Project Description for the SEGA & MEGA Project

1. Experiment Description

The Segmented Enriched Germanium Assembly and Multiple Element Germanium Array
(SEGA & MEGA) isamulti-faceted experiment whose main purpose isto investigate
double-beta decay. A 500-kg collection of germanium (Ge) detectors, operated deep
underground for severa years, will explore mass ranges suggested by recent neutrino
oscillation results.

Other purposes of the SEGA & MEGA experiment are to develop new computer
algorithms and computer and electronics hardware to provide improved background noise
rejection for underground experiments at the WIPP.

The terms SEGA and MEGA refer to a collection of counting stations that are supporting
the same research goals for the same experiment originally called the Majorana
experiment. The previoudly titled Mg orana Phase 1 activity is now called the SEGA. It
encompasses three counting stations as outlined below. The former Majorana Phase 2
activity isnow called the MEGA. The Mg orana program still exists as an overall
concept, with SEGA and MEGA being distinct stepsin theinitial development. The
SEGA & MEGA collaboration is currently prototyping the technologies involved with
conducting a large mass experiment. The collaboration is trying to satisfy key needs by
using four measurement configurations.

TUNL ITEP (Triangle Universities National Laboratory - Institute for Theoretical
and Experimental Physics)

LANL (Los Alamos National Laboratory)

SEGA (proper)

MEGA

2. Location
The developmental work of the SEGA & MEGA collaboration will be conducted in the

WIPP underground at the western end of the S-90 drift, at approximately W-850 in the
Room-Q alcove (Figure 1).

3. Configuration

Experimental equipment will be housed within connex buildings in the Room-Q acove
(Figure 2).



EXHAUST
SHAFT o
S

w
o (en]
g o o
B 2 v
% %) E—300 w
<2 o
’O\.i ﬁ 1PN
|
=[] [ 1= L A 1 [] ﬂ E—140

780 T
NN
i -

IIE ﬂ] ;[ S-1300

hI e
| [T A I =
u \61 [=) [==) [ L LT
= I © | |
O" = z‘ = =
= S= W—170
1 WASTE SHAFT
SALT FORMER CORE
HANDLING STORAGE
SHAFT LIBRARY
>0 ELECTRICAL
SUBSTATION
& NO. 4
<
ENTRY TO ROOM
AIR INTAKE @
SHAFT
SEGA and MEGA EXPERIMENT
Figure 1: Underground map with experiment location.
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Figure 2: Preliminary floor-plan layout of the connexes.




The connex units will be air-conditioned and will be provided with high-efficiency
particulate air (HEPA) filter systems.

The basic element of each experiment will be a high purity (HP) Ge detector inside athin
copper inner liner, encased in amodest |ead shield.

Details on the specific experiment configurations follow:

A. The TUNL-ITEP double-beta decay apparatus (Figure 2a) consists of two HPGe
detectors, a disc-shaped sample of the isotope under study, and an active and passive
veto system. Each of the two HPGe detectors is about 9 cm in diameter and 5 cm
long. They are enclosed in cylindrical aluminum housings that are attached via cold
fingersto two 30-liter LN, Dewars. The 1 kg sample (provided by ITEP; therefore
the name TUNL-ITEP apparatus) is located between the two HPGe detectors. This
sample is an isotope sensitive to double beta decay such as M0o-100. These
components (detectors and sample) are surrounded by a 4-inch thick sodium-iodide
(Nal) annulus that is equipped on both ends with 8 photomultiplier tubes. The outer
diameter of the annulusis about 26 inch, and itstotal length (including the
photomultiplier tubes) is about 36 inches. Two plastic scintillator plates, each
equipped with two photomultiplier tubes, cover the open ends of the annulus. The
main purpose of the annulus and the plastic scintillator platesisto reject (or veto)
events from background radiation reaching the HPGe detectors from the outside.
Thisis an active veto shield. The experiment is interested only in the events from the
sample disc located between the two HPGe detectors; twenty events per year are
expected from the disc, compared to billions of events coming from the outside. The
entire apparatus is surrounded by an enclosure of lead bricks (2 inch by 4 inch by 8
inch each), with wall thickness of 12 inch on the four sides and 4 inches on the top.
A 1cm thick steel plate supports the lead roof. The lead enclosure forms the passive
veto system. The outer dimensions of the entire apparatus are 60 inch in length, 40
inch in width and 32 inch in height. The lead enclosure is surrounded by an
additional 4-inch thick plastic enclosure to reduce the neutron background in the
HPGe detectors. The purpose of the experiment is to search for the double beta-
decay to excited statesin specific isotopes. The isotope samples are modestly sized
(about 16 cubic inches) samples of enriched material. Examples of the enriched
materials are isotopes of such elements as Se, Mo, Nd, Cd, and Zr. These isotopes
have a high cross section for double beta decay events. At TUNL the isotope Mo-100
was studied successfully. The TUNL-ITEP apparatus consumes about 0.3 liters of
LN per hour when operating. TUNL plans to repeat this experiment for about six
months at the WIPP to experiment with different conditions. For example, tests will
be conducted with and without the Nal annulus and the plastic scintillators. The
expectation is to eliminate this extra shielding due to the greatly reduced cosmic-ray
background in the WIPP underground. After the collaboration determines the
necessary shielding, they plan to measure the double-beta decay to excited states of
Nd-150. On the surface, as operated today, the TUNL apparatusis not sensitive



enough to observe the extremely rare double-beta decay events (expected fewer than
five events per year) for thisisotope. The double-beta decay experiments to excited
states of the daughter nucleus are the first step toward the much larger and much
more important neutrino-1ess double beta-decay search on Ge-76.

Figure 2a Cut-away view of the TUNL-ITEP apparatus. Footprint of shield is
approximately 1 x 2 meters.

B. The SEGA experimental apparatus (Figure 2b) consists of a single Ge detector inside
alead shield. The deviceisinternally segmented into 12 parts that can be read
independently. The purpose of this experiment isto establish the best geometry for
the detector and to configure optimal shielding. The configuration of SEGA will be a
HPGe detector encased in amodest lead shield with athin copper inner liner. The
HPGe detectors operate at LN, temperature by cryostat contact with a 30-liter LN,
Dewar. SEGA will consume about 0.15 liters of LN, per hour of operation. The
enclosure will be manually built from approximately 850 ~25-pound lead bricks
(8-inch by 4-inch by 2-inch). The exterior dimensions of the lead enclosure are 32-
inch width, 32-inch length and 40-inch height. The dimensions of the interior of this
enclosure will be approximately 8-inch width, 8-inch length and 14-inch height.
Outside the lead shielding there may be athin (less than 0.25 inch) cadmium (Cd)
jacket, constructed of sheets between 12 inches and 18 inches in width, taped together
and sealed with waterproof duct tape. Thisjacket absorbs thermal neutrons and does
double duty in providing a positive barrier to radon daughter intrusion. Outside this
layer will be heavy plastic sheeting to prevent human exposure to the Cd. Whether to
use CD shielding will be decided during an early test of the detector. Finally, alayer
of neutron moderator (plastic, paraffin, or containers of water) may be temporarily



placed as an outer shield to determine the effects of neutrons on the system. The LN
Dewar will be located external to the lead enclosure within alarge connex unit and
have a height of 24 inches and a diameter of about 18 inches. This configuration is
intended to validate the proper geometry and shielding for the experiment, one of the
necessary, cutting principles of the design. Operation of the SEGA detector is
expected to last about one to three years.

Figure 2b: Cut-away view of the SEGA apparatus. Footprint of shield islessthan 1
square meter.

. The MEGA experimental apparatus (Figure 3) will consist of atoroidal (doughnut-
shaped) cryostat holding several (16-18) Ge crystals. Sixteen of these will bein an
annular cryostat surrounding none or up to two individual detectors, which will
occupy the inner space of the annulus. This detector system is designed to surround
the one or two germanium detectors under special test. The detector design from
SEGA may be incorporated as one of the two inner detectors within the central hole
in the toroidal detector. The number of inner detectors will be determined during the
experiment. The lead shield for MEGA will be constructed from alarger number of
lead bricks. The same external shielding jacket configuration as for SEGA will be
employed, with a suitable geometry to enclose the cryostat and detector system. The
configuration of this counting station is more complex, because of the necessity of
having several LN, Dewarsto cool the many Ge crystalsin the system. The complex
detector array will boil off between 0.5 liters per hour and 7 liters per hour of LN,.
To determine the exact rate of LN, consumption is one purpose of the research being
conducted. After appropriate development and testing, MEGA will run for a period of
four to five years.



Figure 3: MEGA apparatus, designed to fit in atransport container.

D. The LANL device, configured similar to SEGA (Figure 2b), will include two Ge
detector arrangements. These will be un-enriched detectors that compose a different
configuration of detector crystals than MEGA and a different segmentation than
SEGA. The external shielding will be lead bricks surrounded by sheets of boron-
loaded plastic. Likethe SEGA shield, the enclosure will be manually built from
approximately 850 ~25-pound lead bricks (8-inch by 4-inch by 2-inch). The
dimensions of the MEGA lead enclosure will be similar to those of the SEGA
enclosure. One purpose of the LANL experiment isto identify the best shielding
arrangement to improve detector sensitivity. The design will test the usage of a Cd
jacket as described in the SEGA shield. The Cd may not be a part of the final design.
The jacket would be athin (less than 0.25 inch) Cd jacket constructed using sheets



between 12 inches and 18 inches in width, sealed together with waterproof duct tape.
The LANL apparatus will boil-off about ten liters of LN, per day during a continuous
operation. Thisamounts to about 0.5 liters per hour. These detectors will be used to
further verify the background rejection techniques of segmentation and close packing.
In addition, they will be used for material screening. Raw materials that will be used
for the construction of the future Majorana experiment such as plastics or metals, or
even electronic components like resistors, will be counted. In addition, one might
count finished assemblies such as an electronic circuit. The detectorswill also be
used for research and development of the calibration techniques for possible later
Majorana phases. Finally the experiment will investigate methods to reduce
background noise from cosmic muons. Electronic settings will be adjusted, and data
acquisition software will be modified to improve the signal-to-noise ratio for the
counting station. Improved noise rejection capabilities will allow more astrophysics
experiments to be conducted at the relatively shallow depth of the WIPP.

To replenish the LN, Dewars, a supply system will be fashioned out of 3/8” copper
tubing, with Swagelok fittings. In this configuration, the LN, Dewars can be replenished
from outside the large connexes. They will need to be refilled approximately once a
week, with a maximum of ten days between refillings. The connexes will be equipped
with oxygen detection systems and alarms to deter people from entering an area deficient
in oxygen. This condition could arise from excess gaseous nitrogen, resulting from LN
boil-off during Dewar refilling. The boil-off gas will be directed into the inner chamber
of the detector apparatus to provide a dlightly positive pressure that forces radon out of
the inner volume of the lead enclosure.

Signals from the HPGe detectors will be routed to a Computer Automated M easurement
And Control (CAMAC) crate, equipped with appropriate signal conditioning and
acquisition modules. High-voltages (HV) required will be supplied by a Lecroy HV
power supply. The electronics, located external to the lead enclosure, are connected to
the detectors by 50-Ohm cables. Some of the signal cables will be made from RG-
188A/U QPL 26 AWG (Belden 83269 - Teflon jacket and insulation) 50-ohm
transmission cable. Therest of the signal cables will be made from RG-58/U Type 20
AWG (Belden 82240 - Flamarrest jacket and FEP insulation) 50-Ohm transmission cable.
HV cable connections will be made with SHV or equivalent safe connectors.

Electrical power is supplied from Underground (UG) Switching Station #4 to a
switchrack located in Q-Room. From the switchrack, power isfed to the connexes
through 15 kVA mini power centers (MPCs) mounted on each connex. The MPCs house
the transformers and distribution panels. The distribution panels provide circuit
protection for the loads. Connex loads include air conditioning, incandescent and
fluorescent lighting, and two 20A receptacle circuits. The remaining 120V circuits supply
electrical power for the computer system, the data acquisition system electronics, the
high-voltage power supply, and the communications systems associated with this
experiment. These circuits will be sustained by an 8 kVA uninterruptible power supply



(UPS), capable of supporting the experiment for twelve hoursin the event of an
unplanned power outage. The fluorescent lighting must be separably switchable, such
that electronic noise can be minimized. For the LANL apparatus, electrical power is
already supplied to the LANL sheds.

The detector instrumentation will generate electrical pulses whose output signals are sent
to the CAMAC modules, where they are converted to digital signalsviaa 14-bit ADC
system. The data are fed through the CAMAC dataway (data highway) to a computer
with local buffering and network connections. Data will be routed to computers behind
the Pacific Northwest National Laboratory (PNNL) security firewall for data hosting for
the collaboration members throughout the US and the world. Local operators of the
experiment will also require nominal accessto email, FTP, TELNET and other common
network protocols and applications that are possible and commensurate with typical DOE
security standards and local WIPP needs. The WIPP will provide a hub that will be
connected to a fiber distribution device located on the site Internet backbone. A
maximum of 2 IP addresses will be assigned to support network connectivity on the
Internet. The WIPP network has a data bandwidth of 10 megabits per second. All
systems on the network need to conform to C2 security standards. A complete system
description and security plan needs to be submitted prior to any hardware or software
installations. Telephone communications will be provided via one direct telephone line,
located within the small connex unit.



