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Jefferson-Lab National Accelerator Facility

* Virginia, USA

e Electron beam
[12 GeV; ~80 uA;
high polarization]

* 4 experimental halls

* Approved program for
coming ~decade

* Leading to EIC




Short-Range Correlations (SRC)
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. Mapping the nuclear spectral function
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Probing the NN Interaction

Spin-Dependent
[pp suppressed]
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Probing the NN Interaction
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Probing the NN Interaction
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Nuclear Bias in Neutrino Oscillations
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Nuclear Bias in Neutrino Oscillations

Elastic
Sca;tering

Absérption

/AN

Pion Production



CLAS @ JLab

<> 41 acceptance (almost).

<>Charged particles (8-143°):
= P,>300 MeV/c
= P_>150MeV/c

<>Neutral particles:
= EM calorimeter (8-75°)
= TOF (8-143°)

Jefferson Lab
CLAS Detector

Beam




Playing the Neutrino Game

Goal: Use CLAS data to study E,..,, reconstruction and
vector-current cross-sections for different energies / nuclei.
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Playing the Neutrino Game

Goal: Use CLAS data to study E,..,, reconstruction and
vector-current cross-sections for different energies / nuclei.

Means (for QE study):
 Select clean (e,e'p) events (no pions, 2" protons, ...),
* Reweight by e-N / »~-N cross-section ratio.
* Analyze as ‘neutrino data’ (assume unknown E,..,),
e Study beam energy reconstruction methods,
 Compare to GENIE predictions,




Energy Reconstruction

3]
x10

= 2.26 GeV, “He

2500 —

2000 |—
B EcaI (ere’p)Opi

1500 -

1000:— EQE (e’e’)Opi

500

1.Eqe has worse peak resolution than E¢
2.Same tail for Ege & E¢y



Large A Dependence

. 2.26GeV, “He . Fe
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Large E Dependence
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Large E Dependence
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Data — Generator Comparisons

Fe | eData| vGENIE_

2.2 GeV 26% 62%
4.4 GeV 14% 62%

Fraction of Fe(e, e'p) and Fe(v, u~p) events
with E.,, within 5% of E, .,
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Projected Implications to DUNE
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Rrojected Implications to DU
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Today: The Standard Model
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The Standard Model
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The Standard Model

—30,050,97, — 9.J "0, 39095 — 1951 [ gL gL +
%iy’f(q;'“‘q]")_q“: + GG + _r[\f"b‘t),,(i"(-'l’_q,“ -oWiaWr —
MWW, — 10,200, 78 — 3ty M2 2073 — 30, A0, A, — 30, HO, H —
ImiH? = 0,6 0,6 —M?6" ¢ —10,6°0,6° - Fx Mo ¢ — 5[ 2L

‘lq”H + ,:,(H" + "6 + 20*(0')} t
WiW, ) — Z0( o

2t
_.\g an

BEEEEION) + (dEC (1 +7°)ud)] +
(1 —7)e) + ¢ (BN1 + )] — LZE[H(Be) +
)] + 2“"{/-?1,‘\)4'[—I!l:;(l_l;\(.\,‘(l - ‘y")tlj) + m:(ﬁ;‘(‘,\,‘(l +

2M
g 'm;}(rlj('{h[l + 9 )uf) m;(:l}(‘lhf‘l Yo )uf]

AT 22"
S H (@) - $3H(@Bd) + §56°(@ ) - $3 (B ) +
XH@ — M)X+ 4 X0 - M?)X~ 4 X0 - ) X0 4 VoY +

ige W, (3, XX — 8,X " X°) + igs, W, (@YX —9,X'7) +

igeW, (3, X X" =8, X°X) +igs,W, (3,X Y —3,YX")+

i0c ZURX XY = 0, X X7) +igsu A (0, XX =9, X" X7) -

JOM[X*X+H + X-X—H + } X°X°H| + ',;:_‘1 igM| X+ X%+ —

X X% |+ z-igM[X°X 6% — XOX+¢ | +igMs,[X'X ¢+ —
XOX*oT]| + JigM[X T X ¢" — X~ X ¢

But..... We still don’t know Matter Anti-Matter Asymmetry,
Dark Matter, Dark Energy, Black Holes, Gravity, ....

30



Tensor Currents in 5Li Beta Decay



Searching Under the Lamppost ...

Measuring Everything we can:

e Half-Lives
e Polarizations




.. Constraining New Physics

Comparing to Theory and Probing:

*Right-handed Currents (V+ '

e Massive Neutrinos. - 4
* CKM Unitary. —




New Physics in B Decay
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New Physics in B Decay

Standard Model:
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C/Cy

A-V vs. Tensor Currents
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A-V vs. Tensor Currents in 8Li

Kinematical distributions
sensitive to the current:

* Energy distribution of
recoiling ion (from two
alpha measurement).

* Angle between neutrino
and electron.

Resulting Constrain:
C./C,<10% (95% C.L.)

Sternberg et al., PRL 115, 182501 (2015)
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Standard B Decay Experiment

Produce Radioactive Atoms N
(Produce, Transport, Neutralize)

$

Trap

$

Wait for the decay...

Measure Decay Products

Analyze the Data and Compare to
SM Prediction




Standard B Decay Experiment

Produce Radioactive Atoms N S
(Produce, Transport, Neutralize)

$

Trap

$

Wait for the decay...

Why Trap?
 Cold and Dilute:

" No ‘smearing’

= |ess interactions
 Well localized vertex
* |sotope selectivity

Measure Decay Products

Analyze the Data and Compare to
SM Prediction
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Standard B Decay Experiment

Produce Radioactive Atoms g’ B

(Produce, Transport, Neutralize)

Downside of Trapping:

e Complicated experimental setup.

* Limited number of Isotopes.
* Low Statistics.

AndIYLC LI Udid dllu CUllIYdi© LU

SM Prediction

" | ess interactions
e Well localized vertex
* |sotope selectivity




Avoiding the Trap

1. Use nucleus with ‘high energy’ decays.
=>%Li » e~ +1,+ °Be(» a+ a)

* Easy to produce using conventional neutron sources.
 Two ~1.5 MeV alphas in the final state.

2. Device a ‘trap-less” measurement scheme
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3Li Physics (Tensor vs. V-A)
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The OLIVIA Experiment

OLIVIA

the Ballerin
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The OLIVIA Experiment
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Optical Lithium V-minus-A Experiment
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The OLIVIA Expe riment (MIT/HUJI/UM)

Optical Lithium V-minus-A Experiment

(3) Measure the
decay products

(1) Produce 8Li
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The OLIVIA Expe riment (MIT/HUJI/UM)

Optical Lithium V-minus-A Experiment

(3) Measure the
decay products

(1) Produce SLi
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The OLIVIA Expe riment (MIT/HUJI/UM)

Optical Lithium V-minus-A Experiment

(3) Measure the
decay products

(1) Produce SLi

ATOR TOP PLATE OF CHAMBER
EAD
y ISTRIB
— — TARGET CHAMBER
WALLS
TARGET PLATES OUTPUT .
(2) Let it
N ¥

= : decay in our  sof
1| - detector

' J—— % =500 1000 "0

RRRRRRR

48



3Li Production

Using a DT generator: 'B(n,a)3Li
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+ Transport 3Li to
A1 e, the TPC using a gas

WALLS

ouTPUT

flow system

TARGET PLATES

'
EXIT HOLES
D-T TARGET |
* —
B11 (n,o)
— 2000 | T T T T T T
40mb " npep-
INPUT — JEFF-32
- JENDL-4
LINE -
-2 117?énzn7 33 mb 1
X 20833.002
TARGET COLLAR | omol ¥ S
1 )
—
o 20 mb
O-RING SEALED 10mo
BOTTOM PLATE
I I 0ob

I TE— I P I \ I
t t t t t t t t
2 MeV 4 MeV 6 MeV 8 Mev 10 Mev 12 Mev 14 Mev 16 MeV 18 MeV 20 MeV

Based on the SNO 3Li calibration system
arXiv: 0202024 (2002) 49



Transfer
to Deck ,
(40m)

3Li Production

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

Using a DT generator: 'B(n,a)3Li

. . _ HeGas + Transport 5Li to
( + Oven the TPC using a gas
T for ) f NaCl- >Aerosol ﬂ
rans e
to Deck " Fast neutron source, B target oW SySte m
(40m) "B+n -> 8Li+a . .
. Expected Statistics:
Umbilical Retrieval -
[bq m "Caecﬁ;ﬁ;'; Exhaust Line 3 6x107
L/ B11 (n,o)
Umbilical } Cover Gas System ;&;33; 33 mb
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Based on the SNO 3Li calibration system

arXiv: 0202024 (2002) 51



Hall Schematics
(not to scale)
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T

Exhausted
-

+«—— Gas from target

XVesseI: Pressure
cooker

Decay/Measurment
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Scintillator
4*1 cm? —

| Cunarrow pipe
Copper//

oipe IN& for gas-flow
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All American 30-Quart Pressure Cooker Canner
by All American

P Yrvrr v 2,921 customer reviews | 713 answered questions

Price: $343.00 vprime

FREE Delivery Tomorrow
if you order within 9 hrs 45 mins. Details

Only 2 left in stock - order soon.
Sold by FastSavings v and Fulfilled by Amazon. Gift-wrap available.

Eligible for aMazonsmile donation.

Size: 30 qt

10.5 qt 15.5qt 21.5qt 25qt 30 qt
$232.80 used from $218.99 $279.95 $299.95 $343.00

vprime vprime vprime vprime

41.5qt
$494.95
vprime

* The All American 30-quart pressure cooker and canner holds approximately 19 standard regular mouth
pint jars or 14 standard regular mouth quart jars; Perfect Canner for all your canning needs!

¢ Made of durable, hand-cast aluminum with an attractive, easy to clean satin finish; Easy on-off cover;
Positive action clamping wing nuts permit easy opening and closing

» Sturdy phenolic top handle; Exclusive "metal-to-metal" sealing system for a steam-tight seal; No
gaskets to crack, burn, replace or clean

» Easy to read geared steam gauge; Automatic overpressure release; Settings of 5 psi, 10 psi, and 15 psi

* 19 inches high with 12-1/4-inch inside diameter; made in USA

Roll over image to zoom in
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All American 30-Quart Pressure Cooker Canner
by All American
P Yrryr v 2,921 customer reviews | 713 answered questions

Price: $343.00 vprime

FREE Delivery Tomorrow

if you order within 9 hrs 45 mins. Details

Only 2 left in stock - order soon.

Sold by FastSavings v and Fulfilled by Amazon. Gift-wrap available.

Eligible for amazon donation.
Size: 30 qt
10.5 qt 15.5 qt 21.5qt 25 qt 30 qt
$232.80 used from $218.99 $279.95 $299.95 $343.00
prime prime prime
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Currently working
on production &
transport rate
measurements
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detector
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decay products
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87.5% “He/Ne +
12.5% CF, @ 600 Torr

Cathode Mesh
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87.5% “He/Ne +
12.5% CF, @ 600 Torr

Cathode Mesh
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Little MITPC Big MITPC

e 2.8L e 60L

* 0.2-10 MeV nuclear recaoil ¢ 0.3 —20 MeV nuclear recoil

* 4 months of data at Double e 7 months of data at Double Chooz near hall
Chooz far hall e Now taking data at FNAL

* Now at MIT for OLIVIA
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Event Readout for Alpha Track

Run 1039, Event 662

800

400 _.
Pixels

CCD readout

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

# *+ R EBRT &I

[ llllIIl"llll'"lll"l"l'l"lllll"l LI

Aun 1038, Event 652 Ancde Waveform

ot P

- Rlullmo 4&824;‘!“9 N

E-{smplitude): 5304.08 keV...........

o229

PR PE—
1222 !

Aun 1069, Evert 662 Mesh Wavelarm

-

« Raw E (area,
Rlullmo 5 .41 urap :

)1 6066.38 keV

1 i

|

d

“n

20X

X0

1
200 1600G =00

i

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

QQORH%216PO%212Pb

1000 250

Pixels

200

—150

500 —100

50

~

% 500 1000 20

1024 pixels = 35.3 cm Pixels
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Energy Reconstruction

Energy loss of alpha particles in “He/CF,

Energy Reconstruction from
3D track length

. Height =
Tdeposit X Vdrift

: from CCD

SRIM Simulation

1 | 1 3 L 1 :
8000 10000

Start energy (keV)

100
90
80
70
60
50
40
30
20
10
0
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Energy Reconstruction

I I I | I | I | I I I I I I | I | I | | |

22Rn~5,5MeV

-
o

llllllllllllllllllllllllll

SR AR ———- S ———

....................... 210p0~53MeV ...

Noyg /25 keV)

2rP0~6.OMeV

l ~2.5% resolutiorﬁ
'H at 5 MeV '

lllllllllllllllll

[l #9po~7.7Mev

100

J= Jea) o) o] of

ary EIength [MeV]
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y pixel

250

200

150

100

50

Energy Reconstruction

I | I I I I I I | I | | | I |

20 In~5,5MeV

200
218po~6.0MeV

at 5 MeV

Light intensity [arb. units]

M ~2.5% resolution

24po~7,7MeV

ary
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Projected Range (cm)

2.5 1

0.0

SRIM & Garfield Simulations

5.0 1

ISRIM: Stopping and Range
of lons in Matter

lon Energy (MeV)

Goal: Reconstruct track length;

correlate to alpha energy.

10

Detector Description

[ Medium ] [ GeometryJ

N

[ Component

Jh
N

Transport



number of entries

Energy Difference Histogram

350 S AT

[ Mean -7321

B Std Dev  7.269e+04
300—

250/ Energy Resolution

s of Data: 3.43%
200—

150(— .

: Energy Resolution
100 of fit: 3.15 %
50—

0:1 | J_l-‘_ln_I'L 1 1 1 1 l 1 1 1 1 l 11 1 1 l | I - |JanL| | - X103
~400 -300 -200 -100 O 100 200 300 400

[energy1-energy2 (reconstructed)] - [energy1-energy2 (actual)]



Find farthest endpoints
along x and y directions.

Find Oeconstructed USing

plot of cos(theta) vs. width.

Find z component of track

length for each z =
1

tan(Oreconstructed)* X2 +y? ’
where x, y, and zare the
respective components of
the track length (cm).

Find track length by taking
Jx2 4+ y2 4+ z2

dipnal energy - ailpnaz energy (ev)

300

200

100

-100

-200

-300

400

X

Alpha Energy vs. Reconstructed Track Length

ks
(@)
N w

I]IIII[llll]llll]llllllllllllllllllllIII

!]llllllllllllll|llllllllllll[lll!ll|!lllll!

-04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4

reconstructed track length 1 - reconstructed track length 2 (cm)



Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

[ NON X! DmtpcSkimViewer: /net/hisrvO001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root
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Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

O @ [\ DmtpcSkimViewer: /net/hisrvO001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root
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Sensitivity to SLi decay Alphas

‘Typical’ simulated events @ 200 Torr

[ NON ] [\ DmtpcSkimViewer: /net/hisrv0001/home/spitzj/DCTPC_soft/MaxCam/Simulations/v1/dmtpc_mc_00001.root
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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: 133128

Spark: 0

Run, evt, trk, 1,0, 0
E: 7.629e+04
Range: 2934

Pos: 501.7,517

Phi: -0.2071
Skewness: 0.007493
Edge: 0

Cluster RMS: 92.43
Cluster Mean: 119.3
Neighbors: 8
NPixel: 656
MaxPixel: 340.3
NBurnin: 18

| o jimin] 5o fmax@ 250 [ snow races|
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Sensitivity to 3Li decay Alphas
Ongoing Simulation Development:

* Simulate waveforms.
 Optimize clustering algorithm for alpha

pa i rS A VCCD Intensity of a Double Alpha Tn:ack

—— Real Vertex Two 3MeV Alphas
600 Torr
1200 Est Vertex 87.5%He4,12.5%CF4
600 Error: 0.02%
>1000
£ | l
S AT n
400 £ 800 / \ y
0 \ | A
O N
Y 600
D
200 2
=
m 400}
% 200 200¢
< [ Event [ 0 oo ﬁ
| 0 - -
' 0 100 200 300 400 500 600
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Sensitivity to 3Li decay Alphas
Ongoing Simulation Development:

* Simulate waveforms.
 Optimize clustering algorithm for alpha

pa i rS A VCCD Intensity of a Double Alpha Tn:ack

—— Real Vertex Two 3MeV Alphas
600 Torr
1200 Est Vertex 87.5%He4,12.5%CF4
600 Error: 0.02%
>1000
£ | l
S AT n
400 £ 800 / \ y
0 \ | A
O N
Y 600
D
200 2
=
m 400}
% 200 200¢
< [ Event [ 0 oo ﬁ
| 0 - -
' 0 100 200 300 400 500 600
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3Li Physics (Tensor vs. V-A)

lll 1.1

JgOO -400 -300 -200 100 0 100 200

Eq1 — Eq; [keV]
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Resolution Effects

;oo§_ Nominal resolutions:

,ooé_ 2% - Energy,

oof- 1° —In-Plane angle,

oo \ 2° — out-of-plane angle.
)ooé—

soo%— 0000

Q\J e T T

Eq1 — Eq [keV] s

0000

5000

lllllllllllllllllllllll

llllllllllllllllllllllllllllIllllllllllllllll

—_RNnn —_ANN —2ann —_2Nnn —1inn n inn 20N 2ann ANN

Eq1 — Eq, [keV]
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Status and Outlook
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Current limit




Status and Outlook

0.10

0.05

neutron 2002

(0" =0 Fierz

llllllll?

<
‘3’_ 0.00 OLIVIA Phase-I (expected)
n
0.05 -
: 32Ar
_OIOL PN ST R T NN T N N
-0.10 -0.05 0.00 0.05 0.10

CJ/Cy
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Status and Outlook

*MITPC is a great, proven, 3D alpha detector!

*Based on the reported SNO rates we can measure
107 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.

HAPPY TO COLLABORATE !



