OR TE C ? Micro-Detective®-HX

ENHANCED CAPABILITY ULTRA-LIGHT
Portable Hand-Held Radioisotope Identifier

e Easier to Use — touchscreen or
pushbutton, indicator warnings.

* Lighter to Carry — <16 Ibs in weight.
* More Rugged — dust and water resistant.

* Expanded Capabilities — larger nuclide
library, user configurable.

* Revised Algorithms — more resistant to
false positives and negatives.

e Background Subtraction
* “SMART” Digital Stabilization

Micro-Detective-HX is the latest addition to the highly
successful ORTEC Detective range of hand-held
radioisotope identifiers (RIDs), for use in the detection
and prevention of illicit trafficking of nuclear materials
at ports and border crossings. It is the most advanced
RID commercially available.

Micro-Detective-HX represents the latest stage in the
evolutionary development of high purity germanium
(HPGe) based RIDs which began with the ORTEC
Detective in early 2004 and was more recently marked
by the introduction of the ORTEC Micro-Detective. The
“HX” is the commercial embodiment of additional
development carried out under contract between
AMETEK and the U.S. Department of Homeland
Security.!

Micro-Detective-HX Builds on the Impressive Features of the Micro-Detective. . .
* 40% lighter than industry-leading ORTEC Detective-EX.
* 50% reduction in overall size.
* Simple to operate: Bright, clear, SUNLIGHT READABLE display, touch sensitive screen, intuitive menus.
* Rugged: Enclosure, display, and all perforations sealed against moisture and dust.
¢ Built in neutron detector.
e Built in GPS.
* Removable data storage SD card.
* 802.11 wireless communications.
* “Run forever cooler” ensures instant availability at all times.

... And Adds Further Enhancements in Hardware and a New Software Approach

'The contract was awarded by the U.S. Department of Homeland Security (DHS) Domestic Nuclear Detection Office (DNDO) under the Human
Portable Radiation Detection System (HPRDS). The HPRDS program began in 2006 in order to develop next-generation hand-held devices that would
bring faster and more reliable means to detecting and identifying radioactive materials. Of the five contractors initially chosen to improve and enhance
their radiation identification technology, AMETEK recently was selected by DHS to continue in the HPRDS program.
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Hardware Enhancements

* One-handed control of instrument through two handle-mounted buttons, or
though touchscreen.

e Visual Alarms: LEDs provide clear and simple indication of nuclide type:
threat, innocent or suspect, plus error indication.

¢ Vibrating alarm built into handle.
¢ 3-level auditory alarms can be routed through headphones.
* “SMART” digital stabilizer.

A New Software Approach

HPGe is already acknowledged as the “perfect” detector for a radioisotope
identifier. It has ~40 times better energy resolution (selectivity) than the
nearest alternative. Unlike lower-resolution detector types, HPGe crystals
must operate at cryogenic temperatures — an engineering issue ORTEC
solved 25 years ago. Several hundred Detective family instruments in the field
attest to the reliability of today’s miniature Stirling cycle coolers used for this
purpose.

Beyond the intrinsic selectivity of the HPGe detector type, the ultimate
performance in terms of its fidelity of identification (zero false positives or
false negatives is the goal) depends on the software algorithms. Its practicality
in use depends on reliable hardware AND a user interface which is easy to
learn and interpret.

In the -HX, the Detective family performance has been enhanced. Further
reductions in both false positive and false negative results have been
achieved, combined with a new design user interface and new modes of operation.

The Micro-Detective-HX User Interface is

e Clear.

e Simple and intuitive.

e Informative.

* Based on simple-to-use hardware, even with one gloved hand.

New Operational Capabilities

Modes of Operation

* “Home” (passive monitor) mode; continuous monitoring of the environment for the presence of nuclides.

* “Detect” survey mode; strip chart recoding of all and threat nuclides assists in location of sources of interest.
* “Long Sample” mode for positive identification of located sources.

¢ “Fixed Sample” mode for variable-time Long Sample acquisitions.

Additional Features

* Background subtraction allows for presence of high levels of natural background.
e All alarms must be acknowledged by the operator to avoid being overlooked.

* Expanded library with user selection of threat isotopes to match CONOPS.2

2Concept of Operations.
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The Micro-Detective-HX in Use: Overview
From the hardware standpoint the user interface comprises:

* Two buttons on the front of the handle, Navigate (N) and Select (S), with which all
survey and sampling operations can be performed.

* A high-resolution, sunlight readable, color touchscreen provides an alternative way to
choose menu options and enter data such as passwords and alarm limits.

¢ Audio-visual feedback:

Menus are designed to be operated with N and S buttons only, but if preferred, the
touchscreen is always available.

On-screen help messages display radiation and system error alarms. The
messages tell the user what the next press of the N and S buttons will do.

An audio alarm with three volume settings can be used with headphones and a
vibration alarm is provided in the handle. Either, both, or neither can be enabled.

A 4-LED panel is used to further inform the operator of alarm conditions.

Color coding of the LEDs and screen borders match in order to make the
instrument as intuitive as possible: red for threat, yellow for suspect and green for
innocent.

Indicators at the top of the screen show the current dose rate in mrem/hr, the
number of spectra that can be stored on the SD card, GPS co-ordinates, the power
source (external power or battery), battery time remaining, and the on/off state of
the audio and vibration alerts. The storage-space and battery-time-remaining
readouts alternate every few seconds.

When radiation is detected and identified, the identification is posted to the real-
time identification area of the screen. This area lists the names of any
radioisotopes currently being detected and their classification as a threat (T),
suspect (S), or innocent (l). It can also optionally show whether the identification is
at high (H) or low (L) confidence.®

The Micro-Detective-HX in Use: Modes of Operation
How the -HX Collects and Analyzes Data

¢ A flexible approach to minimize time and maximize effectiveness.
 Continuous running and fixed time modes with “end survey summary.”
e Maximum flexibility, maximum sensitivity.

» Adaptable to the chosen CONOPS design.

The -HX monitors for radiation at all times. It collects one spectrum per second, then
begins analyzing a rolling window of the eight most recent 1-second spectra for
radioisotope identification and alarms.

* “Home” or “Passive Monitor” mode is the simplest form of operation. In this mode, the
-HX is continuously “looking,” but not storing data.

¢ In “Detect” or “Survey” mode, the instrument stores the 1-second data slices and
attempts to make an ID based on the 8-second rolling windows.

* Optional “Long Samples” or “Fixed Samples,” performed during the “Detect” mode
survey, add longer spectrum acquisitions to the data stream of 8-second rolling-
window analyses.

Display and Control Buttons.

“Radiation Alarm.”

Select: End Background
Navigate: Menus

Contextual Messages Give Function of the “S”
and “N” Buttons.

Indicators at Top of Screen.

Type Source Conf

S [Elevated radiation or beta L

Real-Time Identification Area.

Neutron Alarm.

* The “End Survey Report” is a cumulative analysis of all 1-second data slices in the survey, providing increased detection sensitivity

for weak or distant sources.

*Note the only suspect alarm in standard sampling mode is “Elevated radiation or beta.” This indicates the gamma count rate is higher than can be
accounted for based on the peaks in the -HX library. The implication is that either an unexpected nuclide or a beta emitter is present.
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Modes of Operation: Home (Passive Monitor) Mode: “Always Looking”

In Home (Passive Monitor) mode, the instrument is continuously “looking” but not storing
data. Gamma dose-rate, battery life, storage space, and GPS co-ordinates are displayed. In
this mode, the -HX acts like a survey meter in that if it is moved away from the source, the Status: Ready
ID will be removed from the screen. However, any alarm posted persists and must be
acknowledged (cleared). Data is gathered and processed in 1-second time slices. The -HX

analyzes an 8-second rolling window of these slices and attempts to make an ID. Nuclide
IDs are posted to the Real Time ID area. _

Modes of Operation: Detect Mode (The
Survey Concept)

Serial Number: 9005

Detect mode is used to better locate and .

. : . . Software Version: 2.0.0.0

identify sources. A Survey always begins with a .

Detect mode measurement, and can include Hardware Version: DETH-001
Sianal Ind 40| Long and Fixed Sample mode (see below) Next Bkg. Due: 17:03 Feb 26, 2008

ighal Index operations also. The -HX can be set to 14:25 Mar 1, 2008 UTC

automatically start a survey immediately after it

is removed from charge or a survey may be _

started manually. 1-second data slices are

saved to an ICD1/ICD2 file pair (see Home (Passive Monitor Mode),
Threat Index 1001 s ecification section) on the removable SD card. Innocent Cs-137 (Green Color Code).

As in the Passive Monitor mode, the -HX
attempts to make an ID based on an 8-second |[Sample 1 of1 T W E -
rolling window. At the upper part of the screen, 0.23 mrem/h Space: 401132
the color-coded strip chart records Signal Index
(cumulative activity of ALL nuclides identified).
The chart peaks at the location of greatest
activity. The lower chart shows the Threat
Material Index similar to the Signal Index, but
for threat material only. To the right of each
strip chart, a vertical bar and numeric value is used to show the current value of the signal
and threat indices. If appropriate to the measurement, alarm IDs are displayed in the Real
Time ID area and must be acknowledged.

Type Source Conf
S [Elevated radiation or beta

Detect Mode. Threat Am-241
(Red Color Code)

Modes of Operation: Long and Fixed Sample Modes

During a Survey, in the Detect mode measurement, a source may have been located and
closer scrutiny desired. Long or Fixed Sample modes may be used to achieve this. In Long .
Sample mode, a single spectrum is acquired for 30 or more seconds and analyzed once Count Time: 201
per second for alarms. Fixed Samples are treated similarly but have preset durations of 5, |Press Select to Acknowledge
10, 15, 20, 25, 30, 60, 120, or 300 seconds. In Long Sample mode, the live spectral S: Elevated radiation or beta
display can be viewed. Long and Fixed Sample spectra and analyses are saved in the

ICD1/ICD2 file pair for the Survey, along with the rolling-window and cumulative-analysis Long Sample Mode with Selectable
data. Spectral Display.

“End Survey Report”

A Survey is started manually or automatically, as described above. Apart from the Detect mode operation, a survey may include either
single or multiple long or fixed sample mode measurements. When a Survey is terminated by the operator, an “End Survey” summary
report is displayed containing the following:

* Any alarms derived from the 8-second rolling window mode of operation which starts every survey,

* Any alarms derived from an analysis of a cumulative spectrum representing the summation of all the 1-second slices gathered
during the survey, (thereby attempting to ID any low intensity components which the rolling window analysis might have missed; the
cumulative spectrum and analysis data are added to the ICD1/ICD2 file pair for the survey.

¢ Any alarms derived from those Long and Fixed Sample measurements included in the survey.
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Modes of Operation: HX-LCX Operation — For the Expert Source Con

The LCX mode is “Low Confidence Expert” mode. This mode is password protected, and
displays threat alarms and identifications at an approximately 30% lower confidence level
than normal. This results in more “hits” on suspected threat nuclides, and is recommended
for use by experienced personnel. Normal mode operation, in contrast, would either not
post a threat alarm because the confidence level is too low, or would simply post an
elevated radiation or beta alarm rather than listing a specific radionuclide.

LCX Mode Real Time ID Area —
Suspect Identification.

The -HX and Background Radiation — No more NORM alarms.

The -HX can distinguish between radioactive materials in the environment and the sample, so it does not indicate the presence of
activity which is actually due to background. It does this by making periodic background measurements according to a schedule. A
user with password access can choose the number of days between required background checks. If the required background update
is not performed, the -HX permits unlimited passive monitoring but will not enter Survey Mode. However, even with an expired
background, the -HX provides proper, real-time identifications of SNM, RDD, and other threats.

The -HX and Digital Stabilization — Making the best of it.

Although a digital germanium spectrometer is a highly stable instrument, even with varying temperatures, the -HX is designed for use
in conditions that could be considered extreme (which certainly are not recommended but, within the specified mechanical and
environmental limits, are not a barrier to correct operation). An automatic gain stabilizer system “locks onto” the natural background
K-40 peak (if present) to ensure “perfect” calibration is maintained even in conditions of harsh handling. The stabilizer is “smart.” If

either the K-40 is determined as being absent, or if a potential gamma-ray interference with the K-40 peak is determined to be
present, the stabilizer will be held at a constant setting.

Table 1. -HX Nuclide Library.

HEU Enriched Uranium U-235 Pu-239 Np-237 U-233

Neutron CR (xx.x cps) |[Neutrons Present U-238 U-232 U-232/Th-232 Am-241

Am-241 (Shielded) Am-241 (59.5 keV) Ac-225 Ac-227 Ag-110m Ar-41

As-72 As-74 At-211 Au-198 Ba-133 Ba-140

Be-7 Bi-207 Bi-212 (Th232/U232 Bi-214 (Ra226 Br-76 Br-76 (shielded)
daughter) daughter)

Er:;f dg:)avuy Br-77 Ca-47 Cd-109 Cd-115 Ce-139

Ce-141 Ce-144 Cf-252/Cf-249 Cm-242 Cm-243 Cm-244

Co-56 Co-56 (shielded) Co-55 Co-57 Co-58 Co-60

Cr-51 Cs-131 Cs-134 Cs-137 Cu-64 Cu-67/Ga-67

Eu-152 Eu-154 Eu-155 Eu-156 Fe-18 Neutrons on Fe

Fe-59 Ga-64 Ga-64 (shielded) Ga-67 Ga-67 (shielded)

Ge-68/Ga-68 Gd-153 Gd-159 Hf-181 Hg-203 Ho-166m

Ho-166m (shielded) Ho-166 1-123 1-123 (shielded) 1-124 1-125

1-126 1-126 (shielded) 1-131 1-131 (shielded) 1-132 1-133

1-134 1-135 In-111 Ir-192 Ir-192 (shielded) Os-194/Ir-194

Ir-194 (shielded) K-40 Kr-87 Kr-88 Kr-88 (shielded) La-140

Lu-172 Lu-176 Lu-177 Lu-177m Mn-52 Mn-54

Mn-56 Mo-99 Na-22 Na-24 Nb-94 Nb-95

Nb-96 Nb-96 (shielded) Nd-147 Pa-231 Pb-203 Pd-103

Rh-105 Ru-97 Ru-106/Rh-106 Po-210 Pr-144 Ra-223

Ra-226 Ru-103 Sbh-124 Sb-124 (shielded) Sb-125 Sbh-127

Sc-46 Se-75 Sm-153 Sm-153 (shielded) Sn-113 Sr-82/Rb-82

Sr-85 Sr-89 Sr-90/Sr-89/Y-90 Ta-182 Tc-96 Tc-99m

Te-132 TI-201 TI-200 TI-202 TI-204 Th-229

Th-230 Th-232 Tm-170 Tm-171 W-188/Re-188 Xe-127

Xe-133 Xe-131m Xe-135 Y-88 Y-91 Yb-169

Zn-65 Zn-62 Zr-95
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The -HX Nuclide Library

The Micro-Detective-HX has a very comprehensive nuclide list. A subset of the entire nuclide library is the default “Threat Isotopes”;
these are marked in RED in the table. The advanced user is able to add any of the nuclides marked in GREEN in Table 1 to the list of
red-marked threat isotopes. The color coding in the table shows the default background screen colors and visual alarms the
instrument will present when these nuclides are encountered. The YELLOW “suspect” alarm will be posted on the basis of excessive
gamma count rate not consistent with the identified nuclides, in other words, either unknown nuclides are present or a beta emitter is
present.

Micro-Detective-HX Offline Analysis Program

¢ Views the spectral contents of -HX data files, real time and live time for each spectrum contained in each, radioactive sources
identified (if any), and alarm types associated with each identification.

* Reanalyzes the data set with different nuclide libraries (at present there is only one).

* Exports all spectra in an -HX file to a set of ORTEC .CHN format spectrum files. The .CHN files can then be viewed and analyzed in
more detail in ORTEC applications such as the GammaVision-32° Gamma-Ray Spectrum Analysis and MCA Emulator (A66-B32).

The Micro Detective-HX Offline Analysis Program is a utility supplied with every instrument. It is run on a PC and provides extended
functionality for use post-analysis.

The key features of the program are listed below.
1 Toolbar — Click to issue the main program commands.

2 File Information Section — Displays the name of the ICD1/ICD2 file pair currently open; its Location; and the Instrument with
which it was acquired, including the firmware Version and the unit’'s serial number (ID).

3 Spectra List — Lists all the component spectra in the current ICD1/ICD2 file pair, including the background spectrum, any 8-second
“rolling window” Detect Mode spectra, any Long or Fixed Sample spectra, and the final cumulative spectrum.

4 Export Button — Exports all the component spectra in the current ICD1/ICD2 file pair to a set of ORTEC .CHN format spectrum
files.

5 Analysis Results Section — Lists the nuclides found (if any), including the threat type (innocent, suspect, or threat), dose rate in
mrem/hr, and confidence level (H — high or L — low). In conjunction with this list, the three simulated LED readouts “light” according
to the innocent (green), suspect (yellow), and/or red (threat) nuclides identified.

6 Spectrum Window — A full-

scale display (0 to 8191 channels) « * HPRDS Offtine Analysis
of the currently selected spectrum, 1 vowicoiicoz,._resats - 1001 okt | soctrry.
. . Files
in counts per channel, with Locatin - CADocuments snd Setinge\Sirgey. Elzabathby . .
. . . . . 5, 21 i
logarithmic vertical scaling. This > b2 HPHDS-7 25600081530 TOSPEAS-EO01 Ak 01 nd2 bz sl 5
window includes a vertical marker Insirumen Nesiehie | i iy Coniidence
. . . Type Radionuci jentifier Am-241 (535 keV) eat 000752 H
line which can be moved with the Madscue: CATEC e Cos0 st 0000149 H
odel icroD etechved
mouse. ?El‘.ls\oh ?;_;SHNS
Made: Measue

7 Marker Information Line —

) Library Channels: 0 to 8191
Shows the energy, in keV, and Nane. Counts: Log
counts per channel for the current o

7 pectia
marker pOSItlon- 3 D Type Live Time (5] Real Time (5] Notes

bkg background 2103280 2110420
AF woling 7.930 8.040
&3 roling 8.020 8160
a10 toling 8.080 8280
a11 toling 7.920 8200
A2 toling 7.920 g.280
ALCT long count 10520 11.260
A3 tolling 7.950 8.400
H14 1oling 8.060 8.580
Al5 1oling 7.920 8,500

4 [ Energy 1171089 keV  Counis 1 7
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Micro-Detective-HX Technical Specifications
Dose Rate Visual over range indication and continuous audible alarm, user settable. Over-ride alarm at dose rates >10,000 pySv/hr.

Internal HPGe Detector P-type high-purity germanium. Coaxial construction.
Crystal Nominal Dimensions 50 mm diameter x 30 mm length.

Cryostat and Cooler “Hardened” cryostat, with high-reliability, low-power Stirling cooler. The cryostat design is such that the Micro-
Detective-HX may be switched off at any time and power subsequently re-applied, without having to wait for a full thermal cycle (full
warm up before cool down), as is normal practice with a HPGe detector system. This feature greatly increases system availability
during measurement campaigns.

Gamma Dose Rate Detector Two detectors determine the gamma dose rate over a wide range from <0.05 pSv/h to >10000 pSv/h, a
dose-rate range of around six decades. For low dose rates, below ~20 pSv/h, the dose rate is determined from the Ge detector
spectrum. For dose rates above this value, the internal compensated GM tube is used. Instrument switches between the two
automatically.

Dose Rate Uncertainty —50% to +100%; continuous audible alarm at dose rates >10,000 pSv/h (fixed maximum threshold), user
settable threshold below this.

Internal Neutron Detector Module Single *He tube: 4" active length, 0.5" diameter, 20 atm He® fill pressure. High density
Polyethylene moderator. 5.5 in x1.3 in x 1.3 in. approximately.

Digital MCA and Data Processor
Display VGA 640 x 480 TFT sunlight readable, touch sensitive, operate with finger or stylus.
Data Processor Marvel 806 MHz XScale.

Data Storage
Media To internal RAM and removable SD card.

Storage Scheme In passive monitor mode, no data files are saved. In Survey mode and Long and Fixed sample mode, ICD1 and
ICD2 files are stored.

File Format DNDO ICD format (similar to ANSI N42.42) for data and results.

These files may be read, reanalyzed and exported to the Micro-Detective-HX Offline Analysis Program, which is included with the
instrument. Exported files are in the well known ORTEC “.CHN” format and may be read by many programs used by Reachback
teams such as CAMBIO and by ORTEC Products such as MAESTRO-32 and GammaVision-32.

Computer Interfacing USB connection to laptop. Data transfer by Microsoft® ActiveSync.
Wi-Fi (802.11) communication software optionally available.
GPS Internal NMEA compliant WAAS capable.
Digital MCA with Internal Storage of Multiple Spectral Data
Digital Noise Suppression "LFR Filter" ORTEC Patent Pending.
Conversion Gain 8k channel.
Maximum Number of Stored Spectra Unlimited on removable media.

Maximum Overall Dimensions (including handle, Ge detector endcap and shock absorbers) 14.7 inL x 5.75in W x 11 in H
(37.4cm L x14.6 cm W x 27.9 cm H).

Weight 15.2 Ibs (6.9 kg).
Internal Battery Lithium lon. >3 hours of battery life at 25°C when HPGe detector is cold. <4 hour time to charge.

External Battery Battery lifetime may be extended indefinitely by the use of external battery packs. DETECTIVE-OPT-15 is
recommended, weighs less than 3.25 Ibs and extends lifetime to >10 hrs.

Input Power 10 to 17V DC from battery or DC power supply (universal mains supply included). Battery charger circuit is inside
instrument.

Power Usage Strongest during cool down: <100 Watt. While charging Battery: 5A nominal. Cold with fully charged battery <2A.
External Power DC Input and battery Charge Input. 2.5 mm coaxial connector with locking screw on collar.
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Temperature
Operation Range: —10°C to 40°C.
Relative Humidity: <90% at 35°C, non-condensing.

Instrument Enclosure Sealed against ingress of dust and water. All perforations are sealed by rubber plugs (connectors, memory
cards, etc.). Instrument is not designed to tolerate immersion.

External Connectivity to System
1 SD (Secure Digital) card slot (3.3 V).

1 USB connection for "ActiveSync" capability or MCA operation with external computer (ActiveSync and remote display software
included).

Wi-Fi 802.11 communication software optional.
1 Audio headphone jack.

Cool Down Time The high reliability cooler is designed for continuous operation. Between making measurements the unit is powered
from a DC supply, car battery or other high capacity device. Initial cool down time depends on ambient temperature, but is typically
<12 hours at 25°C.

Communication Software The Micro-Detective-HX is a member of the ORTEC CONNECTIONS family. Remote MCA control and
individual spectrum download, even over a network, is achieved simply, by the use of ORTEC CONNECTIONS products such as
MAESTRO-32 MCA Emulation software.

Multiple spectra may be block-transferred from the instrument controller to external PCs by the use of Microsoft ActiveSync. Third
party products such as SOTI “Pocket Controller Enterprise” may be used to implement the 802.11 wireless feature to provide remote
wireless control of the complete Micro-Detective-HX.

Ordering Information

Model Description

MICRO-DETECTIVE-HX Light-Weight, Portable HPGe Identifier (Gamma and Neutron). Includes GPS, mains adapter,
battery cable, shoulder strap, softside carry case and Microsoft ActiveSync software.

MICRO-DET-HX-PKG-1 Includes MICRO-DETECTIVE-HX Light-Weight, Portable HPGe Identifier (Gamma and Neutron),

GPS, mains adapter, battery cable, shoulder strap, Microsoft ActiveSync software, A65-B32
MAESTRO-32 software, and hardside wheeled transport case.

MICRO-DET-OPT-1 Rugged, waterproof, wheeled transport case.
DETECTIVE-OPT-15 Ultra battery extender.

Specifications subject to change

032409
T ® www.ortec-online.com R
a R E c Tel. (865) 482-4411 » Fax (865) 483-0396 ° ortec.info@ametek.com AMETEK

801 South lllinois Ave., Oak Ridge, TN 37831-0895 U.S.A. ADVANCED MEASUREMENT TECHNOLOGY
For International Office Locations, Visit Our Website
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