World's Most Powerful Laser Gets Government Go-Ahead

ELI Will Outshine The Mega-Powerful Laser of the National lgnition Facility Department of Energy

Who knew it would take so long to approve a project to build the worid's most powerful lasers? Lasers are awesome. But after reconciling some paitry funding issues, the
Commission finally approved the Extreme Light Infrastructure (ELI) project, which plans to build three superlasers by 2015.

The lasers will be the first to operate in the exawatt scale--a quintillion watts. That's about a million times more powerful than 10 billion 100-watt lightbulbs. And a fourth st
should be forthcoming. one with beams twice the power of these three. This is the laser that was theorized to be the st powerful laser possibie

The iist of implications for this never-before-seen technology is iong, reaching into cancer diagnosis and treatment, elimination of nuclear waste, broadening of the technc
and expansion of nanoscience and molecular chemistry research.

Several countries competed for the honor of hosting the laser £LI's most Important research laser will find its home in the Czech Republic while the other two wiil reside |

and Romania.
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Higgs boson corralled by CERN
detectors

By Dan Vergano., USA

An international phyvsics team reports a narrowing of hiding
TODAY

places for the elusive physics particle, the Higgs boson.
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Before a packed audience, Europe's CERN laboratory hosted a
fuesday briefing on the results of two Large [Hadron Collider
experiments that simashed protons (the positivelv-charged sub-
itonie particles at the center of atoms) together at near-light
speeds to look for signs of the long-sought "God Particle™. The
teams report two detector experiments have narrowed the
ange of energies at which the particle emerges from proton
sntashups to 115 to 130 Gigaelectronvolts (@ measurement of
particle energy cquivalent to i mass of
(OOOOOO00OVUO00205 L0 .000000000000002:42 T(llngr;nn S

for the particles, tor anvone keeping score).

Phe window for the Higgs Boson zets smaller and smadler
X

Flosvever, itf's sodl ative,” sind CERN divector Roif-Dicter Heuer

i the conclusion of the brieting, The [iggs boson (named qtter

stent.usatoday.com/communities/sciencefair/past/2011/1 2/h|ggsAbosonvc.orralled-by-cern-delectors!. :

Visit Science Fair for your daily i
dose of scientific news, from
dinosaurs to distant galaxies.

Science Fair is written by science
reporters Dan Vergano and

Elizabeth Weise and weather

reporter Doyle Rice. Their subjects

are often controversial — and always fascir
they stem-cell research, slime mold, or ur
slush on Mars. More about the team
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{ RN announces LHC to run in 2012

Tanuary 31, 2001 | 1109 am

CERN issued the following press release on January 31.

e Large Hadron Collider will restart m February.
Atter a short technical stop at the end of the year, it
will continue running through 2012,

CERN today announced that the LHC will run through to the end of 2012 with a short technical stop at the end
012011, The beam energy for 2011 will be 3.5 TeV. This decision, taken by CERN management following the
annual planning workshop held in Chamonix last week and a report delivered today by the laboratory’s machine
advisory committee, gives the LHC s experiments a good chance of finding new physics in the next two years,
betore the LHC goes into a long shutdown to prepare for higher energy running starting 2014.

“IFLHC continues to improve in 2011 as it did in 2010, we’ve got a very exciting year ahead ot'us,” said
CERN's Director tor Accelerators and Technology. Steve Myers. “The signs are that we should be able to
mcrease the data collection rate by at least a factor of three over the course of this year.”

e LHC was previously scheduled to run to the end 2011 betore going into a long technical stop necessary 1o
prepare it for running at its full design energy of 7 TeV per beam. However, the machine’s excellent pertormance
n s fiest tll vear of operation toreed a vethink. Expected performance improvements in 2011 should increase
the rate that the experiments can collect data by at keast a tactor of three compared to 2010, That would lead to
snough data being collected this year o bring tantalising hints of new physics. it there s new physics currently
wathin reach of the LHC operating at its current energy. However, to tumn those hints into a discovery would
equire more data than can be delivered inone vear, henee the decision to postpone the long shutdown. T there

s 1o new physies i the energy range currently being explored by the LHC . running through 2012 will uive the

el asine argroreaking 0T RO D com nnoanees-ibe-to-oin-n- 2012/



Total US tax collected for fiscal year 2010= 2,330,377,000,000 3 e - N
Tetal fefirde Fat 8 )2/010__ $ ,467 ’302 ’9;)3 ’0(?0 g Social Security: Another 20 percent of the budget, or $731 billion, paid for Social Security, which provided retirement
GlaLIc un. FBEIEIREC., HSdl yadt N 2 ’ i £ benefits averaging $1,229 per month to 35.6 million retired workers in December 2011. Social Security also provided
Actual US income $1.863.074.027.000 = benefits to 2.9 million spouses and children of retired workers, 6.3 million suniving children and spouses of deceased
. - . 2] g
Considered the most reliable download; could not find 2011 2 i workers, and 10.6 million disabled workers and their eligible dependents in December 2011.
Current social security expenditures $731,000,000,000 g = Eh Medicare, Medicaid, and CHIP: Three health insurance programs - Medicare, Medicaid, and the Children's Health
Latest medicare/ins expenditures $769,000,000,000 L ! Insurance Program (CHIP) - together accounted for 21 percent of the budget in 2011, or $769 billion. Nearly two-thirds of
Total expenditures for these added together $1.5 trillion = g this amount, or $486 billion, went to Medicare, which provides health coverage to around 48 million people who are over
Considered reasonable to use the data from two consecutive years 4 3 % the age of 85 or hawe disabilities. The remainder of this category funds Medicaid and CHIP, which in a typical month in-
Leaves the US federal government with $363,074,027,000, for the year. £ |f - 2011 provided health care or long-term care to about 60 million low-income children, parents, elderly people, and people
Current federal government expenditures 6.3 trillion g g E with disabilities. Both Medicaid and CHIP require matchmg payments from the states.
Every trillion dollars= one hundred million people payin $10.000.00 each. 3 : v Safety net programs: About 13 percent of the federal budget in 2011, or $466 billion, went to support programs that
o B . g 'ﬂ ';\‘:
Median average income (all workers) for year 2008 $33.048.00 £ 3 | provide aid (other than health insurance or Social Security benefits) to individuals and families facing hardship. Spending
Total us state government tax revenue for 2010 $514,626,256,000 g B o on safety programs declined in both nominal and real terms between 2010 and 2011 as the economy continued to
: e ~ . EE e : ' i
All States, tax income divided by 100 million workers= $5146.26 g 5§ improve and initiatives funded by the 2009 Recovery Act began toexpire. |1 1@ [= I & § [o' &' =
2 & & ’ = £ = 2 = 5 |
IL tax income taken: 2010 $21 BILLION/ SPENT: OVER 140 BILLION & o 3| mewcbpporglomslindex.cim?la=viewsid=1258 B EEEEE 2o
IL population 12,830,632 per citizen taken (babies and all) $1636.82. Q@ ¥ 1 - . | e g oL @ B “0’3‘1 |
P A ; [t = ) S L
IL DEBTS ADDED: for 2010 $119 billion. S 418 s s Bl g
: po— 2 x , 8' r -3
Federal tax expenditures per 100 million workers= $63,000.00 & s S0 et R | ®]
Total state and federal expenditure per 100,000,000 workers=  $68,146.00 ’'e 3 Total Spending by Function P ST | ﬁé
TOTAL debts for usa $121trillion. Total assets listed $155.2 trillion B oL 2 | Function Ly 2012 tyr Total Spending: $6.23 tm l * 9!
Divided by 308 million citizens= $504.056.81 EACH! Do you see the inflation? | Ip_ta!_smsi[ngf T s 3 oy cueege8 ;8
Do you see a problem? Claimed employment was 155 million current / minus P —';To il : 5 o5 5 o o 5 =N .,
T ensions ’ r | P . S N S i
unemployed 12,710,000 current 142,290,000 employed: 16 years and up, all civilian : o e 3 3 3 2 3 = EL, g
categories. Heaith Care $1.1 trillion s 3 s g § S g i &
http://www.irs.gov/taxstats/article/0.,id=102886,00.html yot ; 3
. . Education $0.9 trillion T W
http://www.cbpp.org/cms/index.cfm?fa=view&id=1258 %0 ?’5 oy -.3-
http://www.usgovernmentspending.com/illinois_state_spending.html . Defense $50.9 trillion ' 3;3 b il
http://www.bls.gov/eag/eag.il.htm 9% =551
- [l 23 (] Pl
http://www.federalreserve.gov/releases/zl/current/accessible/15.htm Welfare 50.7 trillion | ., usgovernmentspending.conf | 23 2 Lla 1
C . : S-~l5 ' .::‘ |
. SHElEa ; Click chart for table of Spendings 3&S Blol
Table 8. Amount of Refunds Issued, Including Interest, by Type of Refund and State, Fiscal Year 2010 source guesstimated? Sl EON %011 2012 2013 2014 3% : 3 2 g1 |
[Money amounts are in thousands of dollars.] i ’ : s_éj E ‘26 § :
Individual income tax, employment taxes, 3 £ -g S .n i \
and estate and trust income tax Appendix Table A-1. g =2 il
Total : SE A3 5 :
Internal in;”r:':f::es Estate Gift Excise Totals for Selected State Government Tax Revenue: 20107 R =1 I
State Revenue .2 Individual income  Estate and trust  Employment tax - tax taxes (Dollars in thousands) :
refunds [1] ' tax [1, 3] income tax taxes [4] ' ' i S B 0
State and U.S. summary Tota;ag;l;et:(l 'nlggni:'edutai' Corporation net Severance | Documentary and |
- : ! income tax tax stock transfer tax |
(1) (2) (3) 4 (5) (6) (7) (8) United States. .. . . 224,475,423 :
United States, total [5] 467,302,973 98,338,609 358,431,274 3,542,928 4,216,048 814,842 93,227 1,866,046 T : 236,352,511 38,176,588 11.071.812 4,249,924 |
ab. 6,515,251 1,117,862 5325526 16,657 37,860 8,582 535 8.229 ADAME s v smmsnmean 1 2,097,434 ; |
iy 879,488 58,095 797,797 12,230 9,224 374 0 1,768 DR oo s s v S e gigggg 90,538 30,354 |
Arizona 8,124,825 1,248,009 6,772,453 26,735 49,198 9,987 470 17,972 ANZONA o svgmwgn 50 1 4,409,603 2,416,324 413,193 e 0 |
Arkansas 3,146,961 182,511 2,924,183 8,913 21,345 2,666 2,300 5,043 Arkansas................. 2,615,290 2,091: 082 385,365 gg?ﬁ )
California 50,687,921 7,296,244 42,459,336 264,867 431,415 151,902 14,896 69,261 California................. 31,197,154 45,646,436 9 114'589 24'4 s
Colorado 6,844,894 985,178 5,707,501 40,842 59,392 15,164 1,758 35,060 COIOfadf} ................. 2,050,445 4,089,948 '3601003 5 -4£ "]
Connecticut 5,844,435 680.428 4,843,542 159,997 123,176 11,429 1,148 24,715 Connecticut . . .......... . 3,145,579 5,768,846 507'752 ’ 61 g
Delaware 2,855,777 1,417,552 101,786 223907 196,384 3,741 283 2,145 Ee'awa’ R - 853,107 142,417 il gg.g;s
District of Columbia 1,702,975 889,940 793,866 7.497 5529 5,510 46 286 lorida. .o 18,537,000 - 1,793,200 71,000 1.252. 5
Florida 28,009,554 2,700,650 24,719,760 214,039 223,774 78,609 4,551 68,170 | a 5 ! ! .500
Georgia 14,136,716 2,673,603 11,256,122 38,195 128,188 12,290 2,543 25,777 - H“-‘O'Q,'a R R 4,864,691 7,016.412 684,701 N 11,622
Hawaii 1502,019 107,085 1,371,234 5964 10,944 5,008 633 1,141 ; d‘:‘:a" ------------------- 2,316,434 1,527,790 79,853 = 29 887
Idaho 1.931,242 315,597 1584,248 3,330 13,838 11,554 186 2,490 linots, 1,126,671 1,068,754 98,327 6,730 "0
llinois 20,715,578 3829.715 16,232,126 381,767 205,446 24,869 1,584 40,071 i, ol B s 8,642,231 + 9433244/ 2,686,685 0 40,323 -
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L.5 Total Liabilities and Its Relation to Total Financial Assets

Billions of dollars: amounts outstanding end of period, not seasonally adjusted

Page 1 of 1

http://www.irs.gov/taxstats/article/0,,id=102886,00.html
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All sectors: eredit market inslrumcnls.‘.imhllil} 08757 53296.6 | 330638 | 326835 s26668 | 529409 333331 53553,7. 534994 | 538274 f 541343 1
All sectors: LS. official reserve assets. liability 67.3 742 175.1 1701 165.7 177.0 175.8 184.3 189.3 1864 183.8 2
Monctany authority. SDR certilicates issued by federal government: asset 22 22 52 52 52 32 32 3.2 52 3.2 52 3
Federal government. Treasuny curreney : liability 274 26.6 262 20.2 262 259 259 259 259 259 259 4
Rest o the world: US. privaic deposits: liability 1340y 946.7 840.6 /417 8795 RR7.9 912.3 937.7 941.7 9335 86,1 3
Financial business: net interbank transactions: liability RY.0 1R90.5 8 12813 L9410 1139.4 10293 1091.6 1802.4 1917.9 19794 19135 6
Financial business. checkable deposits and currency @ hability 13329 21013 2093.4 20671 21731 2181.2 2359.8 21933 23140 2403.7 2302.6 7
Financial business: small time and satings deposits: liability 32245 37493 63265 6439 4 64434 6339.7 6624.9 67415 HRUR K 70657 72028 H
Financial business: large ime deposits: liability 23822 2191.6 19898 1887.8 17993 1836.9 1807.5 18118 IR15.3 1638.4 . 16028 9
Money market mutual funds: wotal linancial asscts 30331 37573 32383 2930.7 2760.4 27461 27553 2679.4 26378 2578 4 26425 10
Financial business: federal funds and sceurity repurchase agreements: liability 21398 1270.3 1452.4 1461.3 132400 1290.6 12274 1258.5 1220.8 1067.2 1108.2 1
Mutual funds: total linancial asscls 7829.0 _'5:135‘3 69%61.06 7295.0 6764.2 7401.8 79345 84719 83705 75328 7935.9 12
All seclors: security credit: liability 15326.4 1255 I 1091.2 1108.8 1146.1 1737 12148 12581 13238 13809 13124 13
All sectors: life insurance reserves: liability 12005 1179.8 12421 1249.5 1235.7 1261.9 1278.3 1297.8 13112 1318.5 13389 14
Houscholds and nonprofit organizations: pension fund reserves: asset 1339071 104085 F 1191450 1229000 16102 § 123309 § 130883 0 134835 134128 124066 131600 15
All sectors: trade pay ables: liability 3398.0 32280 3204.2 32774 33137 3387.6 3403.0 3477.3 35534 36188 3679.0 13
All sectors: loxes pavable: liability 167.7 44.0 40.6 49.5 43.7 53.9 518 78.2 66.5 68.0 721 17
All scetors: tolal miscellancous liabilitics 174418 198469 §  19678.3 196237 | 204159 1 201494 | 204336 203187 | 2041660 216398 21267.7 18
All sectors: total liabilitics THIORO.T W 1125774 114647.2 f 114622.0 |l 1139124 | 1154209 § 117743.0 | 119604.1 f| 1200215 1 19757.0 | 121094.8 19
All domeslic scctors: monetany gold: asset 1.0 1.0 1o 1.0 1.0 1.0 1o 1.0 1.0 Lo (K] 20
All sectors: corporale equitics: assel 25580.9 f 15640.5 § 201232 210089 1 187335 § 210704 | 232490 245802 | 244515 2030000 222114 21
Houscholds and nonprofit organizations: propriclors’ cquity in noncorporate business R951.2 73146 64289 6632.0 T004.3 6717.7 7162.7 7169.3 71450 7525.8 72987 22
Instrument discrepancies: Treasury currency (scigniornge) -113 -12.1 -16.5 -16.5 -17.0 -17.3 -17.6 -17.9 -18.0 -18.2 -1R3 23
Instrument diserepancies. privale foreign deposits 1829 7358 6614 6640, 1 6848 670.6 679.6 713.6 688.7 701.3 6903 4
Instrument diserepancies: net interbank transactions. 21.1 37 86,1 RER] 74.0 69.4 6.8 753 833 104.2 894 25
Insirument discrepancies: federal funds and seeurity repurchase agreements 6H28.0 326 4109 462.0 4388 3593 2935.6 2234 208.8 186.7 172.6 26
Instrument discrepancics: taxes reccivable -174.8 -3453 -375.5 -371.4 -386.2 -388.5 -397.1 -3R0.0 -400.3 -3045 -401.Y 27
liscrey : total cli asscls TMTR L AR07.0 ) 529820 5203 | -SisL |l -53347 ) 33662 | 54278 -sds74 ] 3136l -ssnin 28

Instrument diserepancics. state and local govemments mail Noat 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 oo 20
Instrument discrepancics: federal goverment mail Moat 2y 12 2.0 1.4 -0.6 1.6 25 26 i 1.7 25 30
Instrument discrepancics: private domestic mail Moat 73 53 42 i3 34 35 32 33 34 39 4.1 31
Instrument diserepancics: trade receivables [REN] 1309 20R.3 221.7 162.0 2014 267.1 252.6 226.0 247.3 RN ky]
All sectors: total financial assels 1517067 | 139750 5 | [45527.6 || 146676.5 | 143883.2 § 147835.1 | 1526369 || 1559285 [ 1564211 1519250 § (35249 5 i3
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Return to Tax Stats home page

2010 Tax Stats Card

Summary of Collections Before Refunds by Type of Return, FY 2009 [1]

Number of Returns

Type of Return

‘Gross Collections

(Millions of $)

i

lIndividual income tax 144,103,375 1,175,422
‘Corporation income tax 2,475,785 2] 225,482

[Employment taxes 30,223,289 | 858,164

[Excise taxes 809,461 146,632

Gift tax 245 262 13,094 .
Estate tax 147,320

Selected Information from Returns Filed

Corporate Returns (TY 2007) [3]

umber filing with assets $250M or more

|

14,752

N
i
[ Percent of total corporate net income for firms with assets $250M or more

75.4%

|

S Corporation Returns (TY 2007) [3]

AN
i
{
i
i

Number of returns !

[P] 3,989,893

f

i Partnership Returns (TY 2008) [3]

| Number of returns ; 3,146,006
f Individual Returns

§Top 1-percent Adjusted Gross Income (AGI) break (TY 2008) [3,4] $380,354
Top 10-percent AGI break (TY 2008) [3,4] | $113,799
[Bottom 10-percent AGI break (TY 2008) [3.4] $5,942
Median AGI (TY 2008) [3 4] $33,048
Percent that claim standard deductions (TY 2008) [3] | 64.4%
|Percent that claim itemized deductions (TY 2008) [3] ’ 33.8%
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White House Press Briefing

World’s most powerful laser fires most
powerful laser blast in history

The largest laser in the world was turned on for a fraction of a second last
week -- and it unleashed the most powerful laser blast in history.

The N
Livermore National Laboratory in Livermaore, Calif. - turned on its 192

wonal lgnifion Bacility (NIF ) -- a laser test facility at Lawrence

laser beams for a brief instant on March 15, unleashing a record-setting
1.875-megajoule blast into a target chamber

are The lasers were combined. gatherad and focused through a senes of lens
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Norid s most power tul faser fires most powerful laser blast in nistory | Fox News
That pulse of energy lasted for just 23 billionths of a second, yet it
generated 411 trillion watts of power, NIF said -- 1.000 times more than
the entire United States consumes at any given instant.

It's a remarkable demonstration of the laser from the standpoint of its
energy, its precision, its power, and its availability,” Moses told Nature

Butit's barely half the battle. NIF hopes to dramatically increase the power
of the laser shots by the end of year, intending to ultimately use the facility
to harness the energy reaction that cccurs naturally within the sun: fusion.

“This event marks a key milestone in the National Ignition Campaign’'s
drive toward fusion ignition,” Moses said.

In fission, atoms are split and the massive energy released is captured.
The NIF aims for fusion, the ongoing energy process in the sun and other
stars where hydrogen and helium nuclei are continually fusing and
releasing enormous amounts of energy. In the ignition facility, beams of
light converge on pellets of hydrogen isotopes to create a similar, though
controlled, micro-explosion. '

As the beams move through a series of amplifiers, their energy increases
exponentially. From beginning to end, the beams' total energy grows from
one-billionth of a joule to a potential high of four million joules, NIF said -- a
factor of mare than a quadrillion.

And it all happens in about five millionths of a second.

Because the laser is on for the merest fraction of a second. it costs little to
operate -- between $5 and $20 per blast, said spokeswoman Lynda
Seaver. But the potential is enormous.

NIF's managers hope by the end of the year to reach a break-even point,
where the energy released is equal to if not greater than the energy that
went into the blast.

"We have all the capability to make it happen in fiscal year 2012," Moses
lold Nature.

Experts aren't so sure. citing challenges that NIF and other types of fusion
have had in the past.

Glen Wurden. a plasma physicist at Los Alamos National Laboratory in
New Mexico, told Nature scientists should be wary of putting all their eggs
in the laser basket.

Its premature right now,” he told the magazine, citing the troubles that

have plagued a competing approach to fusion and its flagship project in
F
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29412 High Energy Density Science. NIF & Photon Science

Science at the Extremes

When laboratory experiments begin at the National Ignition Facility in 2010, researchers will be able for the first time to study
the effects on matter ot the extreme temperatures, pressures and densities that exist naturally only in the stars and deep inside the
planets. Results from this relatively new field ot research, known as high energy density (HED) science, will mark the dawn of a new
cra of science. HED experiments at NIF promisc to revolutionize our understanding of astrophysics and space physics,
hydrodynamics, nuclear astrophysics, material propertics, plasma physics, nonlinear optical physics, radiation sources and radiative
propertics and other areas of science.

Anartist's concept ofa black hole in a binary system
shows a star (at right) feeding an accretion disk surrounding the black hole. The insert shows an image recorded by the Hubble Space
Telescope ofa massive black hole at the center of'the galaxy NGC4261.

NIF will achieve temperatures of more than 100 million Kelvin (180 million degrees Fahrenheit): densities ofabout 1.000 grams per
cubic centimeter; pressures more than 100 billion times as large as the Earth's atmosphere; and neutron densities as high as 10 per
cubic centimeter. Only three places in the space and time of our universe have ever produced anything close 1o these conditions: the
Big Bang, when the universe was born in a primordial fircball: the interiors of stars and planets: and thermonuclear weupons, Nothing
withm orders ofmagnitude of these extraordinary conditions has been available for laboratory experiments until now (see How 1o
Llake St Because these conditions are so extreme. the connection between NIF and astrophysics 18 certain to excite scicntisls
nterested inusing N1F 1o oy to understand the objects in the cosmos, even to the beginning of the universe.

EXHBIT B
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Science at the Extremes: Plasma Physics, NIF & Photon Science

Plasma Physics

Almost all of the observable matter in the universe is in the plasma state. Formed at high temperatures when electrons are strlpped fram
neutral atoms, plasmas consist of freely moving ions and free electrons. They are often called the “fourth state of matter” because their unique
physical properties distinguish them from solids, liquids and gases.
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yright 1526 Conterrporary Physics Education Project
of DOE fusion labs, NASA, and Steve Albers

Plasma densities and temperatures vary widely, from the cold gases of interstellar space to the extraordinarily hat, dense cores of stars and inside
nuclear weapon. On one end of the spectrum, plasma physicists study conditions of high vacuum, with only a few particles in a volume of one cubi
centimeter — about the volume of a sugar cube. On the other end of the density range, plasmas with densities sometimes well above 1,000 times
the density of a solid occur in stellar interiors and in laboratory experiments that attempt to reproduce the processes in the sun. Although we now
most commonly encounter plasmas in energy-efficient light bulbs, plasmas may hold their greatest potential as a future inexhaustible source of
energy (see Inertial Fusion Energy).

Two areas of plasma physics have been addressed with experiments using high-energy lasers and both are very relevant to the attempt to create
inertial fusion (see How to Make a Star). First are studies of the phenomena created by the laser interacting with the plasma. Of particular
importance in this area are two mechanisms of laser-plasma coupling: "stimulated Brillouin scattering” and "stimulated Raman scattering," two wa
the energy of the laser beam is shared with the plasma (see Laser-Plasma Interactions). Both effects need to be minimized in order to drive the
implosion of the ignition capsule as efficiently as possible.

The second area involves attempts to use the laser to emulate other phenomena occurring in nature. This research is also important to ipertial
fusion, but it extends well beyond that into fundamental areas of science, such as interpenetrating plasmas and plasma flow in a magnetic field.

The capabilities of NIF will allow production of hot dense plasmas that are sufficiently large and homogeneous to allow their detailed
characterization, and thus to study these phenomena. NIF will allow measurement of electron and ion temperatures, charge states, electron densit
and plasma flow velocities, all of which are essential for understanding experiments on the two basic areas of plasma physics described above.

More Information

Basic Research Directions for User Science at the National Ignition Facility, National Nuclear Security Administration and U.S. Department of
Energy Office of Science, November 2011

Taking on the stars: Teller ‘s Contrihutions to Plasma and Space Physics,” Science & Technology Review, July/August 2007
Cuplicating the Plasimas of Cistant Stars,” Science & Technology Review, April 1999

2rapactives on Plasmas - The Fourth State of Matter
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Recipe for a Small Star

® Tuakc a hollow, spherical plastic capsule about two millimeters in diameter (about the size ofa small pca)

¢ Fillit with 150 micrograms (less than one-millionth of a pound) of a mixture of deuterium and tritum, the two heavy isotopes of

hydrogen. :

® Take a laser that for about 20 billionths ofa sccond can generate 500 trillion watts — the equivalent of five million million 100-
walt light bulbs.

® [ocus all that laser power onto the surface of the capsule.

® Wait ten billionths of'a second.

® Result: one mmiature star.

In this process the capsule and its deuteriumetritium (D-T) fucl will be compressed to a density 100 times that of solid lead, and
heated to more than 100 million degrees Celsius — hotter than the center of the sun. These conditions are Just those required to initiate
thermonuclear fusion, the energy source of stars.

By following our recipe, we would make a miniature star that lasts for a tiny fraction ofa second. During its brief lifetime, it will
produce cnergy the way the stars and the sun do, by nuclear fusion. Our little star will produce ten to 100 times more energy than we
used to ignite it.

The idea for the National Ignition Facility (NIF) grew out of the decades-long effort to generate fusion bum and gain in the
laboratory. Current nuclear power plants, which use fission, or the splitting of atoms to produce energy, have been pumping out
clectric power for more than 50 years. But achieving nuclear fusion burn and gain has not yet been demonstrated to be viable for
clectricity production. For fusion burm and gain to occur, a special fliel consisting of the hydrogen isotopes deuterium and tritium must
first "ignite.” A primary goal for NIF is to achieve fusion ignition, in which more energy is generated from the reaction than went into
creating it,

NIF was designed to produce extraordinarily high temperatures and pressures — tens ot millions of degrees and pressures many billion
times greater than Earth's atmosphere. These conditions currently exist only in the cores of stars and planets and n nuclear weapons.
[na star, strong gravitational pressure sustains the fusion of hydrogen atoms. The light and warmth that we enjoy from the sun, a star
Y3 million miles away. are reminders ofhow well the fision process works and the immense energy it creates.

Replicating the extreme conditions that foster the fusion process has been one of the most demanding scientific challenges of the last
halt-century. Physicists have pursued a variety of approaches to achieve nuclear fusion in the laboratory and to harness this potential
source ofunlimited energy tor future power plants.

See How 1CE Works for a more detailed description of inertial confinement tusion.

2912 High Energy Density Science: NIF & Photon Science

Comnittee on High Energy Density Plasma Physics.
Natonal Research Council

Smwlation ofa Supernova Explosion

Supemova explosion simulationThe temperature at which hydrogen undergoes fusion m the
cores of stars for most of their lives is 10 to 30 million Kelvin, or 18 to 54 million degrees Fahrenheit — much lower than the
temperature expected to be achieved in the NIF target. This phase of stellar evolution occurs at a density of some 100 grams per
cubic centimeter, also well below what NTF will achieve. NIF's high pressures will permit planetary astrophysicists to study conditions
at the cores of massive planets such as Jupiter and to understand the transition between large planets and stars. The extreme neutron
density at NTF s larger than that achievedy by a core-collapse supernova — an exploding star — or when two neutron stars collide.

The conditions that NIF will produce will also permit research into:

e Materials at unprecedented pressures, and the possible phase changes that are certain to be discovered under these conditions
(see Planctary Physics).

® Plasmas, the material that makes up the stars and constitutes almost all of the known matter in the universe (see Plasma
Physics). The turbulent collections of electrons and ions that can carry clectrical currents and generate magnetic ficlds arc of
interest not only for the production of energy from laser fusion, but also to astrophysics (much of our understanding of extreme
objects, such as black holes, arises from studies of the X-rays emitted from the plasmas that are produced around them) and to
nuclear physics (under conditions that are similar to those that exist in stars, unlike the usual accelerator-based experiments. ).

e [nstabilities produced by laser fusion (see Laser-Plasma Interactions). Although these phenomena are the bane of laser fusion
researchers, they are the same instabilities that are praduced in some stellar objects, such as supernovae, and so will provide a
unique opportunity for astrophysicists to understand what makes stars, even exploding stars, operate the way they do.

More Information

‘Dawn otia New Era,” Commentary by NIF Associate Director Edward 1. Moses, Science & Technology Review, July/August
2007

“Preparing for the X-Games of Science,” Science & Technology Review, July/August 2007

“At Livermore, Audacious Physics [as Thrived for 50 Years." Science & Technology Review, May 2002

Lrontiers in High Fnergy Density Physics: The X-Games of Contemporary Science, Committee on High Encrgy Density Plasma
Physics, National Research Council, 2003

Comnecting Quarks with the Cosmos: Eleven Science Questions for the New Century, Board on Physics and Astronomy,

National Rescarch Council, 2003

“Science on the NI Energy & Technology Review, December 1994 (PDF)
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Animal-Human Hybrids Spark
Controversy

Scienlists nave hegun blurmng the fine betwaen numan and animal by
oreducing chimeras—a hybrid creature that's part human, part animal.

Chinese scientists at the Shanghai Second Medical University in 2003

successfully fused human cells with rabbit' eggss The embryos were repartedly the
irst human-animal chimeras successfully created. They were allowed to develop for
several days in a laboratory dish before the scientists destroyed the embryos to
nanest their stem cells.

In Minnesota last year researchers at the
Mayo Clinic created pigs with human blood
flowing through their bodjes.

2 Arnter Frenaly

] fAradto a Frend

S And at Stanford University in Califomia an
experiment might be done later this year to

93 create mice with human brains.

SHARE nat's

5

-

Stunpielpon L .
Scientists feel that, the more humanlike the

Veddn animal, the better research model it makes for
testing drugs or possibly growing "spare
RELATED parts,” such as livers, to transplant into

v humans.
“oditied Mee Stay Super-Fe—
Watching how human cells mature and
interact in a living creature may also lead to
the discoveries of new medical treatments.

Mahout Exereise

Fhunrescent Moe Herale Tene-
Transier Braartnrough

But creating human-animal chimeras—named
after a monster in Greek mythology that had a
lion's head, goat's body, and serpent's tail—
has raised troubling questions: What new

“Ace Uhed as 3ponm Factones for

5. Coals

Joned Fags Modified Tfor Lse n

subhuman combination should be produced
and for what purpose? At what point would it
be considered human? And what rights, if any,
should it have? :

Fman Transoldnis
Stienttic Bfalls Comphicate Cloning
Je:bate

Ant-Aging Driug ror Humans Hinted
There are currently no U.S. federal laws that
address these issues.

at by Worm Stucdy

Ethical Guidelines

The National Academy of Sciences, which advses the U.S. government, has been
studying the issue. In March it plans to present woluntary ethical guidelines for
‘esearchers

Animal-Human H

= ybrids S
For example, faulty human park Contraversy

h_g;:;jcvzl\es are rouﬁnefy replaced with ones taken from
e it i :'::?kes the recipient a human-animay chimera
bactoriae G LD entists have added human genes o

Continued on Next Page »>
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Synthetic life breakthrough could be
worth over a trillion dollars

Tan Sample. Joence correspondent
spardian.coouk, Thursday 20 Mav 2010 18,09 EDT

viticle history

[t was a dream that began nearly 15 vears ago. when Craig Venter, a Vietnam veteran
turned geneticist, resolved one day to create a genome from scratch — and with it, make
the first ever synthetic life form. Last night, in a dramatic announcement that led some
to accuse him of plaving God, Venter said the dream had come true, saying he had

created an organism with manmade DNA.

The feat, hailed as an epochal scientific breakthrough by some but an alarming
development by others, was achieved by scientists at the J Craig Venter Insititute in
Rockville, Marviand using little more than a computer, some common microbes, a DNA

svnthesizer and four bottles of chemicals.

Fhe result — after S4om (E28m) and more than a decade — is the first microbe that
thrives and replicates with only a synthetic genome to guide it. Every "letter” of its
senetic code was made in the laboratory and stitched together, forming an artificial

chromosome 1m characters long,

Despite the scale of the achievement. the organism in question could scarcely be more

lowly — it is based on a bacterium that causes mastitis in goats.

While scientists and philosophers have already begun to debate the potential
consequences and moral implications of the work, the motivating force for Venter is
commercial. s team has an even more ambitious dream: to ereate organisms that are
not onlyv new, but also lucrative. Venter has secured a deal with the oil giant ExxonMobil
to create algae that can absorb carbon dioxide from the atmosphere and convert it into

fuel — an innovation he believes could be worth more than a trillion dollars.

The new bacterium, Venter said, is “the proof of the concept that we can make, in
theory, changes across the entire genome of an organism, that we can add entirely new
fnetions, climinate those we don't want, and create a new range of industrial organisims
that put all of their effort into doing what we want them to do. Until this experiment
worked, the whole field was thearetical, Now it is real.”

Forereate the organism, Venter's team began with a computer reconstruction of the
senome of acommon bacterivm, My coplasima myeoides. The information was fed into a

ENA svathesizer which produced short strands of the bug's DNA These strands were

ELH/BIT C
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reassembled them.

\ter several rounds, the scientists had picced together all 1m letters of the bacterium's
senome. Tomark the genome as svnthetic. they spliced in fresh strands of DNA. cach a
viological "watermark” that would do nothing in the final organism except carry coded
messages, including aline from James Joyee: "Tolive, to err, to fall, to triumph, to

recreate life out of life.”

The crucial step came next. The scientists took the synthetic genome and transferred it
nto another kind of common bug. As this bug multiplied, some of its progeny ditched

their own DNA and began using the synthetic genome. Then the transformation began,

‘It's pretty stunning when vou just replace the DNA software in the cell. The cell
nstantly starts reading that new software, starts making a whole different set ot
proteins, and in a short while, all the characteristics of the first species disappear and a

new species emerges,” Venter said.

Venter calls the organism a "synthetic cell” because it survives thanks to a manmade
senome, but apart trom the watermarking woven into its DNA, it behaves like any other
M. mycvides. Some scientists argue it is not a new kind of life, but others say that does
not detract trom the feat. "This is a remarkable advance,” said Paul Freemont, a
svnthetic biologist at Imperial College London. "The applications of this enabling

technology are enormous.”

But the work drew immediate criticisim from others who fear it could trigger an
environmental disaster or hand a gift to terrorists bent of developing weaponised
microbes. "This is a step towards something much more controversial: ereation of living
beings with capacities and natures that could never have naturally evolved,” said Julian
Savulsescu, an ethicist at Oxford University. "T'he potential is in the far future, but real
and significant: dealing with pollution, new energy sources, new forms of communication.
But the risks are also unparalleled. These could be used in the future to make the most
powertul bioweapons imaginable.”

Pat Mooney, of the ETC group, which opposes synthetic biology, said: "This is a
Pandora’s box moment. Like the splitting of the atom or the cloning of Dolly, we will all

have to deal with the fallout from this alarming experiment.”

Venter agrees that stringent regulations are needed to ensure synthetic organisms do
not escape and cause damage. "It's clearly a dual-use technology and that requires
immense responsibility for whoever's using it,” he said. "We are entering an exciting new
era where we're limited mostly by our imaginations."

And it the microbe were, somehow, to escape the tight security of Venter's lab? "[t will
not grow outside the lab unless it is deliberately injected or sprayed into a goat. And we

don’t work with goats.”
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Alerl. Syntheltic Biology is 'Extreme Genetic Engineering' and Far More Dangerous
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Alert: Synthetic Biology is 'Extreme Genetic
Engineering’ and Far More Dangerous
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Straight to the Source

A new report by the ETC Group concludes that the social,
envronmental and bio-weapons threats of synthetic biclogy surpass
the possible dangers and abuses gf biotech. The full text of the 70-
oage report, Extreme Genetic Engineering: An Introduction to
Synthetic Biclogy, is available for downloading free-of-charge on the
ETC Group website: www.etcgroup.org

"Genetic engineering is passe," said Pat Mooney, Executive Director
of ETC Group. "Today, scientists aren't just mapping genomes and
manipulating genes, they're building life from scratch - and they're
doing it in the absence of societal debate and regulatory oversight,”
said Moaney.

Synbio - dubbed "genetic engineering on steroids" - is inspired by

the comergence of nano-scale biclogy, computing and engineering.
Using a laptop computer, published gene sequence information and mail-
order synthetic DNA, just about anyone has the potential to construct
genes or entire genomes from scratch (including those of lethal
pathogens). Scientists predict that within 2-5 years it will be

possible to synthesise any virus; the first de nowo bacterium will

likely make its debut in 2007, in 5-10 years simple bactenal genomes
will be synthesised routinely and it will become no big deal to

cobble together a designer gencme, insert it into an empty bacterial
cell and - voila - give birth to a living, self-replicating organism.

Other synthetic biologists. hope to reconfigure the genetic pathways
of existing arganisms to perform new functions - such as
manufacturing high-value drugs or chemicals.

A clutch of entrepreneurial scientists, including the gene maverick

J. Craig Venter, is setting up synthetic biology companies backed by
government funding and venture capital. They aim to commercialise new
biological parts, devices and systems that don't exist in the natural
~orld - some of which are designed for environmental release.
Adwacates insist that synthetic biology is the key to cheap biofuels,

a cure for malaria. and climate change remediation media-friendly
goals that aim to mallify public concerns about a dangerous and
controversial technology. Ultimately synthetic biology means cheaper
and widely accessible tools to build bioweapens, vrulent pathogens
and artificial organisms that could pose yrave threats to people and
the planet. The danger is not just bio-terror. but “bic-error,” warns
ETC Group

29/12 Alert: Synthetic Biology is 'Extreme Genetic Engineering' and Far More Dangerous /”/5/ f
g synthetic life could be concentrated in the hands of major

muitinational irms. As gene synthesis hecomes cheaper and faster. it
amil become easier to synthesise a microbe than to find it in nature c
r retnene it from a gene bank. Biological samples, sequenced and
stored in digital form, will move instantaneously across the globe
and be resurrected in corporate labs thousands of miles away - a
practice that could erode future support for genetic consenvation and
HHES SO create new challenges for intermational negotiations on biodiversity
2iihtic ations
‘Last vear, 38 civl society organizations rejected proposals for
self-regulation of synthetic biology put forth by a small group of

' - synthetic biologists," said Kathy Jo Wetter of ETC Group. "Widespread
debate on the social, econamic and ethical implications of synbio
RIS must come first - and it must not be limited to biosecurity and
G Seniisors biosafety issues,” said Wetter.
Tuying Guide
SCA Action Center The tools for synthesising genes and genomes are widely accessible
OCA Press Center and advancing at break-neck pace. ETC Group's new report concludes

\GA En Espanol that it is not enough to regulate synthetic biology on the naticnal

level. Decisions must be considered in a global context, with broad

Intern with QCAl participation from civl society and social movements. In keeping
with the Precautionary Principle, ETC Group asserts that - at a
minimum - there must be an immediate ban on envronmental release of
de novo synthetic organisms until wide societal debate and strong

governance are in place.

Synthetic Biology Report Goes to World Social Forum

ETC Group wil host three workshops and participate in several other
avents at the upcoming World Social Forum in Nairobi, 20-25 January.
All events will lake place at the Mai International Sporis Center
(Kasarani suburb). ETC Group's workshops and other events in which
-Ne‘il participate appear below. Watch our web site for updates:
www.etcgroup.org'>

January 21:
“What Next?" Hosted by the Dag Hammarskjold Foundation

January 22:
"Ban Terminator! The Global Campaign to Ban Terminator: from Brazil
(2006) to Bonn (2008)" ETC Group workshop

“Regaining contral of our natural resources” Hosted by Friends of the
Earth International

"New technologies - implications for health, environment & democracy”
Hosted by the Dag Hammarskjold Foundation

January 23:

‘From Biotech to Manotech and back again - Synthetic Biology and Mano
Foods: New technologres that will challenge human society and Food
Sovereignty” £ TC Group workshop

"The New Paolitics of Food in Africa: Gates Foundation. the Second
Green Revolution and the role of intemational institutions" ETC
Group workshop
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