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Comprehensive Strate;y
ard Model

Direct and Indirect Searches for Physics Beyond the Stan
Compelling arguments for "New Dynamics” at the TeV Scale

A comprehensive search for clues requires:
Large Hadron Collider as wellas Lower Energy: Q% << M;?
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Comprehensive Strategy
ard Model

Direct and Indirect Searches for Physics Beyond the Stan
Compelling arguments for "New Dynamics” at the TeV Scale

A comprehensive search for clues requires:
Large Hadron Collider as wellas Lower Energy: Q% << M;?

Violations of Accidental(?) Symmetries
CP, T (EDMs, Decays), CPT, Charged Lepton Flavor, Lepton Number

Dark Matter Searches

Neutrino Masses and Mixing
OvBB decay, reactor 0633, long baseline experiments

Precision Electroweak Measurements at Q? << Mz2

flavor conserving and flavor changing neutral current amplitudes, charged
current amplitudes, muon g-2
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Comprehensive Strate;y
ard Model

Direct and Indirect Searches for Physics Beyond the Stan
Compelling arguments for "New Dynamics” at the TeV Scale

A comprehensive search for clues requires:
Large Hadron Collider as wellas Lower Energy: Q% << M;?

Violations of Accidental(?) Symmetries
CP, T (EDMs, Decays), CPT, Charged Lepton Flavor, Lepton Number

Dark Matter Searches

Neutrino Masses and Mixing
OvBB decay, reactor 0633, long baseline experiments

Precision Electroweak Measurements at Q? << Mz2

flavor conserving and flavor changing neutral current amplitudes, charged
current amplitudes, muon g-2

Intense beams, exotic nuclei, table-top experiments, rare processes....
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IntenSIty Frontier

Electroweak Interactions at scales much lower than that of EWSB

Many theories predict new forces that
Dy”.am'cs yolng disappeared when the universe cooled
particles with m > A
courtesy —\
V. C1rghano x .
~TeV L SM+4Heavy
4 )
Cn A
Leg = Loy + E Osu]
d>5
- J

oflavor changing as well as flavor diagonal

Many new physucs models give rise to
echarged current as well as neutral current

such terms:
Heavy Z's and neutrinos, technicolor,
compositeness, extra dimensions, SUSY ...
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Intensr(y Frontier

Electroweak Interactions at scales much lower than that of EWSB

Many theories predict new forces that
Dy”.am'cs yolng disappeared when the universe cooled
particles with m > A
Courtesy —\
V. C1rghano x .
A (~TeV) L SM +Heavy
4 )
Cn A
Log = Lsn + E Osu]
d>5
- J

oflavor changing as well as flavor diagonal

Many new physucs models give rise to
echarged current as well as neutral current

such terms:
Heavy Z's and neutrinos, technicolor,

compositeness, extra dimensions, SUSY..  ®Electric Dipole Moment Searches

® Neutrinoless Double Beta Decay Searches

® Charged Lepton Flavor Violation Searches
® CP- and T-violating Weak Decay Searches
o ["lavor-changing neutral currents

Measurements with the potential to indirectly
access the TeV scale involve pushing one or
more experimental parameters to the extreme
such as intensity, luminosity, volume,

. : o ® Precision Weak Neutral Current Interactions
radio-purity, precision, accuracy....
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Outline

The focus of this talk: flavor changing & conserving lepton currents

Charged Lepton Flavor Violation
u—-ey (MEG at PSI)
UN-eX (Mu2e at Fermilab)

Intensity Frontier Physics at Fermilab

Precision Electroweak Measurements at Low Energy

Other Topics:
muon g-z at FNAL ® Dark Matter (Thursday morning, parallel sessions)
Parity-violating Electron Scattering eNecutrinos (this morning, parallel sessions)

Qweak & PVDIS at Jefferson Lab e EDM searches (Parallel session this afternoon)
o Heavy Flavors (Plenary talk: Saturday morning)
MOLLER & SOLID atter the 12 GeV Upgl’ade e CP-Violation (Plenary talk: Saturday morning)
News on Double-Beta Decay Searches
EX0-200 is running!
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Lepton Flavor Violation

® V oscillations: individual lepton family numbers (Le,ur) are not conserved

e SM + massive V’s: charged LFV allowed but negligible (GIM-suppression)

tiny standard model 3a 2

: : BR(p — e = Ui < 10~54
branching fraction W=z e 32m oL M2

,y =23

Extremely clean probe of “new”
physics at the TeV scale
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Lepton Flavor Violation

® V oscillations: individual lepton family numbers (Le,ur) are not conserved

e SM + massive V’s: charged LFV allowec

tiny standard model 2 iri3
branching fraction el

but negligib

Am12
Z e Ues ]\42
=23

Extremely clean probe of “new”
physics at the TeV scale

Example: SUSY interpretation of g-2
anomaly results in significant enhancement!a

e (GIM-suppression)
) Supersymmetry

A

T
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Lepton Flavor Violation

® V oscillations: individual lepton family numbers (Le,ur) are not conserved

e SM + massive V’s: charged LFV allowec

tiny standard model
branching fraction

Tau Decays at e+e- colliders

Krishna S. Kumar

BR(pu — e7)

3
S >_ U

=23

but negligib

2

A

Extremely clean probe of “new”
physics at the TeV scale

Example: SUSY interpretation of g-2

At Colliders:

Large samples

OF -

_|_

T pairs

New results from Babar/
BELLE; future initiatives
will try to push this by one

or two orders of magnitude
Searches for BSM Physics at Low Energy, DPF2011, August 9 2011

anomaly results in significant enhancement!a

T

e (GIM-suppression)

Supersymmetry
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Talk by N. Donato,
at Wed. afternoon

Sensitive search for u= — e using CW surface muon beam

signal background
H—>evy correlated accidental
et M+ _-,; H—>eyvy ru—>eyvv
/ v un>evv & { ee—~>vy
- o el > el
0., =180 : - /V L Y
E,=E, =52.8 MeV 2 /4| Y —9 >~ -~

t,= 1, ¥ o W\/
R

Bprompt = 0.1 X Bace | Baee F“AEeAEi(Aem)QAtm
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Talk by N. Donato,
at Wed. afternoon

Sensitive search for u= — e using CW surface muon beam

signal background
H—>ey correlated accidental
et if _-,; H—>eyvy ru—>eyvv
/ v un>evv & { €ee—>7vYy
- o el > el
0., =180 : - /V L Y
E.=E =52.8 MeV e/“ v (- -

V +
t,= 1, - H\

Bprompt & 0.1 X Bace  Bace “AE eAEZ(Afey)? Atey

The beam The detector

* located at Paul Scherrer Institut (CH) Beam of 3x107 n /sec stopped

« the most intense in the World ina 175 pm target

(>3x108u/s @ 2 mA) Liquid Xenon calorimeter for y

» continuous (good for B, . suppression) detection (scintillation)

Solenoid spectrometer & drift

-+ surface muons (28 MeV/c) chambers for e* momentum

im

Scintillation counters for e*
Timing

COBRA Magnet

Drift chamber

Matter effects must be

Stopping Target Timing counter minimized in order not to
—— — ] spoil the resolution
.." 18 \ Drift chamber
Liquid Xenon /{X'/" """" - i
Scintillation Detector,
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MEG at PSI

Talk by N. Donato,
Wed. afternoon

Sensitive search for u= — e using CW surface muon beam

signal

pu—>ey
——p

e poy
6., = 180°
E.=E =52.8 MeV
t,= 1,

The beam

* located at Paul Scherrer Institut (CH)

* the most intense in the World
(>3x108u/s @ 2 mA)

» continuous (good for B_ . suppression)

| « surface muons (28 MeV/c)

im

COBRA Magnet

Drift chamber

Muon Beam o L
T et g
Stopping Target Timing counter
= a——
| — : o : — IJ
O 4
]
J'/'
L}
Liquid Xenon ffeeemeenad
Scintillation Detector,

Krishna S. Kumar

background

correlated accidental

L—>eyvv (L eyvy
v un>evv & { €ee—>7vYy
/ : el >ely
-— \
oy ak /
— o —Y-b
A%

e’ l,l+\;
Bprompt & 0.1 X Bace' Baee x %AEQAEi(AQeW)QAtm

The detector

Beam of 3x107  /sec stopped
ina 175 pm target

Liquid Xenon calorimeter for y New.’ 2009+1 0 D&l t&l.’

detection (scintillation)
Result: < 2.4 x 10-12
90% C.L. upper limit

Solenoid spectrometer & drift
chambers for e* momentum

Scintillation counters for e*
Timing

2011 data taking has commenced

Final Goal (~2013):
Sensitivity: few x 10-13

| Matter effects must be
S’/ minimized in order not to
' spoil the resolution
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Broader Sensitivity

The complementarity of muon-electron conversion

By—ew < 12x1074

Talk by M. Lancaster,

B,—3 < 10x1071

—> 101314 (MEG at PSI, now running) e et

p—e

BA u <

pL—e

jL—e

Bt <« 43 x 10712

8 x 1071

B*, < 4.6x107"

10-1417 Mu2e at Fermilab, DeeMe & COMET at |-PARC
muon converts to electron in the presence of a nucleus

Krishna S. Kumar
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Broader Sensitivity

The complementarity of muon-electron conversion

By—ey < 12x107H1

Talk by M. Lancaster,

B;z—-iie < 1.0 x 1()_12

—> 101314 (MEG at PSI, now running) e et

Bt <« 43 x 10712

p—e

BAv 8 x 10713

pL—e

BPt  « 4.6 x 1071

10-1417 Mu2e at Fermilab, DeeMe & COMET at |-PARC
muon converts to electron in the presence of a nucleus

jL—e

B
\ Y

M_+(A,m _>V‘u +(A,Z—1)

N
l muon decay in orbit

nuclear muon capture # — € VV

Signature: single ~105 MeV
monoenergetic electron;
beyond endpoint of DIO spectrum

Krishna S. Kumar

Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 7



Broader Sensitivity

The complementarity of muon-electron conversion

By—ey < 12x1071
B, 3 < 10x107"
B, < 43x 10712
B, < §x1078
B < 4.6x 1074

7

muon decay in orbit

nuclear muon capture H# — € VV

M_"'(A,m %V'u +(A,Z_1)

Signature: single ~105 MeV
monoenergetic electron;
beyond endpoint of DIO spectrum

Krishna S. Kumar

—> 101314 (MEG at PSI, now running)

Talk by M. Lancaster,
Wed. afternoon

10-1417 Mu2e at Fermilab, DeeMe & COMET at |-PARC
muon converts to electron in the presence of a nucleus

A (TeV)

T

—

> - > -

N

-

-

N
-

B(uN-sN on Al)>107 18

MuzZ2e Project-X

Mu2e/COMET

B(uN=N on Al)>10710

B(u—2y)>10714

SINDRUM-II

\ X Excludad (N—=2aN on Au)

10-2
0

1
1071

1
1

Q@

© |____.

O

m “a

U) 10° _“\\____MEG \‘\

% Blu=ey)>10713 TN

= T TT—MEG 2011
MEGA g

- )

O Excludad (u-ey)

c

O

i

X
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Broader Sensitivity

The complementarity of muon-electron conversion

By—ey < 12x1071
B, 3 < 10x107"
B, < 43x 10712
B, < §x1078
B < 4.6x 1074

7

muon decay in orbit

nuclear muon capture H# — € VV

M_"'(A,m %V'u +(A,Z_1)

Signature: single ~105 MeV
monoenergetic electron;
beyond endpoint of DIO spectrum

Krishna S. Kumar

—> 101314 (MEG at PSI, now running)

Talk by M. Lancaster,
Wed. afternoon

10-1417 Mu2e at Fermilab, DeeMe & COMET at |-PARC
muon converts to electron in the presence of a nucleus

A (TeV)
T ] e MuzZ2e Project-X
S—— Mu2e/COMET
wik i
B(uN—eN on Al)>10718
Supersymmetry and O
Heavy Neutrinos T
et~ O | T B(u—ey)>10714
Contributes SINDRUM:!
to u—¢ N P T MEG:\\ ———
“ y % B(u—sey)>10713 \\\
.~ + Excludad (N-eN on A
c T T—MEG 20 e
MEGA =
| - p
q) Excludad ( u=ey) 7 <
-g) it 1 1 \l\ 1
c 1072 10~ 1 10} K 10

X
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Broader Sensitivity

The complementarity of muon-electron conversion

< 12x1074
< 1.0 x 10712

Bll —Ee7
B;z—:ie
Ti

B;z—e

BA u

pL—e

BPb

jL—e

< 43 x 1071
< 8x 1071
< 46x 1071

7

muon decay in orbit

nuclear muon capture H# — € VV

M_"'(A,m %V'u +(A,Z_1)

Signature: single ~105 MeV
monoenergetic electron;
beyond endpoint of DIO spectrum

Krishna S. Kumar

—> 101314 (MEG at PSI, now running)

Talk by M. Lancaster,
Wed. afternoon

10-1417 Mu2e at Fermilab, DeeMe & COMET at |-PARC
muon converts to electron in the presence of a nucleus

A (TeV)
A Wt e Mu2e Project-X
\ y <
L SRt st e Al Mu2e/COMET |
B(uN=N on Al)>10710 N
Supersymmetry and o) Contact Interactions
Heavy Neutrinos T e.g. Heavy Z
; O | B(u—ey)>10714 ) 245
Contributes 7 ] SINDRUM:I! Does not
oL — MEG\‘ e
to “_—)ey % : B(u—ey)>10713 ‘\\\\\ \ v prOduce M_)ey
g -_\MEG 2(*)11 p ‘-*'"‘\‘\E,xclwed (N=2N on Au)
MEGA :
(- )
O Excloded (u—s2y) 7~
o | . i .
e 1072 107! 1 10! K 102

X
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Talk by C. Group,

Mu2e at Fermilab ‘e

A new project using intense, pulsed low energy proton beam

Supersymmetry Compositeness Leptoquark
M, ~=
rate ~ 10-1° A, ~ 3000 TeV 3000 (Aud)\L:d)"? TeVic?
W e H © g
>< a
q q d o} e
Heavy Neutrinos Second Higgs Doublet Heavy Z°
Anomal. Z Coupling
2 ~ 13 H..)~ 10“g(H
[UuUenl? ~ 8x10 9(Hye) 9(H,.) M, = 3000 TeV/c?
N ) e ; ) :
W . H’ t © " ’ ¢
" W e N 7t 122
q é- q G * q q . G
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Talk by C. Group,

Mu2e at Fermilab ‘e

A new project using intense, pulsed low energy proton beam

Supersymmetry Compositeness Leptoquark FY11 FY12 FY13 FY14 FY15 FY16 FY17 FY18
MLQ = Ql{Q2(Q3|Q4jQi|Q2|Q3|Q4jQl|Q2(Q3|(Q4]Ql|Q2|Q3|Q4jQl|Q2|Q3|Q4|Ql|{Q2|@3|Q4]jQl|(Q2|@3|(Q4|Ql|[Q2|Q3|Q4
rate ~ 10-1% A, ~ 3000 TeV 3000 (A\hoe) 2 TeVIC2 [ o, 2l ols coml S
- d Conceptual Design i n °
L S
? =
d Q@ e
Solenoid Installation E
Heavy Neutrinos Second Higgs Doublet Heavy Z° §
Anomal. Z Coupling —— . A
U U 2 N 8x1 0-13 H - 10_4 H onstruction -
IUnUenl 9(Hye) 9(H,,.) M,. = 3000 TeV/c? A | r : é
N u . e e- u- ’ e- onstruction g “
H: t ! g Q
. W . i
e N 3
q . q q . q q . q 8

A factor of 104 sensitivity improvement:
Pulsed proton beam, superconducting magnets for
intense muon beam, exquisite momentum resolution

Production Solenoid Detector Solen0|d
i Transport Solenoid

Production Target

Rate: 5x10"° stopped muons/s
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Talk by C. Group,

Mu2e at Fermilab ‘e

A new project using intense, pulsed low energy proton beam

Supersymmetry Compositeness Leptoquark Fy11 FY12 FY13 FY14 FY15 FY16 FY17 FY18
MLQ = Ql|Q2|Q3|Q4]Q1|Q2|Q3(Q4]Q1|Q2|Q3|Q4|Ql|Q2|Q3|Q4|Ql(Q2|Q3|Q4]Q1|Q2|Q3(Q4]Ql|Q2(Q3|Q4|Ql|Q2|Q3|Q4
rate ~ 101 A~ 3000 TeV 3000 (A o) 2 TEVICZ[ ) 4l coomalh com|h §
l.l- X o “. ' d Conceptual Design .-':
LQ S
i —
qQ q d o e | . E
’ Solenoid Installation “
Heavy Neutrinos Second Higgs Doublet Heavy Z° g
Anomal. Z Coupling _ . —
2 A3 - 4 Construction
Yyl ~ 8x10 (o) ~ 10%0(H,,) M, = 3000 TeV/c? S, P = 1B
N |J,' . e . u' ’ . onstruction Tg ‘H
W Ho -t gl Q
e A E
q . q q . q q . q 8
A factor of 10 sensitivity improvement: In two years of running, fewer than one
Pulsed proton beam, superconducting magnets for Ehackground event in the signal region.
intense muon beam, exquisite momentum resolution o Conversion Events at Ry, = 1015
85 — ‘
Production Solenoid | Detector Solenoid si DIO Events o |
i Transport Solenoid = - L
s
- If Rpe = 1015,
2 :
S ~ L 40 signal events
Production Target " Track Calorimeter foz " iezs  os 1035 104 o4 105
Rate: 5x10"° stopped muons/s racker Electron Energy (MeV)
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Mu2e: Ultimate Sensitivity

muon-electron conversion has potential to reach 10-

monoenergetic single track signal:

Detector and beam technology could
potentially suppress backgrounds to
required level

Neutrino-Matrix Like (PMNS) Minimal Flavor Violation(CKM)

p—ecinTiattan 3= 10
T T

BR(p — €) x 1012 wof-—s B
o - | Current
A ~
conversion

measurement
can distinguish —=_|,
between PMNS s

and MFV . e e
Ml;; (GeV)

L. Calibbi, A. Faccia, A Masiero, S. Vempati, hep-ph/0605139

MuZ2e

Project X reach

complementarity between Lepton Flavor Violation
(LFV) and LHC experiments
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Mu2e: Ultimate Sensitivity

muon-electron conversion has potential to reach 10-

monoenergetic single track signal:

Detector and beam technology could

potentially suppress backgrounds to
required level

e Test any single-operator model via
target-dependence of U—e rate

(=1

Ti | Pb

Al

B(u- ¢:Z) / B(u— ¢:Al)

Cirgliano-Kitano-Okada-Tuzon 2009
20 0 &0 s
Z

V(Z)

Vi)
|
:.. A ) r-S

Neutrino-Matrix Like (PMNS) Minimal Flavor Violation(CKM)

p—ecinTiattan 3= 10
T T

BR(i — €) x 1012 i
o = . el Current
: | sy S ‘ '“——i--—: ue
measurement/ o p— %__i-——-lconversion
can distinguish —=_ Mu2
between PMNS SR uze
and MFV . e

M, (CaV)
M, o (GeV)

L. Calibbi, A. Faccia, A Masiero, S. Vempati, hep-ph/0605139

Project X reach

complementarity between Lepton Flavor Violation
(LFV) and LHC experiments
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Mu2e: Ultimate Sensitivity

muon-electron conversion has potential to reach 10-

monoenergetic single track signal:

Detector and beam technology could

potentially suppress backgrounds to
required level

e Test any single-operator model via
target-dependence of U—e rate

Ti | Pb

(=1

Al

B(u— ¢.Z) /| B(u— ¢:Al)

—~ 1
.l—\l. T

Cirgliano-Kitano-Okada-Tuzon 2009
20 0 &0 s
Z

Krishna S. Kumar

\) 24

Neutrino-Matrix Like (PMNS) Minimal Flavor Violation(CKM)

1 Tiattan 3= 10
T T

BR(p — €) x 1012 o i R
. | Current
5ol i | e
measurement ®-|-—conversion
can distinguish —=_|, g | Mu2
between PMNS - i, .. ¢

T ey T

1606 : ! :

and MFV O — L ‘
0 400 £0o 80C 1000 1200 1400 1600

M, (CaV)
M, ;5 (GeV)

L. Calibbi, A. Faccia, A Masiero, S. Vempati, hep-ph/0605139

Project X reach

complementarity between Lepton Flavor Violation
(LFV) and LHC experiments

If signal found in
Phase I (10-16):
change targets

If no signal: Phase I1
reach well beyond LHC
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Mu2e: Ultimate Sensitivity

muon-electron conversion has potential to reach 10-

monoenergetic single track signal:

Detector and beam technology could

potentially suppress backgrounds to
required level

e Test any single-operator model via
target-dependence of U—e rate

Ny E—

Ti | Pb
Al ‘

B(u- ¢:Z) / B(u— ¢:Al)

—~ 1
.l—\l. T

Cirgliano-Kitano-Okada-Tuzon 2009
20 0 &0 s
Z

Krishna S. Kumar

V(z

Tiattan 3= 10

Neutrino-Matrix Like (PMNS) Minimal Flavor Violation(CKM)

BR(j1 — €) x 1012 [
. —— -l Current
: or - '“__i___: he
measurement _—= %--—|conversion
can distinguish —=-_| e, | VU2
between PMNS [ e . /'<C
and MFV o

M, (CaV)
M, o (GeV)

L. Calibbi, A. Faccia, A Masiero, S. Vempati, hep-ph/0605139

Project X reach

complementarity between Lepton Flavor Violation
(LFV) and LHC experiments

If signal found in
Phase I (1016);
change targets

If no signal: Phase I1
reach well beyond LHC
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Project X: Physics Topics

Parellel Session: 12:50 pm Wednesday

Physics Reach Across Intensity Frontier:

Neutrinos
2 MW

Recycler /
Main Injector
120 GeV

— Physics of Flavor
* Neutrinos (NOvA—LBNE)

* Muons challenging accelerator *
* Other: Kaons, EDMs innovations | e
m Talk by R. Tschirhart (¥ 3\ “ — *
Wed. afternoon -
Multiple beams could construction of first stage: Q |
cater to a broad 2016-2020?
physics program %% Oz
1.5
Nuclear MW Muons
Kaons
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Project X: Physics Topics

Parellel Session: 12:50 pm Wednesday

* Physics Reach Across Intensity Frontier:

Neutrinos
2 MW

Recycler /
Main Injector
120 GeV

— Physics of Flavor
* Neutrinos (NOvA—LBNE)

* Muons challenging accelerator
* Other: Kaons, EDMs innovations

| H- Source === Talk by R. Tschirhart

Wed. afternoon

Multiple beams could construction of first stage:
cater to a broad 2016-20207
PhySiCS program m :ﬁ-ﬁ 3 GeV Protons
Nuclear :M?V Muons 20 ps*_l\ﬁl_t

i Flavor changing neutral currents | e, 4

New Physics | highly motivated by virtually all | ¢ '

b—s: Vp* V=N 100 TeV BSM scenarios KO e /
L - S

b—=d: Vyp*Va=N 500 TeV
1 1 Kaons
s—d: V* V=25 1000 TeVie Kaons provide cr.1t1cal NN
- complementarity .

A =sinB,.=0.226(1) Isidori, Nir, Perez 2010 e
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Precision EW Physics

Search for New Flavor Conserving Contact Interactions

Talk by D. Webber, Fri. morning~g

Start with 3 fundamental inputs needed: dem, GF and Mz w
Z
Other experimental observables predicted at 0.1% level: t Ab t Ot

sensitive to heavy particles via higher order quantum corrections /V} /}\

Muon decay Z production
2 Z
Ly =11, xm; —m,

1000

L LU LR L] B L B I
...... ;Zg,;h;“;f;f;etries /’ o -] 4th and 5th best measured
w0 / LT 2 parameters: sin6w and My
- - P
300 |-—-— m, N _—- T {(‘4“ >
200 R 7
Tevatron excluded (95% CL) A~ I

100

M, [GeV]

all data (90% CL)

145 150 155 160

courtesy: Jens Erler

Krishna S. Kumar

165 170 175 180 185
m, [GeV]

190
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Precision EW Physics

Search for New Flavor Conserving Contact Interactions

Talk by D. Webber, Fri. morning~g

Start with 3 fundamental inputs needed: dem, GF and Mz w )

Other experimental observables predicted at 0.1% level: t Ab t OOt
sensitive to heavy particles via higher order quantum corrections /V} /}\
Muon decay Z production

Allows searches for new physics at the TeV 2 2
Hyy =11, cm; —m,

scale via small measurement deviations

1000 ro RRq Ill/l,lIl!lll!llllllllllllll

______ 7 pole asymmetries| ,~” | - 4th and 5th best measured
500 ——- My ’ A parameters: sin“ow and My
— — — low energy : ]
300(-—-—m  |N_____-- 1— -

200

100

M, [GeV]

50

all data (90% CL)

145 150 155 160

courtesy: Jens Erler

Krishna S. Kumar

Tevatron excluded (95% CL)
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Precision EW Physics

Search for New Flavor Conserving Contact Interactions

Talk by D. Webber, Fri. morning~g

Start with 3 fundamental inputs needed: dem, GF and Mz w
Z
Other experimental observables predicted at 0.1% level: t Ab t Ot

sensitive to heavy particles via higher order quantum corrections w

A

Muon decay Z production

Allows searches for new physics at the TeV 2 2
Hyy =11, cm; —m,

scale via small measurement deviations

1000 FO RRq Ill/l,lIl!lll!llllllllllllll

...... 7 pole asymmeties| - | -1 4th and 5th best measured
500 — —- M, )/ o _-=7 2 parameters: sinow and My
— — — low energy I | _ | - %
300 |- — - — mt \\__

200

100

M, [GeV]

50

. -
.
|
.

-
-
.

s

Tevatron excluded (95% CL)

all data (90% CL)

145 150 155 160 165

courtesy: Jens Erler

Krishna S. Kumar

m,

o

170 175
[GeV]

180

190

All flavor-conserving weak neutral

current amplitudes are functions of sin?Ow

sensitive to TeV-scale contact

L interactions iff:

e0(sin?0w) = 0.5%

-a;vay from the Z resonance
2
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Precision EW Physics

Search for New Flavor Conserving Contact Interactions
Talk by D. Webber, Fri. morning~g

Start with 3 fundamental inputs needed: dem, GF and Mz

sensitive to heavy particles via higher order quantum corrections w

Allows searches for new physics at the TeV

1000

W Z

Other experimental observables predicted at 0.1% level: t{ Ab t (Ut

scale via small measurement deviations

A

Muon decay Z production
2 Z
Ly =11, xm; —m,

o, .R, I","'I'!"'!I""I""I"'
...... Zzg,o.h;dai;rf;emes A g 4th and 5th best measured
500 | — —- M, ) b _- 2 parameters: sinow and My
— — — low energy I | _ | - %
300 . — — mt \\__

200

100

M, [GeV]

50

-
.
|
.

-
-
.

s

Tevatron excluded (95% CL)

all data (90% CL)

145 150 155 160 165

courtesy: Jens Erler

Krishna S. Kumar

m,

o

170 175
[GeV]

180

190

All flavor-conserving weak neutral

current amplitudes are functions of sin?Ow

sensitive to TeV-scale contact

L interactions iff:

e0(sin?0w) = 0.5%
-a;vay from the Z resonance
2

one very special observable:
muon g-2 anomaly

Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 1 £



Talk by L. Roberts

Muon g-2 at Fermil Ay

The New Muon (g - 2) Experiment (Fermilab E989): a  to 0.14 ppm

T | LI I B | | 1T 1771 | I I I | I T T 71 I I I I | I 1T 1771 I

JN 09 (e*e-based w/o BABAR)

—299+65 —e— \
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unique sensitivity to SUSY
DHMZ 10 (t-based) :
195454 F—a— | among low energy observables
DHMZ 10 (e*e -based) I
—287 £49 —e—

BNL-E821 (world average) i
0+63 =

Status: 3.6 o
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Talk by L. Roberts

Muon g-2 at Fermil Ay

The New Muon (g - 2) Experlment (Fermilab E989): a, to 0.14 ppm

T I LI I B | | 1T 1771 | T TT I T T 71 ] I I I | I 1T 1771 I T

JN 09 (e*e-based w/o BABAR)

—299+65 e
HLMNT 10 (e*e -based)

—259+48 ——
DHMZ 10 (t-based)

—195+54 F—aA—
DHMZ 10 (e*e -based)

—287 +49 —e—

BNL-E821 (world average)

T T I T T

0+63
Status: 3.6 o i
lllllIllllllllllllllllllllllllllllII|IIII
-700 -600 -500 -400 -300 -200 -100 0
><1O_11
- exp
au au

From BNL

+

unique sensitivity to SUSY

among low energy observables

Help discriminate

among scenarios if 5004
signature at LHC
300 -
Aa |
. 200
100 -
0-
| 4100 -

New installation at FNAL
Status: Obtained Stage-1 Approval, applying for CD-0

Discriminating SUSY models

600 -

SPS 4
| ]
SPS 1b
SPS 1a®
SPS 7
| ]
SPS6  SPS8
SPS 3 .
| ]
SPS 5
|
SPS 2 J VUED
SPS 9
Model u

The Snowmass Points and Slopes showing the
present region favored by the E821 A au, and the
projected sensitivity of E989 (UED is a universal
extra dimension calculation; clearly unfavored)



Muons, Neutrinos and Beyond

Fermilab plan for the next decade
Neutrinos: NOVA to explore the PMNS matrix

Muons: MuZe and g-2 < ﬂ
Neutrinos and Muons can run simultaneously R

MuZ2e and g-2 must alternate but complex
accommodates both

neither conflicts with NOvA

planning assumes all three will run in the next into the Fermilab
decade Accelerator Complex

Significant improvement in intensity with
Project X

x100 muons for muZ2e to reach 1018 or study Z
dependence

Many other ideas for rare mu, K decays, EDMS....

Integration of Project X

Krishna S. Kumar Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 13



Weak Neutral Currents

Search for New Flavor Conserving Contact Interactions

[ [
o o o o 1 1
e#Precision Neutrino Scattering

¢New Physics/Weak-Electromagnetic Interference -

® opposite parity transitions in heavy atoms £
* Spin-dependent electron scattering
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Weak Neutral Currents

Search for New Flavor Conserving Contact Interactions

[ [
o o o o 1 1
e#Precision Neutrino Scattering

eNew Physics/Weak-Electromagnetic Interference *
® opposite parity transitions in heavy atoms £

* Spin-dependent electron scattering

Parity-violating Electron Scattering
¢ =4 =940y Avex _Gr0? (o .o T1B g o, T
-Apg= Apy = G0, A_v SIS (848" +P 8v°84")

gy and g, are function of sin?0y, @ A, ~ 10°-0% to 107*- Qz

longitudinally
polarized ¢
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Weak Neutral Currents

Search for New Flavor Conserving Contact Interactions

[ [
o o o o 1 1
e#Precision Neutrino Scattering

¢New Physics/Weak-Electromagnetic Interference -

: : it )
® opposite parity transitions in heavy atoms : :
* Spin-dependent electron scattering
Parity-violating Electron Scattering
e o, A 2 .
longitudina!ly 'ALR= APV g‘ T G‘ ~ Weak ~ GF Q (g g Vv +[3 g )
polarized ¢ b Y 41O
gy and g, are function of sin?6y, @ Apy ~ 107 QZ/to 107 - Q7
Weak Ch
Thumb rule: measure (sin2 fw) < 0.002 or s arge Qw
better to access the multi-TeV scale e & p: Qw =1-4 sin? Ow
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Weak Neutral Currents

Search for New Flavor Conserving Contact Interactions

l l
o#Precision Neutrino Scattering : 1
eNew Physics/Weak-Electromagnetic Interference

® opposite parity transitions in heavy atoms £
* Spin-dependent electron scattering

Parity-violating Electron Scattering

) A LT Ay = Oy G* Niveak NGFQZ (gAegVT.[.ﬁ gVegAT)

LR PV_GH_G* Av o
gy and g, are function of sin’0y, @ A, ~ 107 - QZ/ o 10™-Q°

Weak Charge Qw

longitudinally
polarized ¢

Thumb rule: measure §(sin® fw) < 0.002 or
better to access the multi-TeV scale e & p: Qw =1-4 sin? Ow
interferes with Z-exchange as Az Anew
. ’A7+A2+Anew 1+2( 52 ) +2( =
well as any new physics Y Y

Krishna S. Kumar Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 14
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SLLAC E158

Parity-Violating Electron-Electron (Meller) Scattering

_,er"f-f e

Krishna S. Kumar

Pur'ely leptonic r'eacnon

C—

Searches for BSM Physics at Low Energy, DPF2011, August 9 2011

15



SLLAC E158

Parity-Violating Electron-Electron (Meller) Scattering

Pur'ely leptonic r'eac‘rlon

€

- e T / e
A */g z' ‘/? e 4 >éWG
e- --F"'_F_J—Ff \e-

-—____q_- e

A, «m E, (1-4sin®9,)

8(sin’9,,)

s 2
sin” U,

Krishna S. Kumar

50 GeV at SLAC:
A
200524 ~ 150 ppb!

PV
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SLLAC E158

Parity-Violating Electron-Electron (Meller) Scattering
i Pur'ely leptonic r'eacnon

e H*“‘-h-_,_ -F"'-’f-f € e- ‘b-\-”“"“--w-__ / e )
- "“--._A - e- f_,,,—-#"-—-”" \e.

A, «m E, (1-4sin®9,)

o 5(A,) 50 GeV at SLAC:
5(5”12 Yw) L0052 ~ 150 ppb!

sin” U, Ay

Standord Linear Accelerator
Cemel Major technical challenges

45 & 48 GeV Beam
85% longitudinal polarization 5 4-7 mr-ad

Final Result:
(-131 £ 14 £ 10) x 10

Phys. Rev. Lett. 95 081601 (2005)
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SLLAC E158

A, «mE,  (1-4sin”9,)

(5(sin2 ) =005 O(Apy ) ~ 150 ppb!
sin® 9, A,,

50 GeV at SLAC:

Standord Linear Accelerator
Cemel Major technical challenges

45 & 48 GeV Beam
85% longitudinal polarization E

Final Result:
(-131 £ 14 £ 10) x 10

Phys. Rev. Lett. 95 081601 (2005)

Krishna S. Kumar

Parity-Violating Electron-Electron (Meller) Scattering

Pur'ely leptonic r'eac'non

e e’ e e |?
Deie e

Limits on “New” Physics

95% C.L. E158

LEPII

Fermilab _ -

e e
q e ?E/
—y —
Z'\e ~—
ViaTey
e e"
doubly charged e
scalar exchange o . \e-

Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 5



The Weak Mixing Angle

Running of 9w : Bookkeeping for off-resonance measurements

0-25 IIII I I I I 1 IIIIII LIL

> 22 0.248 S
.24
- 'l * rren
T q S l e AUt Czarnecki and Marciano (2000)
/ \ VV\ 0.246 | proposed Erler and Ramsey-Musolf (2004)

WO WCEOUWW \anCOnN M
7T

W » W M Y Y ®© Z 0242
= 0.24

oy-v loop is the running of ogm NGD; 0.238
oW-W loop provides indirect m; &z 0.236

. = ° [ ° 2
y-Z loop is the running of sin’Ow 5 55% % MOLLER

0.232 I Qweak
0.23

0.228 :
0.0001 0.001 0.01 0.1 1 10 100 1000 10000
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The Weak Mixing Angle

Running of 6w : Bookkeeping for off-resonance measurements

0-25 IIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII LIL

— SM
T - qsin’0 028 | curene T AR
/ *\ 0.246 | e proposed Erler and Ramsey-Musolf (2004)
VWO VWOV sy
W » W Y = Y Y w7 0242
= 0.24
oy-v loop is the running of aem Nf 0.238
oW-W loop provides indirect my P hae
oy-Z loop is the running of sin’Ow i ¥ MOLLER
0.232 ! IQweak
0.23
‘ » : . 0.228
Atomic Parlty Violation 0.0001 0.001 0.01 0.1 1 10 100 1000 1000C
133Cs: Best result to date e

Future initiatives: Fr, Yb, Ra+....(TRIUMF, Berkeley, Seattle, KVI...)

Deep Inelastic Neutrino Scattering
NuteV result requires careful consideration of nuclear corrections
Improved measurements require new facilities

Krishna S. Kumar Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 16



The Weak Mixing Angle

Running of 6w : Bookkeeping for off-resonance measurements

0-25 IIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII 1 IIIIIIII LIL

o 2 0.248 | . S\

T - q Sln e : ¢ current Czarnecki and Marciano (2000)

/ \ 0.246 [ » proposed brlenandiRamsey:Musolfi(200)
: 0.244
UWU cb 'W Y =® Y Y n 7 0242
= 0.24
oy-v loop is the running of aem = 0.238

: st E i

oW-W loop provides indirect m; ® 0236
oy-Z loop is the running of sin’Ow 0.234
0.232

0.23

0.228

Atomic Parity ViOIation 0.0001 0.001 0.01 0.1 1 10 100 1000 1000
133Cs: Best result to date ey
Future initiatives: Fr, Yb, Ra+....(TRIUMF, Berkeley, Seattle, KVI...)

Deep Inelastic Neutrino Scattering
NuteV result requires careful consideration of nuclear corrections
Improved measurements require new facilities
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Precision Weak Charges

Current and future measurements of parity-violating asymmetries

Jetterson Lab

= A 2

4 e-q couplings and
/‘,l/v\ﬁl\ /q/A\g\ the e-e coupling
_Ci=2818v  Chi=288
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Precision Weak Charges

Current and future measurements of parity-violating asymmetries

Jetterson Lab

4 e-q couplings and
the e-e coupling

Elastic Electron-Proton Scattering

OQweak has accumulated more than 25% of production data
New proposal to improve Qweak by factor of 3 at Mainz, Germany

Deep Inelastic Scattering off Deuterium

6 GeV experiment completed: analysis ongoing
SoLID: New Apparatus with a large solenoid using 11 GeV beam

Mgaller Scattering

MOLLER: New praject to improve E158 by a factor of 5
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Precision Weak Charges

Current and future measurements of parity-violating asymmetries

Jetterson Lab

= A 2

4 e-q couplings and
/‘,l/v\ﬁl\ /q/A\g\ the e-e coupling
_Ci=2818v  Chi=288

Elastic Electron-Proton Scattering

Qweak has accumulated more than 25% of production data T;”fdby D
riday mornin
New proposal to improve Qweak by factor of 3 at Mainz, Germany 2 g

Deep Inelastic Scattering off Deuterium

6 GeV experiment completed: analysis ongoing
SoLID: New Apparatus with a large solenoid using 11 GeV beam - After Jlab energy

Mgaller Scattering upgrade in 2013;

] ; hysics 2015-20
MOLLER: New project to improve E158 by a factor of 5 / RS
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Precision Weak Charges

Current and future measurements of par1ty Vlolatmg asymmetr1es

4 e-q couplings and

—
T

90/ exclusion limits
i MZ, =1.2TeV

~ Erler & Rojas
Es GUTs

Z,

E158
PVDIS (0.57%)

PVDIS (0.6%)

the e-e coupling
C, =288, Y, Bo

& C; = ngxgxi/

LHC new physics signals will have multiple _
interpretations: weak charge measurements

can discriminate among scenarios - PVDIS (0.55%)
I MOLLER (2.3%)

Elastic Electron-Proton Scattering

Qweak has accumulated more than 25% of production data
New proposal to improve Qweak by factor of 3 at Mainz, Germany

Deep Inelastic Scattering off Deuterium

6 GeV experiment completed: analysis ongoing
SoLID: New Apparatus with a large solenoid using 11 GeV beam - After Jlab energy

Mgaller Scattering upgrade in 2013;

1 ] hysics 2015-2
MOLLER: New praject to improve E158 by a factor of 5 «——  Physics 2015-20
Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 17
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Talk by J-P Rajotte
Friday morning
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MOLLER at Jetterson Lab

An ultra-precise measurement of the weak mixing angle using Moller scattering

~ 38 weeks

Epeam=11 GeV 75 uA  80% polarized | > O(Apv) = 0.73 ppb
(~2 yrs)

Apv = 35.6 ppb :> O(Qw) = % 2.1 (stat.) £ 1.0 (syst.) %

3(sin20w) = = 0.00026 (stat.) = 0.00012 (syst.) —> ~ 0.1%
LHQ

detector

array
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MOLLER at Jefferson Lab

An ultra-precise measurement of the weak mixing angle using Moller scattering

A ~ 38 weeks
Epeam =11 GeV 75 uA  80% polarized | > O(Apv) = 0.73 ppb
(~ 2 yrs)
Apv = 35.6 ppb :> O(Qew) = * 2.1 (stat.) £ 1.0 (syst.) %

3(sin20w) = = 0.00026 (stat.) = 0.00012 (syst.) —> ~ 0.1%
LHQ

detector

array

g; A
e Z “'2 €;7.€i€;7" e; > = 7.5 TeV
ij=L,R 2A \/|g%{R — gLl

best contact interaction reach for leptons at low OR high energy
To do better for a 4-lepton contact interaction would require:

Z factory, linear collider, neutrino factory or muon collider
Krishna S. Kumar Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 18



MOLLER at Jefferson Lab

An ultra-precise measurement of the weak mixing angle using Moller scattering

A ~ 38 weeks
Epeam =11 GeV 75 uA  80% polarized | > O(Apv) = 0.73 ppb
(~ 2 yrs)
Apv = 35.6 ppb :> O(Qew) = * 2.1 (stat.) £ 1.0 (syst.) %

= MOLLER -=0.00029
0.23098 + 0.00026

3(sin20w) = = 0.00026 (stat.) = 0.00012 (syst.) —> ~ 0.1%
LLH2

0.23221 + 0.00029

detector

0.23153 £ 0.00016
v?/d.0.f.:11.8/5

a5 [Joi o= 0.02758 = 0.00035
B me=172.7 + 2.9 GeV

3—/\

0:23r s 0232 0234
lept
sin eeﬁ

g; A
e Z “'2 €;7.€i€;7" e; > = 7.5 TeV
ij=L,R 2A \/|g%{R — gLl

best contact interaction reach for leptons at low OR high energy
To do better for a 4-lepton contact interaction would require:

Z factory, linear collider, neutrino factory or muon collider
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MOLLER at Jefferson Lab

An ultra-precise measurement of the weak mixing angle using Moller scattering

~ 38 weeks Proposal to be submitted to DoE

Epeam =11 GeV 75 uA  80% polarized O(Apv) = 0.73 ppb 2 2
’ : # P e I (~2 yrs) > L) 22 (Nuclear Physics) to obtain CD-0

Apv = 35.6 ppb —> 6(Q°w) =%2.1(stat) +1.0 (syst) %
=+ MOLLER -:0.00029

0.23098 + 0.00026

3(sin26w) = = 0.00026 (stat.) = 0.00012 (syst.) —> ~ 0.1%
LLH2

0.23221 + 0.00029

detector

0.23153 £ 0.00016
v?/d.0.f.:11.8/5

|:|0Lh =0.02758 + 0.00035
m m= 172 7 2.9 GeV

0.23_ '_ 2 0232 0234
lept
sin eeﬁ

g; A
e Z “'2 €;7.€i€;7" e; > = 7.5 TeV
ij=L,R 2A \/|g%{R — gLl

best contact interaction reach for leptons at low OR high energy
To do better for a 4-lepton contact interaction would require:

Z factory, linear collider, neutrino factory or muon collider
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Neutrinoless Double-Beta Decay

must not carry
lepton number

Are neutrinos Majorana particles? What 1s the absolute neutrino mass?

Need both helicities,

Ve
SO vV, must be massive

P i

e
x10-2 5 50 -
2.0 40
".’O 30 -
¥ 207 !
104
s 1 . s & _:': 0 = - 2 !
go 2\,'3[3 0.90/1.00 1.10
) : K,/Q
e E : /
3 OvBp
RS \
/2% energy resolution .
0.0-F , : | e r

0.0

Krishna S. Kumar

0.2 0.4 0.6 0.8 1.0

€

“Neutrino mass mechanism”

for double beta decay amplitude ~ m(v)/E(v),

E(v) ~ 100 MeV

N(Z,A)

Talk by E. Avignone,
Friday morning

NEMO3/SuperNEMO (82Se, 150Nd, 48Ca)
NEXT (136Xe)

. SNO++ (150Nd)

! EXO (136Xe)

\ Majorana (76Ge)
EXO gaz (136Xe)

Cuoricino/CUORE (130Te)
GERDA (76Ge)
COBRA (116Cd)

CANDLES (48ca)
KamLAND (136Xe)
MOON (100Mo)

Tracko-calo
Source # detector

K. /Q
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Talk by T. Daniels,
E X O-QOO e

Physics run ongoing with 200 kg of 80% enriched 13°Xe

eat WIPP (1600 mwe)
eLiquid Xe TPC
escintillation (APDs)
ejonization from wires
*2-v: > 40K evts/yr at
current limit

lonization

Lo L

Scintillation

oG e

-

¢0-v reach with 2 year :

o

run: 109 - 135 meV 214Bj undergoes [3-decay
Sta y into 2'*Po which then

undergoes d-decay with a

tuned!  yatiife of 164 ps.

source calibration data

Q510 200
source positions £ - 12000
for calibration runs g 10000
e 50 8000
' 0 6000
3 -50
~ | 4000
-100
| : 450 2000

20966150 100 50 0 50 400 150 200 °
0 X (mm)

Wire Channel
— — —
N S O 00 O N
o O O o o o o

o

B
o

Wire Channel
— — —
> [<2] (-] o N
o o o o o

[
o

Time
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Take-Away Message

Charge Lepton Flavor Violation Searches

MEG will push into the interesting region (1013) in a couple of years
MuZ2e, DeeMe and COMET will improve sensitivity by 103-10* over the next decade
Tau decays aim to improve sensitivity by 10 to 100 at super-B factories

Muon g-2

Plans are being made for x4 improvement with a new experiment at Fermilab
Fermilab Project X offers the potential to expand
portfolio of Intensity Frontier physics
Parity-Violating Electron Scattering

Qweak will produce the best low energy weak mixing angle measurement in 2 years
MOLLER and SOLID will push sensitivity into the multi-TeV scale in the next decade

Neutrinoless Double-Beta Decay
EX0-200 has begun a physics run with 160 kg of 1’¢Xe

Several other projects at the scale of 100s of kg-yr will start data collection in the
next few years: probe the 100 meV absolute mass scale

Krishna S. Kumar Searches for BSM Physics at Low Energy, DPF2011, August 9 2011 21



Mature Technique

Parity-Violating Longitudinal Beam Spin Asymmetry
Parity-violating electron scattering has become a precision tool

10°E
; 22
10°F
| N . -Be * PY -IS
@ HL  PV-DIS12GeV)
-6
o3 e H-
z }i-He
< 107
e
> SLAC
- - Qe MIT-Bates
2 Mainz
-9 =
U - Moller(12GeV) JLab
F §
10‘10 i phll 1 w 111] ]ulll I L1l 1 L iiil
050 A A 0 0 2100
APV

® Beyond Standard Model
* Strange quark form factors

® Neutron skin of a heavy nucleus
® QCD structure of the nucleon

Mainz & MIT-Bates in the mid-80s

JLab program launched in the mid-90s:

focus on strange quarks

e part per billion systematic control
* 1% normalization control

photocathodes, polarimetry, high power cryotargets,
nanometer beam stability, precision beam diagnostics,
low noise electronics, radiation hard detectors

Krishna S. Kumar

Searches for BSM Physics at Low Energy, DPF2011, August 9 2011

22



Potential Isotopes

Candidate nuclei with

Q>2 MeV

Candidate Q  Abund.

(MeV) (%)
48Ca—*48Ti 4.271)|0.187
76Ge—~76Se | 2.040|7.8
82§e—-82Kr | 2.995|9.2
%Zr-%Mo |3.350|2.8
100Mo—100Ru | 3.034 | 9.6
110Ppq—110Cq | 2.013 | 11.8
16Cd—1165n | 2.802 | 7.5
124§n—124Te | 2.228 | 5.64
130Te— 130Ke | 2.533 | 34.5
136Xe—136Bq | 2.479 | 8.9
150Nd—150Sm| 3.367 | 5.6

Krishna S. Kumar

lr
14

T,,0BB=2.237044 . x 1025 years | disfavoured by 0v28

4 N 11k N
2020 2030 2040 2050

Energy, keV

m,eff=0.32 + 0.03 eV

76Ge
825e

100Mo
130Te
136 X

mefr ~ 50 meV: ~ 1027 years
(1027 nuclei ~ 103 moles ~ 100 kg)

current OvPp sensitivity
Claim by Klapdor-Kleingrothaus et al.

MPLA 21, 2006.

1

10! :

50 meV

(2.1-2.6)x 1027 y
(60-87)x10%y
(1.1-17) x 107 y

(0.7 - 1.7) x 1027 y
(15 - 5.6) x 1027Y

[Strumia and Vissani, hep-ph/0606054] lightest neutrino mass in eV
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= Ongoing PI‘OJeCtS
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Liquid Xe WIPP

25
136y (USA) 2010 0.002 6.410 <109-135
GERDA Diode Ge Gan sasso 18 2010 0.01 3.10% < 250- 380
°Ge (Italy)
40 2012 0.001 3. 1026 <80-120
g’ 25 ;
CUORE-0 13 5011 0.12 8.10 <100 - 200
Bolometers
CUORE . gfa': s)as” N 0.01 21102 <41 .82
y 0.001 6.510%  <23-47
SN module0 Tracko-calo Modane 7 2013 0.0001 6.10% < 200 -600
82Ge, 1°°Nd  (France)
SuperNEMO 100 2015 0.0001 1026 <53-145
SNO+ Lig. Scint. SNOLAB
150N g (Canada) 44 2012 < 100
KamLAND Lig. Scinti Kamioka
136y @ I 400 2011 <60 (2yr)
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Xenon 1s Attractive

Xenon isotopic enrichment is easier: Xe is a gas and 3%Xe is the heaviest isotope.

Xenon is “reusable”: can be re-purified and easily recycled into a different detector
(no crystal growth).

Monolithic detector: LXe is self shielding, surface contamination minimized.

Minimal cosmogenic activation: no long lived radioactive isotopes of Xe.

(Energy resolution in LXe improved: scintillation light + ionization anti-correlation)

( admits a novel coincidence technique: background reduction by Ba tagging.)
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EXO0-200 Overview

EXO-200 is a large LXe TPC with scintillation light readout.
It uses a source of 200 kg of enriched xenon (807% 136>(e).

— EXO0-200 has no *°Ba’ identification <
Goals:
- look for 0vpf decay of *°Xe with competitive sensitivity
(T%12> 6 x 10> y, current limit: Ty, > 2.8 x 10* y)

- measure the standard 2vpp decay of **Xe (Q = 2457.8 + 0.4 keV) and
measure its lifetime (best upper limit to date: T2vy2 >1x1022 y)

- test backgrounds of large L.Xe detector at ~2000 m.w.e. depth
- test LXe technology and enrichment on a large scale

- test TPC components, light readout (518 LAAPDSs), and radioactivity
of materials, xenon handling and purification, energy resolution



50 cm of ultra pure cryofluid, providing large
thermal bath for uniform temperature

(3M HFE-7000, hydrofluoroether C3F7OCH3)

Refrigeration and HFE

a fee - hermetic lead enclosure
| ‘ _ (25 cm, low activity Pb)

B

|
double, vacuum-insulated cryostat 1] Al g s
~ | (low-background copper) Xe and TPC
class 100 NN I | copper chamber

clean room
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Principal Backgrounds

® v (2449 keV) from 214Bi decay (from 238U and 222Rn decay chains)

o v (2615 keV) from 203T1 decay (from 232Th decay chain)

e ¥ (1.4 MeV) from YK (a concern for the 2v[3f3)

¢ 0Co: 1173 + 1333 keV simultaneous ¥’s (from $3Cu(co,n)Co)

e other ¥’s in 233U and 23Th chains

e other cosmogenic products of Cu (a concern for the 2v[3[3)

e in situ cosmogenic products in Xe, neutron capture de-excitations, ...
¢222Rn anywhere (Xe, HFE, air gaps inside lead shield)

very extensive material screening campaign:

Component K10° g/g Th 102 g/g U1012g/g 210po Bg/kg

3M Novec HFE-7000, 1- <1.08 <7.3 <6.2
methoxyheptafluoropropane

Lead shielding <7 <1 <1 17-20
Copper <55 <24 <2.9

Acrylic <2.3 <14 <24

TPC grid wires <90 47 +/- 2 320 +/- 2

[EXO collaboration; D. Leonard et al., Nucl. Instr. Meth. A 591 (2008) 490]
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EX0O-200 & EXO sensitivity

Assumptions

1. 200 kg of 136Xe, 80% enrichment

2. Low but finite radioactive background: 20 events/yr in +20 interval around Q=2.481 MeV
3. Negligible background from 2vpp (7;, > 1x102%2 yr, Bernabei et al.)

Mass [ton] |Efficiency [%] [Run time [yr] |o/E @ 2.5 Radioactive |T,,086 [yr, Neutrino majorana mass

background |90% CL] [eV]
[events]

EXO-200 0.2 70 2 1.6 40 6.4x10% 0.135 @ 0.109 @

(1) Simkovic et al. Phys. Rev. C79, 055501(2009) (use RQRPA and g, = 1.25)
(2) Menendez et al., Nucl. Phys. A818, 139(2009) (use UCOM results)

If Klapdor’s observations are correct, EXO-200, 2-yr runtime:
1. 46 events on top of 40 (QRPA) — 50 measurement
2. 170 events on top of 40 (NSM) — 11.76 measurement

Case Mass |Efficiency |Runtime |oz/E@ 2.5 |2vpf background |T,,0f8 [yr, 90% CL] |Neutrino majorana mass
[ton] |[%] [yr] MeV [%] [events] [meV]

Conservative 1.60) 0.5 (~1) 2.0x10%7 24 ()

Aggressive 10 70 10 1.0¢4) 0.7 (~1) 4.1x10%8 4.3 1) 5.3
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k158 Data

run extensions would have been prohibivitely expensive

800—
—~ 600 Runl{Runll |  Runlil WP st
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O 400 [ : % : T
; - Te. % I | T | :]' o l I
£ 200 . Colded Tt 3 A‘ l |4 124 45/0UT —e— -129+28
QE, - | "u A ol 1l : ﬂ “uﬁ A i‘i I ii u"" ] u gl I.llu il l
E ot Uk Ity nBUU UL ) { i O B B
%-200:— I | (}% E .° IIlE lI |7 % | —— -119%
< -400—o | E :
8 E e 45/IN ! ! 48/0UT ] -137 + 26
® PN fossout] . A, =-131214 ppb
L . - v 48/IN : : un I- -
ol 800 = o : : XZ/df — 78.5/74 Run I-11I - 131+ 14
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carcularty piate Data Set—s : 5 Mbller Ksymmetr; (ppb)
polarized R \/\/\/\L> Phys. Rev. Lett. 95 081601 (2005)
light
(-131 £ 14 + 10) x 109
g-2 spin precession o i
45 GeV: 14.0 revs Apy ==1x10" x E, %P, *x(1-4sin" )
48 GeV: 14.5 revs ~ 250 ppb
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Qrweak Jeftterson Lab

ecision Measurement of the Proton’s Weak Charge

Elastically Scattered Electron
Luminosity _ii_

Monitors
Region |, Il and Il detectors are for Q2
measurements at low beam current
Region Il
Drift Chambers

Toroidal Magnet

\
Region |l
Drift Chambers
Region | \ / Eight Fused Silica (quartz) Cerenkov
GEM Detectors Detectors - Integrating Mode

] Primary Collimator with 8 openings

o \ 35 cm Liquid Hydrogen Target
Polarized Electron Beam, 1.165 GeV, 150 YA, P ~ 85%

*Design and construction over past several years
*Successful installation and commissioning

Data ~ 2010 thru mid-2012 New, complementary constraints on lepton-
*25% of production data accumulated quark interactions at the TeV scale
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Deep Inelastic Scattering

With Qweak and APV, C4i’s measured, but Cz’s still unconstrained

Apy in Electron-Nucleon DIS: 3 QG = )|+

G.O’ 90
x Aw=ip a0+ 10 T e ]

i 3
"b(x)=—|2C, -C
02>> 1 GeV? ,W2>> 4 GeV? I (*) 10 (2C, 2d)_L_t(_x_) +d(x) '

.
.
L - —ee — o

For a ?H target, assuming charge symmetry, structure functions largely cancel in the ratio
Must measure Ap, sub-1% fractional accuracy! ——> Iluminosity > 10°%/cm?/s at JLab

- First experiment at 6 GeV: ran Oct-Dec ‘09; 3-4% accuracy @ Q% ~ 1-2 GeV?
* SOLID: New large acceptance solenoidal spectrometer approved for Hall A
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