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The three frontiers




2?Future Collider??

)

L _ 2 Vadim Rusu - Future of particle physics at Fermilab




Ha

LT AT f T ' N B

rmn..,(.«.\ qfﬂ. 1-‘5 Vr“..,:

- ..}w.w_;c M & .
—— _%li g

-y

Ne)
y S
, &
| .
O
L
{ =J
o
(7))
L
(%]
>
-
[a%
Q
L
)
[ .
<
o
[ -
(@)
(0]
(5
S
)
S
L
. |
)
(7))
=)
fa'd
§ £
..m
>
Al
Ll



(‘f];\. ¥ %p J\-,

‘( ’ ’ : 4
- HOIég (lrgﬁ J\ =
- CMB polarlzat

L o

L _ 2 Vadim Rusu - Future of particle physics at Fermilab



a

‘ .

h.

’ i
’
' ~ o

-
-

ing fo

arc




Type la supernoVae
e BAO
® Galaxy Cluster Count

® Weak Gravitational Lensing

= ® Wide sky surveys

1 Vadim Rusu - Future of particle physics at Fermilab
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Now

DM: ~10kg
DE: SDSS
Auger

Timeline

2013 2016

DM: ~100kg
DE: DES
Auger

N
-

&

holometer
: 2

2019 2022

DM: | ton DE:LSST
DE: LSST

| 4



® Neutrinos

® Muons

® Kaons -

® Nuclear physics

.-
—

® Energy applications

-

SR \ ~
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%, Extraction from MI-60 c
‘é t__‘*;:“

4

e

e 3GeV CW Linac (3MW)

= muon, kaon, nuclear; energy

e 8GeV bridge to MI/R (2MW)

= neutrinos

® SCRF technology

® [ront end for future muon collider

- = back to energy frontier

L . 21 Vadim Rusu - Future of particle physics at Fermilab
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05’; FewTeV lepton collider
LHC . {
= clean calculations « . ' 4
f' d=8.4km .
® Electrons brem s |
‘ ﬁ_vl )
= . hence onIy_Iinear feasible : ILC
F48 T : |=30km
o too long g -
© H1ggs factory._ _ ;."'\Jd
o Neutﬂno factory . -
° \Requu*es a high power, multiGeV proton source (PX)-

0 ey
J - :"-,

CLIC
I=50km

VLHC
d=74km
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Compressor ring
= reduce size of beam

Target
= Collisions lead to muons of ~200MeV

Muon ca

= Capture, bunch and cool muons
a tight beam

® Initial acceleration

= |n a dozen turns, accelerate muons to
20GeV

® Recirculating linear accelerator

= |h 2 nhumber of turns accelerate muons to
2TeV using SRF technology

® Collider ring

= Bring positive and negative muons into

tO create

collisions at two locations 100m 4
underground
L,X
C . “J Vadim Rusu - Future of particle physics at Fermilab 18



Long baseline neutrinos

— Prediction, No Osclations
Prediction, A =2 32<107 eV* |
Prediction, Best-Fit Parameters
Uncertainty (oscilated) '

10 20 30 40 50
Reconstructed vV, Energy (GeV)
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Long baseline neutrinos

NOVA: off-axis (2013 — ) — 810 km
MINOS: on-axis (2006 — 20147) — 735 km

‘ Y T ) 90% CL Sensitivity to sin(20,,) » 0
far detector under const. = \ I f
- 4 : 5 -
\ = .
E_ )
/_'
J ‘ !
Mg 7 L =810 km, 15°“v’
\ R YRy am,2=2410"e
MINOS & : s|n§(22em)-1

3 years at 700 kW,
1.2 MW, and 2.3 MW
foreach vand v
— Aam?>0

— AM? <0

0.015 002 0025 003

| i. ‘\\‘& X 2 sin*(6,,) Sin%(20,,)

FERMILAB .
- l‘ | ‘~ \
= i e *
r'na R |
q'( )/
near det. on surface v '

¢

(taking data)
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Long baseline neutrinos

lL.ong Baseline Neutrines (beyond NOVA) i e

100 i 10° 1"
LBNE (DOE Stage 1 Approval, Jan. 2010):
Neutrinos, Proton decay, Supernova, ...

dcp COvVerage (%)

296 members, 58 institutions, - 7

9 countries (India, ltaly, Japan, UK, US) I
Continue to grow! LD )

LBNE(2.3MW), NOVA(0.7MW), MINOS(0.3MW) ”

»
"
.0
-

7
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run: 21511

20




Muon program

B(uN—eN’) > 10 .

~"Mu2e goal
B(uN—>eN’) > 10"

6
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Muon program

Status: summer 2011 (published results shown only)

{

JN 09 (e'e -based)
-299 2 65

DHMZ 10 (r-based)
-195 = 54

DHMZ 10 (e'e)
-287 = 49

HLMNT 11 (e'e)
-261: 49

BNL-E821 (world average)
0+63

RO ‘ S ® BNL experiment ended stats limited
700 -600 -500 -400 -300 -200

® More flux @ 50
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Muon physics at PX

muon to electron conversion
g-2
U edm

LI — eee

Ordered
IJ"'e-—} u-e+ That?

UTA= UA;, LA UTA; LA e”A

...the list can go on and on...
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Kaons

K71 VV: > 1000events,
vrecision rate and form factor

KL=>T11°VvV: 1000events, high e
flux and precision TOF 20esl | |

E‘ >

K* = 110u*V: Measurement of
T-violating U polarization

K= (TTH)+Vx: search for
WCEYAY

O—> 1719 : <10% CP violation
measurement

KO K* = LFV: next generation
LFV experiments
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Nuclear physics

® EDMs in neutral systems (Fr, Ra, Rrii8

= CP violation

® Processing nuclear waste

= technology

® Material tests under high radiation

e ADS \
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Accelerator R&D

ground breaking last week!




Tevatron
LHC LHC LHC Upgrades LHC
ILC?7? ILC, CLIC or
Muon Collider
MINOS NOVA / MINOS(?) NOvVA / LBNE Project X:
MiniBooNE MicroBooNE MicroBooNE (LBNE & other v’s)
MINERVA MINERVA MINERVA (u, K programs)
Muon g-2 MuZe (nuclei, engy prog.s)
SeaQuest SeaQuest v Factory ??
DM: ~10 kg DM: ~100 kg DM: ~1 ton
DE: SDSS DE: DES DE: LSST DE: LSST
WFIRST?? WFIRST??
P. Auger P. Auger BigBOSS??
Holometer?
Now 2013 2016 2019 2025
.
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o' Neutrineo+tmuon experiments this decade

® VWhatever the new physics at LHC by now is clear
that is neither the simplest nor the most accessible

= a diversified world particle physics program is the only way
to disentangle and come up with the next steps

-

SR \ ~
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