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Outline

® (Generalities

® Intensity Frontier Motivation
e Kaon Physics
® Muon Physics
e Neutrino Physics

® Project-X at FNAL

For each topic there will be an introduction and a little more detail for the aficionados.

Tuesday, September 20, 2011



Particle Physics

® Deeper understanding of the constituents of
matter and their interactions.

e The traditional approach has always been to
either produce new particles by high energy
accelerators or to look for rare signatures 1n
decays, interactions, or asymmetries at low
energies.
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The collider technique

qﬁ(—
Ecm =2 E;
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Eem =+/( 2 m; Ep)
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10100 1000 10* 10° E, (GeV)

® The technique for making new particles had an
extraordinary advance in ~1970s. The collider
technique allowed several magnitude increase in
available energy. Thus Tevatron and the LHC !

® There 1s no technological barrier to a 200 TeV collider.
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Standard model of particles and interactions

matter constituents

FERMIONS spin =112, 312, 572, ...
Quarks spin=12 "\t There are elaborate rules that govern

Leptons spin =1/2

M |Electri ADPIOX. | p1qcy the interactions.
ol Ge?/jzz cheacrgg ki G’\g;\alslii’ | cheacrgg
V) este (0-0.13)x10° | 0 W v 0.002 213 ® They must I’GSpGCt QM, Kinematics,
! - 0.00 - . .
2o U L and symmetry principles that are not
Vo mecirmor [(0.009-0.13)x10-°, 0 &) cham 1.3 2/3 bvi B d Lent b
iy — obvious. (Baryon and Lepton number)
Vi nectnee* | (0.04-0.14)x10-°| 0 t 173 2/3 .
o - ® The quarks and neutrinos have been
L'{/ tau 1.777 -1 @ bottom 4.2 _1,3J . .
found to be QM superpositions of
mass eigenstates.
Leptons Quarks

e Without the Higgs particle this does
not work. In any case, Neutrino
masses are not easily accommodated.

Gluons ® Suspected symmetry between matter
and 1nteractions requires doubling the
entire spectrum (Supersymmetry) at
Higgs Boson high energies.

gravity is separate for now
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Current picture of neutrino masses points to another
mass generation mechanism.

direct mass limit

. . . de se Dpe
oscillation hint; 0.05 eV
u-e ce te

) V8 OV, 8Vg ee ue Te | 3 orders of
anything new m __ —> maghitude to

down here ? - 3 @ x Z o — Grand
' 0 ® < @ ® ® ® : .
< & < = < < Unification ?

Mass is a coupling of the left and right components
of the Fermion field,
unless it is a neutral fermion in which case mass can
couple fields of same handedness.
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Themes 1n particle physics

2008 Particle physics
panel report

Problem

Key observations

Tools

Dark matter

Direct detection
Missing energy

Collider Detectors

Dark Energy

Accelerating Universe

Astronomical surveys

Neutrino Mass

Double beta decay
Neutrino oscillations

Underground Detect.
Neutrino beam/

Matter/antimatter
asymmetry

CP violation
Baryon, Lepton num.

K and B meson decay
Neutrino Oscillations
Proton/muon decay

Three generations

Quark mixing
Neutrino mixing

K and B meson decays
Neutrino oscillations

Unitarity at the TeV
scale

Higgs particle

Supersymmetric
particles

Collider Detectors

Muon dipole
moments, Electric
Dipole Moments. Rare
decays

Focus of the talk will be Kaons, Muons, and Neutrinos
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Muon decay

Lifetime: 2.197034(21) micro-sec

The Muon Rest Frame

time P V
—~————— H % €+ momentum

ﬁ
B —_—

—_— v, spin

Highest energy ¢ are along muon spin

The positron carries the muon spin

e For free muons the highest energy
electrons are

e Decay violates parity. The electron
(positron) is emitted anti (parallel) to
the direction of the mu-spin.
Negative muons can go into atomic
orbits and decay while interacting with
the nucleus.

10 X 10°

f events per 0.625 MeV/c

Figure 10.1 Experimental spectrum of positrons in u* — e* + v, + v,,. The solid line is
the theoretically predicted spectrum based on equation (10.35), corrected for electro-
magnetic effects. (Source: M. Bardon et al., Phys. Rev. Lett. 14, 449 (1965).)
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Muon (g-2)

Dirac equation predicted g = 2;
use s=1/2 => ~0.000058 eV/Tesla

viomentum —
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New physics (susy) F
0 20 40 60 80 100
benchmarks Time modulo 100us

a;, = 11659208.0(6.3) x 1071V (0.54 ppm)

® The long muon lifetime, polarized parity violating decay
means that the spin precession 1n a ring measures deviation
from g=2.At FNAL this can be improved to 0.1ppm.
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Rare muon decays
p N —e N p— ey

e Muon conversion in orbit of o
® Two body decay. Coincidence

nucleus. |
e Single monoenergetic signature. .
electron. e MEG (PSI) Limit: <10

e SINDRUM-II (PSI) limit for  ® Becomes more difficult at higher
Ti: 4 x 1012 Au: 7 x 10 -13 rates due to accidentals.

® [Experimental signature
allows very high sensitivity

Terascale physics at the

Supersymmetry LHC mmplies CLFV at
e 10 sensitivity of >10-1
SM prediction due to
neutrino mass My |4
X o )
My

® Only electrons, photons, and neutrinos are lighter than muons. Lepton
number 1s an important probe, so muon decays to €’s and gammas are a
sensitive laboratory.
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MuZ2e experiment

* Production: Magnetic bottle traps «’s,
which decay into accepted u's

e
e

Pulsed Zan
Proton . a e Detector:
bear ransport: S-curve Stopping Target,
eliminates backgrounds Trackina and
and sign-selects oY o
Calorimeter

p+ Al — v, + Mg ,u—|—Al—>e—|—Al p+Al —e+Al+v, + 1,

Capture conversion Decay in orbit background

Mu2e will employ a pulsed proton beam with <10-1Y protons
out of beam, and superconducting gradient solenoids to trap
and select muons. Sensitivity ~ 10-1°is possible
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Kaon _ _
AONS 10 _ g5 KO = ds

_|_ L _ — =
K™ =us, K~ =1us Kp~ (K°— K%/V2,Ks ~ (K° + K /2

® mass = 494 MeV ® mass =497 MeV
® |ifetime = 12 ns Ty =51 ns, Ts=0.09 ns
® Spin 0, odd parity ® spin 0, odd parity
L u u ,u u
K _ _ 70 K _ _nt
S u S d
W’z:z/l< e+ ;’L?_< ;/
(a) v (b) v
Allowed thru quark mixing: Not Allowed either through mixing
Vs or through loops (to first order)

Being spinless, and generation crossing particles the decays and
dynamics of kaons have interesting properties. In particular, they
can be made in almost CP eigenstates and they are forbidden to
decay in the Flavor Changing and Neutral Charge (FCNC) modes.
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The K — mvv decays are the most precisely precicted FCNC decays with quarks.

d s d

~_ u,c,t P
U’% %U
" (‘./3.’7 T

By (K* —a'vv)=(7.8+0.8)x 10™
By (K] —a'vi) = (24+04) x 10"

(p.N)

B B AMg, /AM
1-12/2 Ao AX(p-in) o L
K’ —n'vv
Ve = | —* 1322 AR K, od
AM(1-p-in) —-AN? 1 v
) ) (0,0) (1,0)  (py:0)
d') /09738 0227 0.0039e 1 \ [ The uncertainty comes
s'|=| —0.227 0.9729 0.0422 S from CKM elements which
' 0.008 —0.0416 0.9991 continues to improve
b, b
The entire heavy particle content of the standard model contributes to the decays

and they are dominated by the Top quark contibution. If there are TeV scale
particles they will contribute and easily cause a deviation.
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General MSSM with R-parity

B(K) ® avv)vs. B(K*® wt'vv)

1 T T T IIIF'III L

N .
o T i
£ 9-
U

Buras et al, NP 3‘; :
M

B714,103(2005)

90%CL exp. bound

Points from a scan of
MSSM parameters that :
satisfy experimental
constraints except 3 RN j - .'
B(K* ® mt*vv) ’

R Parity: R = (-1)4*3B+L,

IIIIII Illl'lll ]llll]

tanf=201

E949 already g

provides a
significant
constraint.

SRR S
Br(K*—>nw*vy) 10

LI |

—

B

New Physics models

with generic flavor

 structure induce large

i *effects in K ® mvv.

9 10
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General MSSM with R- pa ri ty E787/E949 Final: 7 events observed

B(K*® n'vw)=1.73",x10™"
Standard Model:
B(K, ® n'vv) vs. B(K ® 7TVV)BK* ® 7vv) = (0.780.08)x10™"°

'll']t l'l‘ll‘ l'll lllll ' | ]llll]
' '

tan8=201

6&&65

O

§-' ., EQAQ Alroandyy
S 1000 event Sensitivity for
2
QO

Buras et al, NP
B714,103(2005)

B, (K ® wtvv) ® +5% measurement

Points from a scan of : i (Hypothetlcal BSM Value)
MSSM parameters that SRR

satisfy experimental

New Physics models

constraints except 3 ‘~ | TP - with generlc flavor

B(K* ® v ! '\ o .. structure induce large
“ o oo m o effects in K ® mvv .
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SM Br(K*—>nw*vy) 10

R Parity: R = (-1)4*3B+L,
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3 GeV Protons s
20 ps, |, .

=&
- » 4 "‘I
g
40 ns g ' ':
-:.\/__-’
| 55
B 48
{ ‘
/\fl) o v
1’ -
/ {n
1
Kaons =
AT ) 0. —
40 ns [\L _) 1T V \'"

® Previous K™ experiment was at BNL (E787/E949). It used kaons that
stopped 1n the middle. Observed 7 events (2.5 backg).

e C(Currently two efforts: NA62 (CERN), KOTO(JPARC).

e Key experimental problems to get to 1000 events 1s flux. Must get huge
flux. Project-X at Fermilab can provide this flux.

® Signature of a single pion 1n final state. Must suppress all other
backgrounds.

Tuesday, September 20, 2011



P96 DETECTOR
NACNET =~ o~ BANPEL v VITY
T-JOLNTER . ) o RANCESTACK
B4 COUNTERS —. Au*.. ,,"_,"._-f. COUNTER
| | (LR 1L

COLLAN COUNITE: ~,

HOLE COUNTER =

"_,
LEAN >
y a
CERENKOY COUNTER ~ # —
Biek cuaustr 1~ : N, - MCROCULLAR
4’ e ™
BEAN CluMDER 2 < BN, N CLLAR VET
ACTIVE DECRADER — e ' _A N, =F-COUNTER
AND AP - YEID .' . v JARCEY
' T — DRIFT "HAMBER

JGeV Protons

20 F'S." | A @

- > .,4~{

40 ns R

Kaons ”
B () () -
40 ns I\L —> T VYV

® Previous K™ experiment was at BNL (E787/E949). It used kaons that
stopped 1n the middle. Observed 7 events (2.5 backg).

e (Currently two efforts: NA62 (CERN), KOTO(JPARC).

e Key experimental problems to get to 1000 events 1s flux. Must get huge
flux. Project-X at Fermilab can provide this flux.

® Signature of a single pion 1n final state. Must suppress all other

backgrounds.
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BNL E787/949 experiment

— panexi Y-vRIC

e e = —

SR o 45 [ E787/E949 .
) [ M Thus analysis 1

o -/ E949-PNNI1 &

= 40 - ¥ E787-PNN2 -

& [ # E787-PNNI ‘

35 ~

30 [ =

L T R v pa ‘= i

25 - . =

= v ; ]

20 - ]

o RS g n )

Z R 150X i S

7 e ¥ _:\\: \\ 15 : —-:
10 :llllllllll‘lllllll Lo deaaaliay llllllllllllll:
50 60 70 80 90 100 110 120 130 140 150

Energy (MeV)

Technique for K™ >n"vv: Take intense low energy (~550
MeV/c) Kaon beam. Stop in scintillating target. Observe all
decay products emerging. Eliminate events with photons.
Identify pions from decay chain: 1 = u — e. Measure
momentum, energy, range in scintillator of pion.
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Neutrinos

® The most abundant particle is The Particle Universe
the photon: ~400/cc

particle is the neutrino at 56/

1
10
® [ he most abundant matter 101 -
1
cc of each type. j

® CNB (1.95K) is a relic of the 1
big bang similar to the CMB i
(2725 K) Neutrinos 106} protons

number / cm?3

decoupled at 2 sec while o7 neutrons

photons decoupled at Erk matter
~400,000 yrs. s
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If neutrinos have mass; the massive states need not be
the same as the Weak interaction states.

Vq cos(fl)  sin(#) 1
This will lead to = _
i terference U —sin(f#) cos(0) 9
effects
Va(t) = cos(@)rq(t) + sin(0)a(t)
Plvg — 1) = | <wplralt) > 2

—  sin?(#) cos?(#)|e~iE2t — ¢—iE1t|2
Sufficient to understand most of the physics:

o 1.27((m2 —m?)/eV?)(L/km)
(E/GeV)

Plv, — 1) = sin® 26 sin
(1 b,

5 1.27(Am?/eV2)(L /km)

(E /GeV)
Oscillation nodes at w/2,37/2,5m/2,... (7/2): Am? = 0.0025eV 2,
E =1GeV, L = 494km .

) . N> I
P(vg — 1g) = 1 — sin” 26 sin
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Picture with © = 45 deg

-

YA ST Apigeqold

S—

Distance Traveled —»

orn v, == Pure v, = Pure v, = Pure v, = Pure v, =»

Astonishingly this is reality




Oscillations is a2 new
interferometry.

two Path S Interference

in energy or

time
M| ’
1

emitted etected
neutrino neutrino

pattern

S I

light waves barrier

® Just as classic optical interferometry has led to new
precision, neutrino interferometry has potential to be
sensitive to new scales.

® c.g. Measure extremely small masses or interactions.
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Neutrinos and the Standard Model

Massive neutrinos have several implications beyond
just lepton flavor oscillations:

- A possible non-zero magnetic moment?

- Heavier neutrinos could decay into lighter ones
- They will have an effect on the CMB spectrum
- CP violation 1n early universe?

- Hint of unification scale below GUTs

- but still a lot we don't know...

Tuesday, September 20, 2011



The “seesaw’ mechanism
(there are many variations!)

LH Light neutrinos may have heavy RH partners
that may mix via couplings that link LH and RH

The mass of the light neutrino goes roughly as:
m, ~ m*/M

Where m 1s the mass associated with our low
energy EW scale (~246 GeV) and M 1s the mass
of the heavy RH partner.

Oscillation measurements imply M~101> GeV
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Leptogenesis

o [f there does exist a RH heavy partner for the LH
neutrinos, and 1f such a partner violates CP 1n 1ts
decay, it could influence the baryon/anti-baryon
symmetry of the universe

* CP violation 1n the light neutrinos does not prove
that neutrinos have a heavy CP-violating partner, but
it 1s strong circumstantial evidence

* Knowing the absolute neutrino mass and structure
would also help!
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New Age of Accelerator
Neutrinos

® For more precise experiments need pure
beams of muon type neutrinos (or anti-
neutrinos)

® Better controlled characteristics: energy,
spectrum, backgrounds, pulsed.

® High energy (>1 GeV) to provide events with
long muons. Better resolution.

® Generally called Long Baseline Experiments.
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Soudan

® Prepare a pure beam of .
muon neutrino beam.

Madison

® Aim it towards a large
muon detector.

® Observe spectrum of

muon neutrinos to see q
oscillations in energy.

Near Detector at NuMI Far Detector
FERMILAB Ilinois SOUDAN MINE Minnesota
- — - ey [ron Mountains
10 kn A Wisconsin Lake Superior W/ =~ — e .
"v 700.;1‘ —
AT‘ ‘. I . . lkn?; |
Kois Neutrino beam diverges MINOS
beam-pipe - 730 km > detector
MINOS detector .
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Absorber Muon Monitors
Tarece .
arget = Decay Pipe s
\ larget Hall : H = M
. A S M| RS MR N
ol - —(\ IR ) 1] S By 84 S 2
H ]H — Al
Jorns™ < ! v
s ST ||| S
10m 30 m ¢
675 m / RocklI Rock Rock
, : S5m
ladaron vionitor 12m 18m 210 m

® |20 GeV protons from Main Injector

® Parabolic magnetic horns to sign select pions.
Target can be moved to change beam energy.

® |0 psec pulses/2.2 sec, 3.3%10'3protons/pulse
® Beam: vy~ 91.7%, anti-vu~7%, Ve~ 1.3%

® \/, and anti-Vy measured. Ve constrained to ~ 107

with tuned Monte Carlo.

25

Events / GeV / 10" POT

MINOS Preliminary

IIIIIIIIIIIIII]II]IIIIIII
MINOS Near Detector

s Low energy beam (x2)

l Ll

Ll

o High energy beam

g —— Tuned MC

lIIIIlIIlIlIIlIlIIlIII

~10 15 203050
Reconstructed neutrino energy (GeV)
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MINOS data

1 20
7 24x|02° POT neutrlno runnlng 2011 Analysis, 2.95x10<° POT

: MINOS Far Detector - 60+ o —+— MINC;u fiarIDetec]tor Data i
E g Prediction, No Oscillations
3001 —4— Fardetectordata  — B Sy =
% i —— No oscillations | I U:mecelna't?:t'y {zicm;tegnmme iy
O i Best oscillation fit 7 % 40—_ + [___] Backgrounds (oscillated) _-
\200 B NC background — (3 2 = - &)
"‘CL) i | B - 2 05 +10°° POT .
>100E | i @ 201 + !
! + - | :
i 5 e _
O - S S R R —— 0 3 e e —
0 2 - 6 8 10 0 5 10 20 30 40 50
Reconstructed neutrino energy (GeV) RECORETLERC - ey (ORY)

Expect: 245 | Expect: 273
Observe: 1986 Observe: 193

}_\.mm“| D PR S [ Vi \\.].,,.,,
sin? 23) > 0.90 (90% C.L.)

2.02 :|[ < () ('\’.'

sin l,.f(/'._,.-.). — ). ()")r" Illl

Newest update

27
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1 |Super-K
-1 |arXiv:1010.0118 hep-ex
110ct 1, 2010

- |®,, measurements from solar

B 2
Amaiin eV
ND
|

2 and reactor neutrinos

11sin%6,, =0.31%0-03 .

Combined solar Am?,=7.7 +/- 0.3 x 10 eV?

1+ i
I .— KamLAND
—I.....1...1.........I.........I.........i..r
0.1 0.2 0.3 0.4 0.5

sin’(@)
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( T ) Vel Vi V.
)
2
cos § = . cos § =
% sin’ 63 . sinZ6;, sin6;4 {
=2 31 —_1 | ‘_1
c;) Sil’l2 913 Arngol 1
2 Am?, a4 ]
= | kind,4
= sin® 6, kin64 ,
e 2 T —— At
= Am? -1 . 2
> sol sin” 63 1
Z Ny : 31 I
S| , 1
lsin6)4 sin® 63
NORMAL INVERTED
CPT = invariant 0 <« —9

Fractional Flavor Content varying cos 6

- 2
om2 = +7.6 x 107° eV*? sin” 012 ~ 1/3

S

\5m2 | = 2.4 x 10773 eV? SiIl2 923 ~ 1/2

atm
2 2 ~ .
‘5m30l‘/‘5matm| ~ 0.05 SlIl2 913 < 3%
om2,,, =0.05eV <> m, <0.5eV =10"%xm, 0 < 0 < 21

/ parke

Don’t know
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The Mixing Matrix

For neutrinos

Atmospheric ] Cross-Mixing ) Solar

I ] -i0| T .

1 0 0 C13 0 $13€ C12 S12 0
U=|0 Cr3 $923 [ X 0 1 0 X[—=812 (1p 0
0 =83 03 —5136“5 0 a3 0 0 T
elal/z O O

Cjj = COS 0;; < 0 S22

S;; = sin 0;;
0 0 1
Majorana C¥
~ ~ O ~ —~ o o
612 ~ 6801 ~ 34 ° 623 ~ eatm ~ 37'53 ’ 613 <~10

5 would lead to P(vV,— Vi) # P(v,—> vg). CP

Since there are 3 neutrinos, there must be a 3X3 matrix

with 3 angles and | phase (observable) and 2 Am?.
We must determine if this holds true.

30
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Order in fermion spectrum ?

m; = 1.0 my. = 1.67 %107~

m. = 3.6 X 103 ms, = 3.1x107%

m, = 1.3x 1075 mg = 2.3x107°

i = 0 A e = 2.0 10"

m, = 6.2X 10~ s = 5910 "

M =, 300 10 o mp = < m2

CKM PMNS neutrinos

0.9738  0.227  0.0039¢~ 11 0.8 0.6 <0.2¢%
—0.227  0.9729 0.0422 —04 0.6 0.7
0.008 —0.0416 0.9991 04 —-0.6 0.7

CKM: Cabbibo, Kobayashi, Maskawa
PMNS: Pontecorvo, Maki, Sakagawa, Sakata

Tuesday, September 20, 2011



Latest 0,5 results have implications

e T2K sees 6 v, events with expected background of
1.5+/-0.3

* MINOS sees 62 events with expected background of
49.5 +/- 2.8 (sys) +/- 7.0 (stat)

e Combined, these exclude zero at the 90% c.l., and
give a central value of sin“20,; around 0.04-0.08

(depends on mass hierarchy)

* Double Chooz and RENO reactor, DayBay
experiments should have results in less than a year.
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Long-Baseline Neutrino Experiment

To make progress on CP violation needs very large detectors
independent of the value of thetal 3.
34
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The Neutrino Beam Facility at Fermilab

Start with a 700 kW beam, and then take profit of the significantly
increased beam power (2.3 MW) available with Project X

) ‘\‘ - )
a, ~
~ . o\
S \“‘ o, / i -
e \\\ . . b

» Allow NUMI/MINERVA/NOVA
running with LBNE

» Maximize distance between
target and Near Detector (now 603 m
to upstream end)

» Need a wide band beam to
cover 15t and 2" osc. maxima
7

4

:-'_i". ') : 3 D,GF' PR'MARY
NEAR ! /A BEAMLINE AT

DETECTOR | Y 4% TARGET
FACILITIES ’ / 48 degree hor. beng

250 [r)rllggge\z{r_s_'lor}é/,f to point to SD

id
TUNNEL o

, ad\o\* ABSORBER TARGET FACILITES ~150 ft underground
oR® FACILITIES o |

~230 ft underground

Primary beam energy (protons from the Main Injector) from 60 to 120 GeV

Design is becoming quite detailed and documented
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New above ground
design at FNA
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Status of the Homestake site
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Two Far Detector Options

200 kT water Cherenkov 34 kT liquid argon

PMT Electronics Ra-(ks
PMT Cable Nsels,
,/’

Excoss-
cable !ray

Main Tunnel (Half Shown)

\ ~
B, Magnetic Compensation Coils
( [most omitted for visibity)

O Ring of Wall PMTs

~ - Water Recirculation
M~ Manifolds

Excavaton Tunnel

-1 = Vessel Wall
/ " Two 17 kT fiducial LAr detectors

To be located at a new drive-in

site at 800 foot level. (one detector
One 200 kT fiducial WC detector shown here) (~200 Hz)

Located at the 4850 foot level (0.2-0.3 Hz)
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Sensitivity summary
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Project X

Reference Design

3 GeV, 1.0 mA CW Linac (

0.75
MW

Nuclear

1.5
MW

Kaons

0.75
MW

Muons

Recycler /
Main Injector
120 GeV

Neutrinos
2 MW

Energy | Current| DF | power
LI(Ij\I\XC 3GeV | 1mA CW 215\;0
Eﬁ\ﬁg 8 GeV | 40 pA 4;5;11125/ 350 kW
mjector| Gev | 20#4 | 07117 | W’
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Project X

Reference Design
Provisional Siting

| SN -
| 1l &
)i N\ PHASE 1
11" o~
,L‘;/"‘ ;e BELOW GRADE
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81 ! 7 , 1+ 3 GeV Continuous
! | | Wave (CW) Linac
LW . 2- Experimental Arca
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X J /] 3- Linac Beam Dump
Y/ F i Enclosure
'y P
{ '/ /#l * ABOVE GRADE
i U/l STRUCTURES
- y/ |
(l | 4. Upstream Service
i | P :
\ / S| | Building
WILSO | §- _l..lnm: Gallery
« HALL! 6 - Typical Linac
" Service Building
H 7 - Cryogenic Service
e gl Building
] | 8- Center Service
- = ,f Building
i

; :
4 A P \\,
PRSP
- PN\
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;;1 = ‘é'\
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MAIN INJEQTOR
£4¢

e

| 16 - Experimental Halls

S SWMU-p2

PHASE 2 (future) -

e BELOW GRADE
STRUCTURES

9 - 3-8 GeV Pulsed
Linac

10 - Proton Transport
Line Enclosure

e ABOVE GRADE
STRUCTURES

11 - Klystron Gallery

12 - Linac Service
Building

13 - Linac Beam
Absorber

14 - Momentum Beam
Absorber

15 - Debuncher Service
Building

TEVATRON

0 -

~JELM 27

Road Phase 2

-~

» U|?Sed Ly e b 2

3.GeV Linac

3

|Pulsed 3-8 GeV Linac
based on ILC / XFEL
technology

1C-2 v 2.0 Linac Site Plan

44
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K—=>ntvv...Past, Present, Future

BNLAGS Pure stopped 7 events
(E787/E949) 50kW 1x106 K*/sec K* source (charged)

CERN Un-separated 80 events
(NAB2) 20kW 10x10° K*/sec 1- GHz K*/n*/p* beam  (charged)

Project-X Pure stopped >1000 events
K*=TVV 1500 kW  100x10° K*/sec K* source (charged)

JPARC 1 event
(KOTO) <300 kW <0.5x10° K /sec Pencil beam (neutral)

Project-X . Pencil beam & 1000 events
K, STV 1500k °0x10° Ki/sec  precision TOF (neutral)
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wA—>eA Conversion...
Past, Present, Future

PSI “DC” (50 MHz cyclotron)
(SINDRUM I1) 1000kW 107 w/sec 52 +/-1 MeV/c 3x10-13

Booster & JPARC 1 MHz Pulsed
(Mu2e/COMET) 25kW  5x1010 /sec 10-70 MeV/c 2x10-17

Pulsed, narrow-band <10-18

Project-X 12
1000kW  >10' w/sec (30 +/- 1 MeV/c)

(PRISM-like)

Mu2e/COMET breakthrough technology:
« Large muon yield from production target inside of high field solenoid.
» Pulsed beam strongly suppresses pion backgrounds.

Project-X breakthrough technology:
» Collapse the high flux wide-band muon beam to a narrow-band beam with
cooling techniques.

Tuesday, September 20, 2011



Sensitivity summary
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Kautilya: Check the King’s
treasury before starting a
project.
(Koshpurvaa Sarvaarambha’)

Tuesday, September 20, 2011



Fundamental Equation of
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Money = Science

Kautilya: Check the King’s
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project.
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Price tag

e LBNE has been costed (preliminary) at ~1.5 B including all
contingency factors and site work at Homestake/Sanford
Lab.

® The Project-X 3 GeV program comes at ~1.4B
® Additional cost from 3 to 8 GeV LINAC ~0.5 B

® There will be foreign contributions (already started on
Project-X), but 1t will require consistent policy.

® We need to remain wisely optimistic and keep working at it.
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Conclusion

® Mecasurements of the Standard Model in the last two decades
have sharpened the key questions.

® Besides the important direct observation of electro-weak
signatures, low energy observables can also contribute. e.g. the
muons (g-2) anomaly has become central to new physics
searches.

® New kaon, muon experiments should be launched. These are
intricate, high technology experiments with great promise for
new physics that 1s independent of the energy frontier.

® Neutrino physics 1s still going through a revolution and there 1s
still much that we do not know. It will need new beam and
detector facilities such as LBNE.
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Backups
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Project X

JC
Reference Design W
Capabilities

e 3 GeV CW superconducting H- linac with 1 mA average beam current.

— Flexible provision for variable beam structures to multiple users
« CW at time scales >1 usec, 15% DF at <1 usec

— Supports rare processes programs at 3 GeV
— Provision for 1 GeV extraction for nuclear energy program

e 3-8 GeV pulsed linac capable of delivering 300 kW at 8 GeV

— Supports the neutrino program
— Establishes a path toward a muon based facility

e Upgrades to the Recycler and Main Injector to provide =2 2 MW to the
neutrino production target at 60-120 GeV.

 Day one experiment to be incorporated utilizing the CW linac

=Utilization of a CW linac creates a facility that is unique in the world, with
performance that cannot be matched in a synchrotron-based facility.
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Project X - G
Chopping and splitting for 3-GeV L. 2

1 usec period at 3 GeV

Muon pulses (16e7) 81.25 MHz, 100 nsec at 1 MHz 700 KW
Kaon pulses (16e7) 20.3 MHz 1540 kKW
Nuclear pulses (16e7) 10.15 MHz 770 kW

lon source and RFQ operate at 4.2 mA
/5% of bunches are chopped at 2.5 MeV after RFQ

—_
o0

[E—
(@)

‘Separation scheme

[E—
N

—_—
[\

—_—
S

Number of ions per bunch, (e7)

Transverse rf splitter

[ S . ) e

0.0 0.1 03 04 05 06 0.7 09 10 1.1 1.2 14 15 1.6 1.7 19 2.0

Time, us 53
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Performance Goals

Linac
Particle Type H-
Beam Kinetic Energy 3.0 GeV
Average Beam Current 1 mA
Linac pulse rate CW
Beam Power 3000 kW
Beam Power to 3 GeV program 2870 kW
Pulsed Linac
Particle Type H-
Beam Kinetic Energy 8.0 GeV
Pulse rate 10 Hz
Pulse Width 4.4 msec
Cycles to Ml 6
Particles per cycle to Ml 2.6x1013
Beam Power to 8 GeV 350 kW
Upgraded Beam Power to 8 GeV 4 MW
Main Injector/Recycler
Beam Kinetic Energy (maximum) 120 GeV
Cycle time 1.4 sec
Particles per cycle 1.6x1014
Beam Power at 120 GeV 2200 kW

Steve Holmes £ Fermilab

54 DPF Project X Forum, Aug. 10, 2011
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Performance Goals

Linac
Particle Type H-
Beam Kinetic Energy
Average Beam Current
Linac pulse rate
Beam Power
Beam Power to 3 GeV program

Pulsed Linac
Particle Type
Beam Kinetic Energy
Pulse rate
Pulse Width
Cycles to Ml
Particles per cycle to Ml

Beam Power to 8 GeV 350 kW SimUItaneOUS
Upgraded Beam Power to 8 GeV

Main Injector/Recycler
Beam Kinetic Energy (maximum)
Cycle time
Particles per cycle
Beam Power at 120 GeV

Steve Holmes £ Fermilab

54 DPF Project X Forum, Aug. 10, 2011
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Site investigation and preliminary design

eConfidence 1n 55m span WCD
cavity 1s high after much
detailed design. (100kTon)

eInitial studies show that
200k Ton could be possible
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Site proposal for 34 kTon liquid argon

Ramp From 300L
/ t0 800L Yates Shaft —

eL1quid Argon

gl o e i i { development is proposed
@ Level Existing 800
to be at 800 ft level.
Utility Shafts
e LTeocaen: eKeep separated from
Ross Shaft : e
\ LArTPC Cavern 1 reSt Of lab.
__j Ross e Allow horizontal access
- == Complex N
y — | 7 through tunnel.
b —soth = *Rock 1s not fully
. "’_ 1| ?‘:’ — -..‘_';; '
(T~ o U USS) explored, but caverns are
Kirk Rgﬁg Eans 0_\:- . // Smaller.
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151@ = HRavp,
L. Wolfenstein: Oscillations need to be modified in presence of
matter.
Ve\/ e 4 ~____— v
Charged Current Neutral Current
for electron type only for all neutrino types

Additional potential for v, (7.): =v2GpN,

N, 1s electron number density.
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Oscillations in presence of matter

1
ir_y'f — RE}H(L;TH) -+ Hmﬂf(ylf}

dax

d b 1 - J— 0 P T3 o N 0 y
T = T — -H.ﬂ p. 1 2 o 'H,rljr 1 2E ""'H'_ ! L= e
dz m 1K 0 my — m3 0 —2G p Ne ™

Looking at conversions of muon to electron neutrinos.

sin? 26/ .o LAm? |
Pp—;e — = > 81N

[(a — cos 20)2 - sin? "
(cos 26 — a)? + sin” 26 1 V(@ —cos20)7 +sm” 20

a = 2v2EGrN./Am*®

4
~ 7.6x107° x D/(gm/cc) x E,/GeV/(Am*/eV?) “

This effect present if electron neutrinos in the mix
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2-neutrino picture

P (mu - e) With matter 3 gm/cc

0.2 —
0.15
0.1
| No matter
0.05]
x /. Energy
2 3 4 5 GeV

Osc. probability: 0.0025 eVA2, L= 2000 km, Theta=10deg
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