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Climate change is a terrific illustration 
because it is an intensely researched sci-
entific topic and a contentious public issue. 
It brings together scientific understand-
ing, policy, and politics, and it is both po-
litically challenging and crucial to every-
one’s future.

So what are the scientific conclusions 
at the foundation of evidence- informed 
policy deliberations on climate change?
‣ Climate change is extraordinarily 

dangerous to humanity and all life. That 
is because climate, and its stability within 
a relatively narrow range, is a requirement 
for life as we know it. The global change 
in climate people are causing is larger 
and faster than any humanity is known 
to have endured since beginning the so-
cietal transition from hunting and gath-
ering to agriculture.1 The physical char-
acteristics of the planet, biological systems 
and the resources they provide, and so-
cial institutions that humans have cre-
ated all depend heavily on climate, are 
central to human well- being, and are sen-
sitive to climate change.
‣ Solutions are available and highly 

promising—a serious reason for opti-
mism. Greenhouse gas emissions are an 
economically harmful market failure—a 
classic example of an economic external-
ity. Those who emit pollution to the atmo-
sphere shift the costs of climate damage 
onto everyone, including future genera-
tions. Making emiĴers pay for all the 
costs of their use of the atmosphere would 
help correct that failure and thereby im-
prove economic well-being. Regulatory 
approaches can speed the adoption of best 
practices and beĴer technologies, or pro-
mote fairness and the public interest. As 
a result, reducing greenhouse gas emis-
sions can increase climate security, na-
tional security, the well- being of people 
and biological systems, and economic vi-
tality. Existing and emerging technologies, 

such as rooftop solar panels, electric vehi-
cles, and electric heat pumps, can reduce 
greenhouse gas emissions, improve air 
quality in homes and cities, and often pro-
vide superior products or services. Build-
ing resilience against climate impacts 
makes communities stronger and beĴer 
able to deal with both existing vulnera-
bilities and emerging threats.

Comprehensively addressing the dan-
gers of climate change will require two 
things: reducing, and ultimately eliminat-
ing, climate pollution as soon as possible 
and building the capacity to avoid—when 
possible—and otherwise overcome the 
consequences of climate change.
‣ Broad scientific conclusions, like 

those described briefly here, result from 
decades of intensive research and ex-
amination. The scientific evidence has 
been assessed comprehensively and re-
peatedly by independent experts con-
vened by highly respected scientific insti-
tutions. Accuracy is central to credibility 
for scientific institutions, including the 
US National Academies of Sciences, En-
gineering, and Medicine; the American 
Meteorological Society (for which I work); 
and the American Association for the 
Advancement of Science, all of which 
have assessed climate science. I am not 
aware of any contradictory assessments 
from a credible scientific institution. Peo-
ple who target public audiences with mes-
sages that contradict broad scientific con-
clusions are not credible.

People are changing climate, and it 
poses serious dangers to humanity. A wide 
range of response options are well under-
stood and would be broadly beneficial, if 
implemented. Scientists who are up to 
speed with the evidence have the oppor-
tunity to help inform societal delibera-
tions on climate change. That contribu-
tion will be crucial for the advancement 
of evidence- informed policy responses. 
If scientists, recognizing that societal de-
cisions go beyond science, provide infor-
mation so that it enables broad public 
participation in decision making, even 
among those whose values and prefer-
ences differ, then they will simultane-
ously advance science and strengthen 
the broader society that they serve.

Therein lies an even greater opportu-
nity for scientists and humanity. If scien-
tists can engage effectively with the 
broader society to address the climate 
problem, they may contribute to a tem-
plate for the wide range of challenges 

and opportunities facing humanity at 
this point in the 21st century.
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Antiquark asymmetry

I
t was interesting to read the item by Jo-
hanna Miller (PѕѦѠіѐѠ TќёюѦ, May 2021, 
page 14) on the asymmetry between up 

and down antiquarks in the proton. It does 
indeed provide fascinating insight into 
the quark structure of the proton and es-
pecially the role of chiral symmetry, which 
requires that the proton be surrounded 
by a pion cloud.

But I feel that it is necessary to add a 
liĴle to the incomplete discussion of the 
history of that asymmetry discovery. Using 
the cloudy bag model, which successfully 
incorporates chiral symmetry into the MIT 
bag model, I predicted the asymmetry1 in 
1983, almost a decade before the violation 
of the GoĴfried sum rule was experimen-
tally confirmed.2

The mechanism is the dominance of the 
π+–neutron configuration when the pro-
ton emits a pion. The pion contribution to 
deep inelastic scaĴering was first men-
tioned by J. D. Sullivan and Richard Feyn-
man and is often referred to as the Sulli-
van process. In 1983, however, almost no 
one in the high-energy-physics commu-
nity took the idea of a contribution from 
the pion cloud seriously, as deep inelastic 
scaĴering was such a short-distance phe-
nomenon; the constraints of chiral sym-
metry there were not understood. Cer-
tainly no one else, including Sullivan, had 
discussed the process as a source of flavor 
asymmetry.

In a November 2021 leĴer (page 11), 
Edward Shuryak describes an alternative 
explanation of the effect and suggests that 
laĴice quantum chromodynamics can be 
used with the Δ baryon to test the mech-
anism. The idea of using laĴice quantum 
chromodynamics calculations of the Δ+ 
to test the role of chiral symmetry in gen-
erating such an asymmetry was published 
several years ago.3 In particular, one can 
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expect a significant enhancement of the 
asymmetry as the pion mass approaches 
the Δ–nucleon mass difference from above.
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ITER’s net loss

I
n July 2020 PѕѦѠіѐѠ TќёюѦ published a 
leĴer from Wallace Manheimer (page 
10) wriĴen in response to the article 

“The challenge and promise of studying 
burning plasmas” by Richard Hawryluk 
and Hartmut Zohm (December 2019, 
page 34). Manheimer criticizes the inter-
national fusion experiment known as 
ITER and the prospects for commercial 
fusion. I would like to point out an error 
in Manheimer’s calculation, which, as it 
turns out, further supports his criticism.

Manheimer asks what the results of 
ITER would mean for power produc-
tion. He applies a conservative thermal-
to- electric power conversion factor of 
one-third to the projected 500 MW ther-
mal output of ITER, and from that he 
concludes that ITER would generate a 
gross output of approximately 170 MW 
of electricity (MWe). He then says that 
the 50 MW heating input would require 
150 MW of electrical power, leaving “vir-
tually nothing for the power grid.” Man-
heimer’s calculation would mean a net 
electrical output of about 20 MWe.

Manheimer, however, doesn’t account 
for the net plant power drain—known as 
the balance of plant—which is at least 
150 MWe. That value includes such power 
drains as liquid- helium refrigerators, 
water pumps, and vacuum pumps. When 
one includes the injected heating power 
and the plant power drains, a reactor de-
signed like ITER would result in a net loss 
of 80 MWe, at best.

ITER was never designed to provide 
net electricity or net thermal power across 
the entire reactor. Instead, it was designed 
only to generate net thermal power across 

the plasma. But in its public communica-
tions, the ITER organization until only 
recently did a poor job of communicat-
ing that distinction. That led to, as it did 
with Manheimer, the common misunder-
standing about the expected power bal-
ance for ITER. That misconception does 
not account for at least half of the expected 
input power.
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Correction
December 2022, page 23—The image 
caption should read, “Stargazing events 
such as this one from 27 August at 
Mo‘okini Heiau, a National Historic Land-
mark on the island of Hawaii, are among 
the activities that the Thirty Meter Tele-
scope outreach team is collaborating on 
with Native Hawaiians in efforts to build 
positive long- term relationships.” The 
credit should read “ ‘Ohana Kilo Hōkū/
Keith Uehara.”  PT
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anticipates awarding two new Precision Measurement
Grants that would start on 1 October 202 , contingent on the
availability of funding. Each award would be up to$50,000
per year with a performance period of up to three years. The
awards will support research in the of fundamental
measurement or the determination of fundamental physical
constants. The Notice of Funding Opportunity, which
includes the eligibility requirements, will be posted at
www.Grants.gov.

Application deadline is tentatively February 202 .
For details/unofficial updates see: physics.nist.gov/pmg.

For further information contact:
Dr. Joseph N. Tan, Ph.D.
NIST Precision Measurement Grants Program
100 Bureau Drive, Mail Stop 8422
Gaithersburg, Maryland 20899, U.S.A.
Email address: joseph.tan@nist.gov

The University of Maryland, Baltimore County (UMBC) Department 

of Physics invites applications for a long-term, non-tenure track 

Lecturer position beginning Fall 2023. This is a nine-month, ac-

ademic year position. The successful candidate will teach the 
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scientists & engineers, and general education offerings. The suc-

cessful candidate will supervise and train the graduate teaching 

assistants assigned to these courses, participate in or lead ini-

tiatives to improve the success of all students & to engage in 

service to the Physics department & the institution. Expectations 

include a Ph.D. in Physics or a closely-related field, experience 

teaching introductory physics, & a demonstrated commitment to 

improving student success. Interested candidates should upload 

a cover letter, a CV, a statement of teaching experience and inter-

ests, a statement of commitment to inclusive excellence in higher 

education, & the contact information for at least three references 

to the Interfolio website at http://apply.interfolio.com/117300. 

Applications will be reviewed until a suitable candidate is identi-

fied. Applications submitted by January 20, 2023 will receive full 

consideration.
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