliy of the experiment,
which incidentally, is a relatively cheap one-. '

Be as it may, finite neutrino masses not only
would confirm modern theoretical thinking and give us
very necessgary parameters dut would originate s revo-
lution in cosmology, astrophysice and neutrino astro-
NOEY e ‘

Pontecorvo 1981
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1. WILSON HALL - 16 WEST (AFTER)
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