Search for scalars via 3-v correlations with atom traps
+direct production

e MK 3-r Gorelov PRL ’05
a = 0.9981 = 0.0030 = 0.0037
General limits on 1st generation

scalar couplings et
Upgrade in progress Ll -
Q'%E
e Spin-polarized experiments: _ A _
Right-handed currents in 37K € 3 B E €
B,/BSM= 0.982 &+ 0.026 % 0.017 ’aQ
Melconian Phys. Lett. B ’07 E T
Upgrade in progress et

Tensor interactions in 8°Rb:
statistics for <0.01 A,ccoil
(observable 0 in lowest order)

e Planning 2-body decays: direct production of massive
0%, 1% particles in 3¢™Rb... isomer decay: 10~ sensitivity /day
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Electroweak Interactions: what we “know”

e E&M unified with Weak interactions
v <= Z°, WT W~

1) Only spin-1 “vector” exchange bosons
2) Only left-handed v’s: “parity maximally violated” “V-A”
3) Zo, W, ~v couplings related and universal

e What we can test with the trap techniques:
1) Are there spin-0 Scalar Bosons ?
I™" = 0"—0" B3t-v 0~0.5% is useful
‘Tensor’ interactions? (spin-0 leptoquark)

2) “V+A” producing right-handed v’s ?
Polarized observables with o =~ 0.1% needed.

3) Additional Z’s: Atomic parity violation

Time-Reversal violation: Electric Dipole Moments



Vector and Scalar bosons and the G- angular distribution

For 33mK, 0T —01 decay:

LLCP

AR R RS

|5

+
leptons have Ay —> B m=+1/2
opposite helicity < R m=—1/2

for W (vector)
:}{W m=+1/2
v m=+1/2

boson exchange
Wlls|=1 + b% + a 2 cos O, = a— +1
For scalar exchange, lepton helicities are same: a— -1



Vector and Scalar bosons and the G- angular distribution

For 33mK, 0T —01 decay:

LLCP

AR
[

38my H b*

+
leptons have Ay —> B m=+1/2
opposite helicity < R m=—1/2

for W (vector)
:}{f m=+1/2
v m=+1/2

boson exchange
Wlls, ]| =1 + b%” + a %ﬁcos 05, = a— +1
For scalar exchange, lepton helicities are same: a— -1
Corrections independent of nuclear structure to < 0.0002:
bremsstrahlung ~ 0.002 (in M.C., F. Gliick);
recoil order = 0.0003
Deviation = non-standard model scalar interaction



Scalar Hamiltonian in ‘modern’ chirality notation

Hgs = [(Cs + CL)e(1 — v5)v!H) + (Cs — CL)e(1 + ~s5)vPud

W0s,| =1+ bmg/(Eg) + a v/c cos|0gs,]

_ICvIP+ICy[* — |Cs|® — |C |2 4 (227)2Im(CsC5, + CyCy

|Cv|? + [Cy |2 + |Cs|? + | Csl?

—24/1 — a?Z? Re(CsCy, + C5CH, %)
[Cv[? + |Cy|? + |Cs|? + |Cgl?

ar1-—(|Cs|®+|C4l%)

b~ —RB(CS—I— C )



Sources of Scalars: Are there any?

Charged Higgs: Required in SUSY

elst generation couplings unknown

= most general limits on 1st generation couplings are from nuclear 3
decay

e Couplings in simplest MSSM:

like S.M. Higgs, couplings o« masses: (Not so in less simple Higgs models
(Langacker hep-ph/0503068))

( Herczeg, Prog. Part. Nucl. Phys. 46/2 413 (2001), Haber et al.
Nucl.Phys.B 161 493 (1979))

Cs+C% = 2g,2Pdtan’[8 < 5x10~°

2
mH

for tan3 <65 and my > 69 GeV, neglects squark family mixing

e R-parity violating sleptons

direct exchange constrained by m — ev, Cs 4+ Cg can be ~ —2x10~3
(Herczeg)

Profumo, Ramsey-Musolf PRD 07 Cs+C% can be 0.001 in SUSY in 1-loop

order: test ‘alignment’ approximation



Other B-v searches for scalars:
e 32Ar (3-delayed p emission Adelberger/Garcia U.W./ISOLDE

see below ...

e WITCH 3°Art Leuven/ISOLDE Severijns in progress
Penning ion trap + retardation spectrometer for recoil momentum

e 1“O™ Argonne Savard in progress
Transparent Paul ion trap: v-ray Doppler shift

e Superallowed 07 —01 ft Q-value dependence:
best limits on scalars coupling to left-handed v

Limits from other experiments:

e B. Campbell et al. NPB 709 419 (2005) limits from w—ev (see be-
low)



Mass scale: Need hadronic matrix element for scalar interaction

2 V
Propagator—+vertices: T < gg f/fz a
S J
Nucleon scalar form factor Gg,. G B
P S

lgs|= |{plud|n)| =7

Vector current is conserved (so gy = 1), but Scalar current is not
Related by isospin rotation to |{p|tu — dd|n)|, not directly related to ex-
perimentally measured quantity (unlike ga or gr)

gs~ 0.25 to 1.0 (Herczeg ProgParNucPhys 46/2 413 (2001));
‘but that’s a factor of 16 in counting time’
0.6 (quark model Adler et al. PRD 11 3309 (1975));
0.63(9) (Lattice gauge Liu et Woloshyn et al. PRD 59 (1999))

(Gsf‘fgw) > (.01)"7 /gs Mw=~ 200 GeV /c?

“You also need a nucleon-nucleus form factor, about 1.1 or 1.2’
‘gs runs with p. You win over high-energy by 1.2.°
So we left this out of our PRL



QB+ = 5.0215(6) MeV 0" 0.9239(6) sec

38111;K l3+

0 33775 _ <2x107°
>99.998 %
0 0 . 100% 3.5
38
GAT

Branches to excited states known to be negligible

Corrections independent of nuclear structure to < 0.0002:

bremsstrahlung ~ 0.002 (in M.C., F. Gliick),

recoil order =~ 0.0003
For scalar exchange, lepton helicities are same: a— -1
Deviation = non-standard model scalar interaction



Ql3+ = 5.0215(6) MeV 3" 764 min 0" 0.9239(6) sec

38 B+ 38n;K ﬁ*
2" 39366 0.2% oK 5.8 1
3 —T——=<3.8101
0t 33775 _<2x107° ]
2t 216760 _ 99.8% 5.0
>99.998 %
o v 4 0 100% 3.5
38
GAT

Branches to excited states known to be negligible

Corrections independent of nuclear structure to < 0.0002:
bremsstrahlung ~ 0.002 (in M.C., F. Gliick),
recoil order =~ 0.0003
For scalar exchange, lepton helicities are same: a— -1
Deviation = non-standard model scalar interaction
(Ground state makes a background in 3 singles:
determines our Ej cut)



7

— Zeeman Optical Trap (MOT)

J=0

€
at Raab et al. PRL 59 2631 (1987)

Damped harmonic

oscillator

Bquad weak: recoils unperturbed
Velocities negligible

Vector polarization ~ 0
(Tensor alignment maybe)

Turn MOT off to polarize
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TRIUMEF’s Neutral Atom Trap

e Isotope/Isomer selective

e Evade 1000x untrapped atom background by — 2nd MOT
e 75% transfer (must avoid backgrounds!); 10~2 capture

e 0.7 mm cloud for 3-ArT™ — v momentum — (-v correlatio:
e >97% polarized, known atomically

ISAC Ion ' beam fe——15 cm ——>

Funnel
beams

Electrostatic
hoops

BC408

~ Neutralizer

[5 detectoy

Trapping beams

Collection chamber Detection chamber
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In-situ calibrations

E;3 detector response for “monoenergetic” 3’s from kinematics
of other observables (3-recoil angle and recoil momentum)
N N | N N N N | N N N N | N N N N | N

2004 +  data { }

1— Monte Carlo {]] :

150 - GEANT | | ._

£ ] |
- T
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i T . I

504 backscatter/ |} L Summing [
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33 T= 258-275MeV. 1 of 16 bins —— MC F

E%hnI< O+:_+(r+
B-v correlation

Recoil TOF|T}],
C.L. of total fit 52%

N O N

(data—MC)/~/MC Counts

400 2500 600 /700
Recoil TOF [ns]

Gorelov PRL Apr 2005
2—=0.9981 4 0.0030(stat) £ 0.0037(syst)
Best general constraints on scalars coupling to 1st generation
Upgrade approved: Goal 3x better

a=a/(1+ bmg/(Eg))

(Adelberger 32Ar (3-delayed proton emission PRL 1999
a—=0.9989 4 0.0052 + 0.0039 under re-analysis)




Constraints on recoil shakeoff from W(8) data

E .. spectrum * (1 + c E ) o Sy T ve—— _
Demonstrated ORNL °He B~ £3- X"/ (N=3)= 0. i
2 ., |Aa = 0.0022
(Carlson PR 129 (1963)) P = 1 +

5201 0.036+0.027 E, /Emax

Estimated B* Scielzo PRA68 (2003) LBL §
- related to photoionization exps.
ignores ORNL term of opposite sign

TRIUMF: can constrain from DATA:
* Fit a and ¢ to ._.o_.l_”_mu”_ using Arth+a+s . . . .
c=.007 + .070, Aa= .0002 + .0020

¢ 005
: = N
* Fit a and c to reconstructed W[8] 7% 0.00 ML
c=.036 + .027, Aa= -.0022 + 00175  [H[ff _
TRIUMF shake data consistent LBL 30ao_|oom S — — nd recoil shake
Effects on a are much smaller in **"K _ _ - 8020005
-1.0 -0.5 0.0 0.5 1

cos(6 uev



f—v correlations and V A
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Constraints on scalars from ‘Fierz interference term’ (Ormand Brown
Holstein PRC 89)
( 25 + 35) < 107
97457 I e Independent of V,, and CKM

9740 } } i unitarity
9735 - } . e Scalar term o« m/Eg so low-Q

>
3
>
750 ] ! (1°C and *0) are most sensitive
— } ] e High-7Z needed to settle ‘base-
‘ Marciano 06 rad corr to Savard PRL 05 line’
9720 T T T | T T T
O 1 2 3 4 5 6 /7 8
Q. [MeV ]
br = —Re(Cs + C%), scalars that couple to left-handed v only

W0s.,] =1+ brmg/(Eg) + a v/c cos[03,] ax~1—|Cg|?*+|C%|?

e TRINAT’s present statistical error is 4x bigger
e Would improve systematics by using kinematic info for Eg at Eg<Q/2
e Goal: achieve similar accuracy within one 3-v experiment (‘ambitious’)
e Goal: a window left open by m—ev for sleptons at 2x10~3

|Herczeg Prog. Part. Nucl. Phys. 46/2 413 (2001)]
And reach SUSY contribution at 0.001 to test ‘alignment approximation’
[Profumo and Ramsey-Musolf PRD 07]



Constraints on scalars from ‘Fierz interference term’
b, = (=25 £ 3.5) x 1073 e Independent of V,3 and CKM
97457 I unitarity

9740+ } } e Scalar term < m/Eg so low-Q
97351 } i (19C and '*0) are most sensitive

>
D)
~ p I e High-Z needed to settle ‘base-
} line’
o Marciano 06 rad corr to Savard PRL 05 e neutron (3~ decay) would show
A N S S B S opposite sign scalar: if it came in,
Q. [MeV ] say, here, that would be cool

br = —Re(Cs + C%), scalars that couple to left-handed v only
W03, =1+ brmg/(Eg) + a v/c cos[0z,] a~1-—|Cs|?+ |Cg|?

e TRINAT’s present statistical error is 4x bigger
e Would improve systematics by using kinematic info for Eg at Eg<Q/2
e Goal: achieve similar accuracy within one 3-v experiment (‘ambitious’)
e Goal: a window left open by m—ev for sleptons at 2x10~3

|Herczeg Prog. Part. Nucl. Phys. 46/2 413 (2001)]
And reach SUSY contribution at 0.001 to test ‘alignment approximation’
[Profumo and Ramsey-Musolf PRD 07]
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e 0T to 0™ F't tightly constrains scalars coupling to vy,
e (3-v constraints lose on vy but are more general
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Re[ g  a,® = (C,+C.)/2]
(mr — ev)/(m — pv):
e Scalar interaction produces effective pseudoscalar interaction
after EW loop corrections
e Above limits assume:
universal couplings and ‘A = 200GeV’
e Limits relax to ~ 0T—07 if consider more general couplings
(and use p capture to help constrain)



allow imaginary couplings

N 90%
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An example of how constraints from m — er are more model-
dependent



allow imaginary couplings
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Ito and Prezeau PRL 05: Order-of-magnitude naturalness cal-
culation:

Scalars (or tensors) coupling to vg contribute to the SM v,
mass

Opportunity?: We should constrain its size to help understand v mass?
| used m,< 3eV for “Ito”’, not 0.23 eV WMAP



Constraints on imaginary couplings:
If you know the relative phase, m—ev constraints are tight

434 B.A. Campbell, D.W. Maybury / Nuclear Physics B 709 (2005) 419-439
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Fig. 12. Constraint piots on the imaginary parts of C; and (:; at A =200 GeV. Panel (a) corresponds to a phase
of £90°; panel (b) to £:45°; and panel (c) to 45° and —45° for C, and C; respectively. The solid ellipse is the
approximate experimental bound on the imaginary part of the wupiings assuming nothing about the phase [3].
In panel (a), the unshaded interior ellipse is the constraint from pion decay. In the remaining plots, the allowed

region is the band between the two ellipses. An enlargement of the figures is displayed in Fig. 13.



38mK 3+_y Error Budget a=0.998140.0030(stat)

Error

E field /trap width :
FE field nonuniformity
BT backscattering bkgd

Eg;+ Detector Response:
Lineshape tail /total

511 keV Compton sum
Calibration, nonlinearity

MCP Eff[E, ]
MCP Eff]0]/XY position
e~ shakeoff [E ccoill

PRL
0.17%

0.14%
None

0.06%
0.09%
0.17%

0.07%
0.08%
0.18%

Sum systematics
Total error

e Most systematic errors determined by statistics-limited data evaluation.

0.37%
0.48%

Future

0.04%
0.03%
None

0.03%
0.04%
0.08%

0.03%
0.04%
0.08%

0.14%
0.19%

Planned Improvements:
e Larger MCP
e Ej3 calibration from
interwoven background-
free 3"K
e 1/4/5 statistical error
(conservative)
larger ISAC yields
more laser power
e Permanent mask on
MCP for position info
test

e Further improvements possible: use all kinematic information.



TRIUMF has a new version of 1 — ev... so does PSI

2 PLE NU

Precision goal: <0.05%

e s Elevation view (schematic)

Beum

WC1(2,3) Wire chambers Ring 40 Ring

: Tarest 'bl"l WC2 M
B1(2) Beam counter i Blg_-z-x_, /T2

o R — ¥ '; lﬁrc:}
B3(4), Veto Target counters I Z <13

T1(2,3) Telescope countlers :
Silicon slrip
TINA Nal B3
B4 (target)
(dTUT=5% @ 66 MeV) || Veto
Silicon strip

Ring Csl crystals

Solid angle: 25% (29%)  Trigger rate: ~ 1kHz
nt* rate: ~ 70kHz aookez  Statistics: ~5x10° m—ev (x 30 E248)
Tina rate: ~ 40kHz zokmy)



‘Method III’: New: Geometry with e~ detector

|
I
i

.. For 3%mK (B-v upgrade:
i e High-statistics
A | e free of 3 bias

e expect collection for all
1L e—’s < 100 eV

=1 o — ¥ | = ﬁ.’i;ﬁ\
T = =

Other experiments are also made possible, e.g.
S0RDb tensor search by recoil singles




dN/dp

1 b=0

ratio to a

164/

1.4 1

1.2

1.0 1

a=.995 b=.005

\‘ l ﬂhﬂhl%{h}fmia B gE g B EEERALy 6o tomosIats

1 2 3

P
recoil

4
[MeV]

SIMULATION

Recoil momentum spectrum
Sensitive to a (a, b highly corre-
lated)

Can extract momentum dependence
of shakeoff separately

From 106 events o, = 0.001

(3 hours)

Superallowed Q-dependence

of b error 0.003: 1 shift

0.001 (sleptons) in 10 shifts

e In reality will run under
many conditions like other
precision experiments



A possible trap systematic: LBL measures p dependence

Molecular dimers form, perturb the recoil momentum direction
LBL has much better data since the publication (P. Vetter, private comm.)

0.60 - Standard Model
L " - ,
$0.50- | % # """"" T é --------------
. 0.45- |
| o ZNe!
| 0.40 - 0 2Ne?
T T . c : n » Scielzo PRL 2004
0 1 2 3 4 5 6

Number of atoms in trap (x105 )

We ran 2*™K at 1/500 p, and it has 1/20 shorter tq /o
= 10~% of LBL's 5% effect

In principle we should measure a|pl; if necessary study it
by photoion TOF and/or use a dark MOT to suppress it.



Upgrade: larger MCP with longer flight path (and larger field) to
e Collect all recoils (lessens systematic error)
e Fully separate charge states at all E3 to

Separate a, b

Deduce E3 from other observables

Measure and account for recoil momentum-dependent shakeoff

| T T S S S S
10 D= 1lecm, S= 22cm, U= 1000V/cm F

6

10° 4
10° 4
10° 1
10°
10 4
04
10° 4 D= Tem, S— 25¢m. U= 1100V /ern b
10°
10° 4
10°
10° 4
10" 4
10°
10° 4 D= Trom, 8= 25em, U= 1200V /em b
1oj 3 L
103 3 A+ Ar+? Ar* 1
10 E 3
10° 4
10" 4
10°

L B L R L L L L L L L R L A I | L R

600 800 1000 1200 1400

Recoil TOF, ns



€
il
38m _ 3 .

. Summary of K 5 v correlation: Q ¢
Pioneered trap techniques: | '<{/
BT—recoil coinc.iden.ce = momentum 6_3 é_p_,ﬁ+ g €
= (3-v correlation in **™MK N v
a—0.9981=0.0030=0.0037 A D
Gorelov PRL 2005 € LT

€+

The limits on scalar interactions are model-independent
(TRV, chirality) and
free of nuclear structure-dependent corrections to ~0.0002
e Upgrade in progress to
Improve accuracy by factors of 3 to 5

Separate a,b

Compete with 0T—07" on Fierz term



In Progress: Spin asymmetries in 37K: a ‘heavy neutron’
3K decays to its isobaric mirror 3"Ar =

~ 0.002 corrections are given by CVC
Search for SU(2),xU(1) — SU(2).xSU(2)gxU(1)
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K2 XX
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R AR

0.000 0.025 0.05C

Left—right mixing angle, ¢

v asymmetry:
Px Bv I. ﬁv
Py,= 0.97 £+ 0.01 =

B, = —0.755+0.020+0.013

(BSM= —0.769)

D. Melconian et al.
Phys Lett B, in press
D is also possible
2nd-class current search



80Rb decay: Search for Tensor Interactions

Spin asymmetry of recoils Arec0i1Q>_>)m 5/8 Ag+B, (Treiman PR 1958)

e For pure Gamow-Teller 3°Rb, A, .coi= 0

e non-SM results m—re~v Bolotov 1992, PiBETA PRL 2004:
resolved by further PIBETA: E. Frlez hep-ex/0606023
Would need accuracy ~0.002 to contribute

e or 0.01 constrains CrC/., complements °He 3 — v

We have statistical error ~ 0.007:

Need nuclear structure calculation of ~ 0.02 correction

, 34s
1
D1
TN ‘l’ B 80Rb
| ‘ B
{ Relatively clean
. [ - :‘:’A’GE Gamow-Teller decay
Kr -
ion I 12
MCP ) eCP n 0(+) 1.9% 5.9
L] B o+ 2% 50
o 616.6 21.6% 5.2
MOT
7 Beams 0* 74.4% 4.9
80 Q=4.698



SORb Data: TOF contributions:

] ] ] ] ]
— fit

8Rb B* decay
—— EC decay (1.4%)-

Counts

- o Kr™l, Kr™?2
- clean

' I ’ | | | =
0.4 0.6 0.8 1.0 1.2 1.4
80Kr—electron TOF [us]

® recoil-shakeoff electron
like Scielzo LBL NPA’04

80%
HP GE

I N




asym asym asym

asym

S80RDb Singles Recoil Asymmetry: statistics for =~ 0.007

AsysP= X £ 0022 D .+1
0.1 x%/N= 09 r
0.01 F*—LH—I—!—M"\"’*IL‘TH_FI
—0.11
AsysP— X £ 0.074 ’+2
0.1 x%/N= 09 Kr
0.0’ -t P S S
—0.1-
AsysP= X £ 0.011 ’+3
0.1 x%/N =11 Kr
0.0’ }ﬁ;;""” | B "1,!!%
—0.17
AsysP= X £ 0017 Kr+i(+EC)
0.1 xN= 28 I
0.0+ M
—0.1- *
}' ¥ A L T
-1%5 -10 -5 0] 5 10 15

mcp position [mm]
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Tensor Limits (10)
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Search for massive particles in two-body decay
Basic idea:

6 cm

778 nm

SIMULATION Isomer E7=556keV photo-
ionizing
_ 105- branch = L
6 1.0m 10t] 37E-05 = i ' | “ |“ 7
*2 5] 6.3E-08 7
556 keV 2 107 i +
O 10%m = fﬁt Rb X .
11 50 kev — — X
10"} 3}] E= 0 V/em E= 3 Ve \
1o° ! 1]
2- 554 556 558
86 p [keV]

Ao o= /B2 — w2 A

e Limits on anything massive emitted from nuclear transition,
independent of interaction in detector or lifetime

e Statistical sensitivity ~ 10~° branch per day of counting

e Could measure spin if see a signal (polarized angular distribution)

What particles can we look for? —



e Plan direct search for 20 to 800 keV-mass 07, 0—, 1T ... particles
e Pairs of scalars with 511 keV < m < 3 MeV
could — e e~ to make the 511’s at
galaxy center (Beacom PRL 97 2006)
e Scenario needs extra spin-1 ‘U’ boson: 10~ ° sen-

Knodlseder A& A ‘o5 Sitivity competitive with particle decays (Fayet 06)
6 1.0 SIMULATION Isomer E7=556keV
T —— Um

105-: branch = -

556 keV 10t 376705 =
,] 6.3E-06 ;
1071

0% m =

11 50 keV 5

- — 1075

1° - - L

86 552 554 556 55
Rb p [keV]

counts




Isomer decay: ‘Are heavy 0~ searches still useful?’

e The original Peccei-Quinn axion solved the ‘strong CP problem’ with
M,xion ~ 100’s keV. Couplings large enough to do so were ruled out long

ago
(so people use pwave cavities now)

e There exist more exotic models that solve strong CP problem with ar-
bitrarily small couplings. (e.g. ‘mirror universe’ Berezhiana PLB 500 286

(2001))

Other possible global U(1) symmetries for other problems produce axions

with smaller couplings (Hall4+Watari PRD 04, size of p in SUSY).

e So improving direct limits is still useful

SIMULATION ®™Rb E7=248keV

There are M1 transitions in Cs iso- 1055
. . : + effect of IC
topes that are highly internally con- ]
verted. 42 3f
IC removes 99% of hard-to-resolve 3 10
O

massless v-ray and turns it to > 1T
ions that we can separate completely
by TOF. 1005

250



~~ emission for the single transitions:
A ‘background’ that may be more interesting than the signal

E1E1 and M1M1 Observed in 4°Ca and 2°Zr 0t to 0t (MPI Heidelberg
PRL 53 (1984) 1897)

Smooth 3-body spectrum: does not mimic axions

e Intrinsically interesting as accessing virtual states

Formally similar to 83 decay (but different operator, states)

(130Cs 27 — 171 is intermediate state of geochemical 13°Ba is geochemi-
cally measured vv3T (3T decay (also 134136Cs for 134:136Xe Ov3— 3~ decay)

Test of QRPA ?
SIMULATION 2y decay ®™Rb

10° pRSER
— . Oa l‘a
e 27 branch ¢ with IC f};@f@“ﬁ'@ .
5— o5 163.25 ;
. o VN o o S 3.46 min
. 0.001 2y - ‘b"a\/?’é‘i’i ~ [148.35
I 10 P ~o— —— 131.54
. if
5 10 2+ © 80.37
O 2
O 10 m =
1 0.0
10 12 keV =

10° /_\ 1900s1s
107"

30 60 90
o [keV]




t1/2 # M E, I1C m Sens

~ E keV « keV /day

x10~°

20.3m B%4™Rb 2 M3 216 1.1 100-160 2.0
4.3m WmpL 1 M3 107 11 20-85 2.1 97% B~
2.9m 138m(Ccg 1 M3 80 218 15-60 2.8 20% B~
3.59m 130mCcg 2 M1l 83 1.7 60-80 0.5 safe

2 M3 15 2¢6 10-13 0.2 safe
2.9h 134m(Ccg 2 M1 11 91 6-8 0.6
o3m 13d6m(Ccg 2 M4 846 .003 400-800 0.6

2 E2 787 .003 400-750 0.6
1.0m 86mRpp 1 E3 956 .04 40-400 0.05

>511 510

31m slmRpp 1 E3 86 17 20-80 0.2 safe
19s 1sémcg 1 E3? ? ? ? 1 short tq /o

Minowa final sensitivity was 1.2x1076 for 26 keV < m, < 166 keV



Harder: 20 KeV-mass sterile v’s |Ve) = c0sO |vmao) + sinf |vy)

e dark matter candidate... Dodelson PRL 1994
e m, ~10 keV, sin®20 ~ 10~% Abazajian PRD 2006 Need ~0 background

e 10~ ° admixture possible at 40 keV: Useful for T, eheat=~5 MeV
Electron Capture Decay: 3!'Cs + e~ — v4+131Xe

Tougher than isomer decay: To make this truly ‘two-body’,

Must measure momenta of all shakeoff e~ ’s to 5% and K X-ray direction

but Hidaka Fuller Oct06 5 keV helps SN
s0fter Gelmini PRL 93 81302 (2004)

10

Xe
E=0V/cm E=

E=0V/icm E Y
&

~—— B=20G

K X-ray
detector(s)




Search for scalar interactions via 3-v correlations with atom

traps

e 33MK 3-v Gorelov PRL ’05
a = 0.9981 + 0.0030 =+ 0.0037 B correlations and V A
General limits on 1st generation '
scalar couplings >
Goal: Improve 5X o 00

~0.5- e
e Spin-polarized experimeni_:’s: B Y S VR R Y.
Right-handed currents in 37K - —
B,/B>M=0.982 + 0.026 + 0.017 o 005y, -
Melconian Phys. Lett. B 07 I 0.00—=—1 i ,
Goal: improve 10X 03_0,05- 65 /8 i |90
Tensor interactions in 8°Rb: e O:;SA:..O
statistics for <0.01 A,.coi 1/(1+ (GT/F)?)

(observable 0 in lowest order)

e Planning 2-body decays: direct production of massive
0%, 1* particles in 3¢™Rb... isomer decay: 10~ sensitivity /day



