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AN OLD EFFORT: LOW THRESHOLD GAS DETECTORS
1 ’ T SM GEM
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5% Identical detector construction for all
targets (controls systematics) |
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¢ Low thresholds: single electron

sensitivity for ~1-10 Bar

.S. Barbeau, J.I. Collar et aI.LNIMASﬂSA%—4@20CBJ
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AN OLD EFFORT: LOW THRESHOLD GAS DETECTORS
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¢ Identical detector construction for all

AN OLD EFFORT: LOW THRESHOLD GAS DETECTORS
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Fig.8 Maximum gain of a triple GEM detector as a
function of pressure in He, Ne, Ar, Kr and Xe.
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AN OLD EFFORT: LOW THRESHOLD GAS DETECTORS
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WEAK NUCLEAR CHARGE

% We now know Mo, and MHiges — uncertainties on radiative corrections are small

¢ Remaining hadronic uncertainties similar to those from APV experiments (~0.2%)
(L. M. Krauss, PLB 269, 407)
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WEAK NUCLEAR CHARGE

P ———— S — —— — —— — E—— -

I

- Measure Qw with coherent [ scattering at nuclear reactor
(SONGS ~10P O cm™ s'! & 30 m.w.e)

Deviations — new Physics

= —all

(G +Ga) + (Gy — Gal (L= 2 — (G~ G3) o) I

do G M
d_Tcoh N 2T

Gv = ((¢2 +2€%) + €4V Z + (97 + €~ + 2e2Y YN)F,, 1 (Q?)

Ga = ((98 + 20 + €2V (24 — Z2) + (g0 + bt 4+ 2e0 ) (Ny — N2))Fret (Q%)
1
gt = ph§ (5 — 2h NSin20y,) 4+ 2AUL 2 uR L \dL 4 \dR
1
g"n} _ __/01]/\]]\([7 +>\uL _|_>\uR_|_2)\dL _|_2)\dR

+ axial vector factors which have more theoretical uncertainty (strong quark contributions, weak
magnetism term, effective neutrino charge radii)

Friday, December 28, 12



WEAK NUCLEAR CHARGE

0) Use gas targets (swappable) to control fiducial volume systematics
1) Low q° @ Rx to avoid F(Q?) theoretical systematics
2) eliminate axial couplings along with their (larger) uncertainties

— Choose even-even nuclel
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3,4 He C 02 ‘
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WRRERre———
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WEAK NUCLEAR CHARGE

3) Factorize out [ flux (~6%) & absolute rate uncertainties

—> group according Z=N & Z=N & measure ratio: Rz=N
| “ Rzxn
Qusme = 2 X 451170, " Querne = 2+ 10 x 4sin®0,, l

Qw120 = 6 X 4sin°0,,
Qw160 = 8 X 4sin’0,, ;
Qurone = 10 x 45in260, | Qurwoxe =28+ 54 x 4sin”0,,

Quw =N — (1 — 4sin?0,,) 7
E—— ‘____.4

Qu 10 4r = 4 + 18 X 4sin0,,
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WEAK NUCLEAR CHARGE

4) Use A1 ~ A2 nuclei to minimize impact of neutrino spectrum uncertainties — % ?* Ne

Klapdor et al.

positron energy (MeV)
Shape verified by Bugey-3 data

Normalization improved to 1.6%
Liang Zhan SNAC, September 26-28, 2011
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WEAK NUCLEAR CHARGE

4.5) Using same element (Ne) eliminates atomic effects on the quenching factor

impact of 1% Q(Ee) uncertainty & threshold
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WEAK NUCLEAR CHARGE

Ignoring radiative corrections l

2Ne. (2410 x sin?0,,)? &

Statistical uncertainty from backgrounds
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(non-universaL) NS SEARCH

.

¢ Essentially, the same game as the before

do G+ M
d—Tcoh B 27

T

) 4

Gv = (g8 + 22 + eV Z + (g + €4 + 29 \N)EY., .(Q?)

Makes for interesting constraints here
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1.0345 £+ 0.0202 = eev egv |
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!

|

(not yet drawn)
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Friday, December 28, 12



NS|I SEARCH

While we are at it, lets not forget that this scheme is information rich

— Hjy, CH4 (very distinctive spectrum) and CF4 (unpaired protons)

— SHe (unpaired neutron), D2 (unpaired neutron and proton) [| Can't decide which is crazier
— BF3 (unpaired neutron and proton).

— Varying weak magnetism effect.

do G M
d_Tcoh N 2T

(G +Ga) + (Gy — Gal (L= 2 — (G~ G3) o) }

Ly

Gv = ((g° + 2€2Y + €NV Z + (g + €% + 22 \N)EY .1 (Q?)

nucl

Ca = (95 + 26 + ) (Zy — Z0) + (g + e+ 26)(Ns — N)FAL(Q)

nucl

1
gt = ph§ (5 — 2k, nSiN0,) 4+ 2AUL 4 2NUE L \dL 4 \dR

gr = _% pNC 4 yul 4 yuR | 9y\dL 4 9ydR 4+ pesky axial couplings

R ———
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Light WIMPS

Or, what else can you use these detectors for...?

Deploy a number of similarly built detectors, with much larger variance in A.

Use the kinematics of WIMP-nucleus scattering to test putative signals.

Tension?
32,34 107% —— '
H, Sk E % 3 XENON100 Vo = 220 km/s
w2 Vosr = 544 km/s
3,4 L. % &
“He CO9 | » oy
011 BFs 022N €,
S 1074
12,13,14
S14CHy No T
S
C2H6 82,85,84,85,86Kr
C4H10 39,40Ar 10—4] :
C/F4 129-132,154,156Xe
—— mpy (GeV)
— ——————
17
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Light WIMPS

Fit characteristic energy scale of any observation versus target mass, increases the
precision on putative WIMP mass
— kinematic check against certain (neutron) background hypotheses

Amplitude of spectra indicates WIMP escape velocity

— ascertain/factorize astrophysical systematic (Streams, etc.)

40 . .
B ® 7 Gevic® WIMP ]
- 35 - A 15Gevic®WIMP
> i o 100 MeV neutrons
L 30 - OAAA Maximum recoil energies _ ]
~ i 6 (blue circles & red triangles) associated ]
é i A with the standard uniform, isothermal :
= 25 [ o A halo model for WIMPS and limited by ]
GC) i the galatic escape velocity ]
(B - d .
= 20 © An example neutron background (open circles) |
8 A % from 100 MeV neutrons that pass through ]
(<B) - modest layers of radioactive shielding A
— A b
=S r @ ~.. B
' ® [ O A ]
£ 10 ° 0 ]
£ e ;
i o -
O L | Y\ \Y ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | ‘ | | i

0 20 40 60 80 100 120 140

atomic mass

L — 18 B e
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Light WIMPS

Study cross-section versus target mass.
— Search for (neutron) background systematic
— Characteristic coherence signal

Cross-section cancelations can occur if we have 1sospin-violating WIMP interactions.
— Factorize out Particle Physics Systematic.

Assuming spin-independent WIMP-nucleon coupling
10 non-isospin violating

DAMA favored cross-section

CoGeNT favored cross-section

"measured" WIMP-Nucleon Cross-Section

0 20 40 60 80 100 120 140
atomic mass

S — 19 —————
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¢ A detector concept has been presented which focuses on eliminating
systematics with a simple/robust technology for precision CNNS &
WIMP experiments

s Can we really predict the relative QF between 20Ne and ??Ne based on
kinematics?

Al

% Is there any 1onization signal at all at low Q?
s¢ How difficult to enrich to 22Ne?

¢ High precision calibration of energy scale/electron gain...laser
calibration?

20
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QF MEASUREMENT: 24 KEV
MONOCHROMATIC NEUTRON BEAM (KSU)

| 7 | Fe+Al filter a)
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o
<
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—

*
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ey |
>
o A
< 10
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8 oE”Lw P 1 QR
€ 008 033 057 08 110 1.30
10° | recoil energy (keV)
0 50 100 150
p. Barbeau YEE4I@N Sa @R NG, AND € SARHHRES Bo1, 2007 |

P. Barbeau, J. I. Collar, J. Miyamoto, and I. Shipsey. IEEE Trans. Nucl. Sci., 50:1285-1289, 2003.
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recoils / keV

QF MEASUREMENT: THERMAL

NEUTRONS

source

used as trigger source

y) reactions

(keV)
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E e
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(E{}: 7.0 MeV)

*

P. Barbeau, J. I. Collar, J. Miyamoto, and I. Shipsey. IEEE Trans. Nucl. Sci., 50:1285-1289, 2003.
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