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But..... We still don’t know Matter Anti-Matter Asymmetry,
Dark Matter, Dark Energy, Black Holes, Gravity, ....
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T Looking for New Physics

High Energy Vs.

€MS Expériment at the LHE, CERN /
) | : 1 1Y
“ 10:22: (11:22:07 CES) 1
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e . .
I Looking for New Physics
Freeman Dyson on 16 discoveries W; i __ BT (.
awarded the Nobel Prize between = <-‘” RLETD "
1945 and 2008: R | <oy
The results of my survey are e uBs ik
then as follows: four discoveries — e | e e
. (A Forro sy
on the energy frontier, four on /}\ | C “
the rarity frontier, eight on the : ,"F'. “‘"”f-»w ll “

accuracy frontier. Only a quarter
of the discoveries were made on
the energy frontier, while half
of them were made on the
accuracy frontier. For making
important discoveries, high
accuracy was more useful than
high energy.
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BSM Physics Searches @ Low Energy
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5. Look for (small)

- -
-~ —————
\_’“/

o rgenem( d'evmtw:s. :

new physics (by i PRV e
introc[ucing MW= R 7R
ojoemtors). ‘

Other




BSM Physics Searches @ Low Energy

1 Start with a 3. Look at the .Zj(ect .
i process we énowe,e of the nev;f ysics: [

very (very) well- Gy syell defined

=> 8Li B-Decay observables.

N\ /4 4. Measured with
. c 2 ﬁigﬁ Jorecision.

—— 5. Look for (small) .

S g 3 < 5 K g C

deviations. i

2. Consider genem(
new yﬁysics (By . ell
introducing news=2Q.~
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BSM Physics Searches @ Low Energy

1. Start with a 3. Look at the effect . B
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Why B decay? Historically B decay
measurements resulted in many discoveries
of new physics that were instrumental in

the development of the standard model as
we know it.
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B Decay History

1911 — 1927: B energy spectrum —n
measurement in nuclear B decay. S ——
— Expectation: Discrete spectrum (= Q- &, ==
Value) o

N2 —=> (N—-1,Z2+1)+e,

— Observation: Continues spectrum with a where. = rumber o neutons,an
clear endpoint (= Q-Value)

1930: Pauli’s proposal: Existence of a light & X |

neutral ‘neutron’ like particle emittedin  °

the B decay process ™ e

1931: Fermi changes Pauli’s ‘neutron’ to s

‘neutrino’ and formulate a ‘contact e 2

interaction” model for beta decay. ® - 1 ===
— QED analogy; assuming vector interactions focton ounaue

(N2 — (N=1,Z+ 1)+ e +V .




i B Decay History
1911 - 1927: B energy spectrum Neuton Bea Decay
measurement in nuclear B decay. —— { .
— Expectation: Discrete spectrum (= Q- .
Value) n=>p+€ +V
— Observation: Continues spectrum with a
clear endpoint (= Q-Value) Electron Capture
1930: Pauli’s proposal: Existence of a light ,mﬁa,><ﬁna,
neutral ‘neutron’ like particle emittedin ™ e
p n
the B decay process Tp >
1931: Fermi changes Pauli’s ‘neutron’ to | Inverse Beta Decay
‘neutrino’ and formulate a ‘contact - . -
interaction” model for beta decay.

n

— QED analogy; assuming vector interactions °  vipsnee




Observing the Neutrino

R A -

_1—956: Cowan-Reines observe reactor anti-neutrinoé.

— Use nuclear reactors as a high-flux anti-neutrino source.
— Water target for inverse beta decay: v,+ p—>n+e’
— Add 108Cd to capture the neutron (t = 5 psec).

— Use liquid scintillator to measure gammas from positron

annihilation and 19°™Cd decay. Initial concept:

(s nuclearbomb

Reactor Detector L / \ mea @S a Neutrino
- ’ source
""" Buried signal line
m for triggering release

Water ST —

Target

g | N
Back fill — Vacuum
- pump
) Scintillator Suspended A
Detectors detector Mol

Vacuum —
tank

Feathers and
foam rubber

e



T P Violation and V-A nature

A -

1957: Wu et al. observes parity violation in ®°Co decay.
Goldhaber measures the neutrino helicity.
=> Neutrinos are left handed. Weak Interaction is V-A

\I!

Nal-Photomultiplier




Searching Under the Lamppost ...

Measuring Everything we can:

* Energy Spectra
* Angular Correlations

e Half-Lives
 Polarizations




... Constraining New Physics

Comparing to Theory and Probing:
* Non V-A Contribution (S, T, F
* Right-handed Currents (V+4).

-J|

* Massive Neutrinos.
* CKM Unitary.

—

—

: |
+ Many open questions in ‘standard’ | ut lear
physics 1 :




... Constraining New Physics

Comparing to Theory and Probing:

1

e Right-handed Currents (V
e Massive Neutrinos.
* CKM Unitary.
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==  Standard Model Formalism

e A -

. General Hamiltonian:
Hiy,: = Z (ITJPOXII}n)(CXJ)eOXII)v + C,XITJeOXYSII}v)

X={V,AT,S,P)



== Standard Model Formalism

A A -

. General Hamiltonian:
Hint - 2 (JJPOXII}n)(CXJ)eOXII)v + C’XITJeOXysll}v)

X={V,AT,S,P)

e Standard Model V-A assumption:
CV — _C’V — l;CA — _C,A = —1.27

19



==  Standard Model Formalism

A A -

* General Hamiltonian:
Hint - 2 (JJPOXII}n)(CXJ)eOXII)v + C’XITJeOXysll}v)
X={V,AT,S P}
e Standard Model V-A assumption:
Cy=—-Cy=1;C,=—-Cy=-1.27
* Decay Rate:
rdE.dQ.dQ,

P,-P, bme+(i).< P, P PxP,,)

« |1+« — Ag—=+B,—+D—
[ PV E E, E, I \"PE, "VE, E.E,

20




i Standard Model Formalism

A

. General Hamiltonian:
Hint - 2 (JJPOXII}n)(CXJ)eOXII)v + C,XITJeOXysll}v)

X={V,AT,S P}

e Standard Model V-A assumption:
Cy=—-Cy=1:C4=—-Cy=-1.27

* Decay Rate:
rdE.dQ.d,

P,-P, m, (I P, P, P,xP,

<1+ a +bh—+ L 4,-+B, -2+ D

[ A" F E, E, 1 FE,  "VE, E.E,
Mg |2 (ICy|® + ICy 1% = |Cs|* = |C'g|?) ]

ag, =| 1 &1
pv ’ /
—§|1VIGT|2(|CA|2 +C'41% = ICr|* = |C'7]*)
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Standard Model Formalism

e General Hamiltonian:

Hint - 2 (JJPOXII}n)(CXJ)eOlev + C’XITJeOXysll}v)

R Ar———.

X={V,AT,S,P)

e Standard Model V-A assumption:

CV:

_C’V — l;CA — _C,A = —1.27

* Decay Rate:

rdE,dQ,dQ,

P,-P, m, (I P P,  P.xP
oc[1+aﬁv -~ +b e+<>-<A,; “+B,—+D— ")

aﬁv =

/ IME 1% (ICyl% + |C'y |2 = |Cs|> — | C's]*)

—

E,E, E, I E, YE,

1
—§|1VIGT|2(|CA|2 +C'41% = ICr|* = |C'7]*)

L : My \*
* Sensitivity to new physms:( ) ~Acc

MNew

E.E,

6—1
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Standard Model:

Yo Hs=  (§uruto)CvPer Py + Chper vsihn)
o / o ~ (Y ¥5%p) (Ca%er* V5% + Caper )
> > Cy=Cj =1
Ve Ca=ClL=126

(Some) New Physics:

Ve Ve
\
et d
W+, X(1/3)/Y(1/3)
/ /\’\
u u et
Right Handed Bosons Scalar / Tensor Leptoquarks

(CzC’) (Cs20)



A-V vs. Tensor Currents

Kinematical distributions 1200?(3) %Jr';(saor %2/ ndf 164.3/166
e - Prob 0.5223
sensitive to type of current o C/C,F 00039 +0.0042
(from a recent measurement 3
. 400
of 8Li decay): 200
* Energy distribution of Z E""-.‘;,"""',a-.-;a-""-'if"?s"""' st 1,:,&;.{
recoilingion (fromtwo alpha = “——=w—=—— =
500 — o Energy Difference (keV)
measurement). e FTndl 1765715
(b) Prob 0.1571

* Angle between neutrinoand . 2

electron.

Resulting Constrain:

IC/C,F 0.0058+0.0067

Counts

:2‘ ‘ &-' ‘0 - e A »
C/Ca<10% (95% C.L)  F ifwigioneisdiunins
_4_1 0.5 0 0.5 COS(BH\)
Sternberg et al., PRL 115, 182501 (2015) Mir



A-V vs. Tensor Currents

Combined Constraint:

0.10 f

0.05

0.00 }

C/C,

-0.05

32
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(0" =0") Fierz

-0.10

-0.05

0.00
CJ/Cy

N
™
'

L} | ' l l 1 l 1

Re[ g, a,° = (C;—C4)/2]

____ﬁ_lllllll.'

neutron 1978

110 -

1.05 —

1.00 —

0.95 —

iy, g (Std. Model)

0.05 0.10 020

0.054 mev

Campbell+ /MY

0.00

1

v Scielzo 2004
@ Vetter 2007
s Molecular scattering dependence

0.85 —

I I I I I
100 200 300 400  500x10°
Trap population
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The [3 Decay Challenge

One sentence summery: measuring heavy partlcles
with low energy in very very hard!

* (anti)Neutrino reconstructed from the measured
momenta of the recoil system and beta particle.

* Recoil system s heavy and has low energy.

e Angular reconstruction requires well defined
vertex

=> Must use traps!

+ Nuclear Uncertainties

Mir 2%



i Standard 5 Decay Expenment

Produce Radioactive Atoms
(Produce, Transport, Neutralize)

v

Trap
(MOT, Dipole, lon, Electrostatic, ...

_

Walit...

Measure Decay Products
(B, ion; Scintillators, MCP, ...)

-
Analyze the Data and Compare to (&
SM Prediction

Mir 27



mm  Standard 3 Decay Experiment

Produce Radioactive Atoms Why Trap?
(Produce, Transport, Neutralize) |+« (old and Dilute:
@ = No ‘smearing’ of
Trap the ion

(MOT, Dipole, lon, Electrostatic, ...) = |ess interactions

u «  Well localized vertex
Wait.._ * |sotope selectivity (low
backgrounds) e~

Measure Decay Products

(B, ion ; Scintillators, MCP, ...)

Analyze the Data and Compare to (®
SM Prediction

Mir 28



i Standard B Decay Experiment

Produce Radioactive Atoms Why Trap?

(Produce, Transport, Neutralize) |+« (old and Dilute:
=

Downside of Trapping:

* Complicated experimental setup.
* Limited number of Isotopes.
* Low Statistics.

gy

& *9;?'\» | S
Analyze the Data and Compare to (& 4-\‘ Q//(roe

SM Prediction n - =ole
hir 29




mm  Standard 3 Decay Experiment

Produce Radioactive Atoms Why Trap?
(Produce, Transport, Neutralize) |+« (old and Dilute:
@ = No ‘smearing’ of
Trap the ion.
(MOT, Dipole, lon, Electrostatic, ...) = |essinteractions.

@ «  Well localized vertex.

Wait.._ * |sotope selectivity (low

backgrounds). e~
Measure Decay Products

(B, ion ; Scintillators, MCP, ...)

Analyze the Data and Compare to (®
SM Prediction
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I The OLIVIA Experiment

OLIVIA

the Ballerina

. A

‘ ;’..\ ‘

5

e

———————



I The OLIVIA Experiment

-

Optical Lithium V-minus-A Experiment

O-RING SEALED
ACCELERATOR TOP PLATE OF CHAMBER

HEAD

y DISTRIBUTION PLATE

STAINLESS STEEL
TARGET CHAMBER
WALLS
TARGET PLATES OUTPUT
LINE
EXIT HOLES
D-T TARGET
b4 -
| [ oNeur
LINE
TARGET COLLAR u?

s -
O-RING SEALED
BOTTOM PLATE
E=
150v/cm T

round Mesh "assEREsEs

. ) -\Re‘adot
T

Anode




i Tfle Case for SLi

’Li » e" +U,+ °B(~ a+ a)

* Good for theory:
— Almost pure GT.

— Light nucleus — ‘exact’ calculations possible.

* Excellent for experiment:

— Easy to produce using proton / neutron induced
reactions.

— 0.8 sec lifetime.
— Very high Q-value.
— Two ~3.5 MeV alphas in the final state.

33



i Th_ecCase for SLi

00
Tensor Vs. V-A
00
1000 0o
_ 00
1000
- 00
1000 00
1000|— -
- — |
000 :_ ‘_\_\_\_\_\\\\\\
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(I OLIVIA Experiment

Goal: High-Statistics High-Precision Measurement of
8Li beta decay using a TPC instead of a trap

* Reminder: °Li —» e~ + 1, + °Be(— a + a)

* Steps:

— Build a TPC with sensitivity to 1 —5 MeV Alphas and 1
— 16 MeV electrons.
— Setup a SLi production scheme.

— Build a 8Li Transport system to the TPC.
— Perform the measurement ©

Mir 35



MITPC

5% “He/Ne +
5% CF, @ 600 Torr
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MITPC

5% “He/Ne +
5% CF, @ 600 Torr
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Little MITPC

2.8L

0.2 — 10 MeV nuclear recoil
4 months ofdata at Double

Choozfar hall
Now at MIT for OLIVIA

Big MITPC
e 60L
¢ 0.3—-20 MeV nuclear recoil
e 7monthsof data at Double Chooz near hall
e Now takingdata at FNAL

———
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Run 1039, Event 662

1000

Pixels

800

CCD readout

) 600
Pixels

Event Readout for Alpha Track

Raw E: 7321.53 keV
Range: 289.88 pix
1o width: 7.07 pix

800 1000

250

200

150

100

-50

# #+ R EBRT &I

_I Illllll"]llll“lll"l"lll"]llll"l LI

Aun 1038, Event 652 Ancde Waveform

o

TR T T T T R T T TR T TP TR R T T TP TR}

oo Raw.E- {amplitude): 5304.08 keV-..........

223

[

12020 12000 4200 16000 33X

d

Aun 1039, Event 662 Mesh Wavedorm

: : : : ~ Rise time: 572.41 samp :
; i i P i i i %

Qe

L= X0 %30 18000 )

¥

Waveform readouts: anode (top); mesh
(bottom)
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Two Alpha Event

220RI1—> 216})0_> 212Pb

1000 250

Pixels

200

150

500 100

50

> i
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% 500 1000 20

1024 pixels =35.3 cm Pixels




T Energy Reconstruction

~ -

100

SRIM Simulation [

80

Energy loss of alpha particles in “He/CF,

Energy Reconstruction from
3D track length

70

dE/dx (keV/mm)

60

50

40

. : 30

20

-------------
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I Energy Reconstruction

1 I I I | I 1 I 1 I 1 I 1 I I I | | |

*2Rn~5,5MeV

T —
—

41l 5°Po~6.0MeV
....................... 210po,_,5 3MeV .. *

o
o

lllllllll]llllllllllllllll

Noyg /25 keV)

l ~2.5% resolutlon
({1 at5MeV |

[l 29Po~7.7Mev

............................................................................................................................

100

lllllllllllllllllllllll

4 218P0~8 8MeV‘

ary EIength [MeV]




Sensitivity to 8Li decay Alphas

‘Typical’ simulated events @ 200 Torr

[\ DmtpcSkimViewer: /net/hisrvO001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root

Cam: 0 ()
NTracks: N/A, NTriggers: 0
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i~ Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

00 [\ DmtpcSkimViewer: /net/hisrvO001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root

Cam: 0 ()
NTracks: N/A, NTriggers: 0




i~ Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

[\ DmtpcSkimViewer: /net/hisrv0O001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root

Cam: 0 ()
NTracks: N/A, NTriggers: 0




i~ Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

[ NON ] X! DmtpcSkimViewer: /net/hisrv0001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root

Cam: 0 ()
NTracks: N/A, NTriggers: 0




mmi  Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

X/ DmtpcSkimViewer: /net/hisrvO001/home/spitzj/efrain/DCTPC_soft/MaxCam/Simulations/v1/skim/dmtpc_mc_00001skim.root

Cam: 0 ()

NTracks: 1, NTriggers: NULL
Image Mean: 999.6

Image RMS: 10.51

Pixels Killed: 1331268

Spark: 0

Run, evt, trk, 1, 0,0
E: 7.829e+04
Range: 293.4

Pos: 501.7,517

Phi: -0.2071
Skewness: 0.007493
Edge: 0

Cluster RMS: 9243
Cluster Mean: 119.3
Neighbors: 8
NPixel: 656
MaxPixel: 340.3
NBurnin: 18
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mm  Sensitivity to SLi decay Alphas
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‘Typical’ simulated events @ 200 Torr

Eile View Operations Palettes

Ongoing Simulation Development:

 Simulate waveforms.
* Optimize clustering algorithm for
alpha pairs.

400 600 800 1000
:I ;>l Event: EIEI Cam: ITil mInZ: -50 maxZ: 250 Showlraces




T Electron Detection

Adding scintillators to
the side of the field cage:

Scintillator
bars

~

-
S S




3Li Production

8Li Production using a DT generator: 'B(n,a)3Li

O-RING SEALED
TOP PLATE OF CHAMBER

——_ INPUT
\, LINE

|

ACCELERATOR

HEAD
y DISTRIBUTION PLATE

+ Transport 8Li to
A1 s, the TPC using a gas

WALLS

TARGET PLATES ouTPUT

e flow system
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D-T TARGET

—

By

- - v L S
TARGET COLLAR

O-RING SEALED
BOTTOM PLATE

Based on the SNO 8Li calibration system
arXiv: 0202024 (2002) it .




3Li Production

8Li Production using a DT generator: 'B(n,a)3Li

He Gas
L = > =%
H | I + Transport 8Li to
e NaCl- >Aerosol .
Transfer il the TPCusing a gas
to Deck , .~ Fast neutron source, B target
(40m) ""B+n - > 8Li+a ﬂ oW SySte m
| Umbilical Retrieval Exhaust Line
[\ q ___ Mechanism
Umbilical i Cover Gas System E@ zm
(26m total) 000000000000000
< Acrylic Vessel
" Decay Chamber
Based on the SNO 8Li calibration system T T N

arXiv: 0202024 (2002) i 52



3Li Production

8Li Production using a DT generator: 'B(n,a)3Li

. . _ HeGas + Transport 8Li to
<smmm X
H * Oven the TPC using a gas
Transfer i NaCl- >Aerosol ﬂ
rans
to Deck LUK“;\ Fast neutron source, B target oW SySte m
(40m) "B+n - > 8Li+a . .
: . Expected Statistics:
| Umbilical Retrieval -
l"caecﬁa'rﬁ;/; Exhaust Line 3 6x107
B11 (n,o)
Umbilical i ! Cover Gas System ;_w 33 mb
(6mtotal) | . | Ul
< Acrylic Vessel
Decay Chamber
Based on the SNO 8Li calibration system e w, |

arXiv: 0202024 (2002) i 53
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Resolution Effects

Nominal resolutions:
2% - Energy,
1° —In-Plane angle,
2° — out-of-plane angle.

For “back to back” alphas:

Energy resolutionis the main
issue. Can be improved using:
* |ower gas pressure

* larger volume TPC

* Better camera
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Status and Outlook

MITPC is a great, proven, 3D alpha detector!
Based on the reported SNO rates we can
measure 10’ decays in 2 - 3 months of data
taking.

Finalizing simulations to optimize the
resolutions and extract the expected C,/C,
sensitivity.

Initial DT feasibility runs planed for the
summer.

Physics running planed for 2017 (2018).
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