
Sci en tists are about to launch an am bi tious search for a “dark force” of na ture which, if
found, would open the door to a realm of the uni verse that lies hid den from view.

The hunt will seek ev i dence for a new fun da men tal force that forms a bridge be tween the
or di nary mat ter of the world around us and the in vis i ble “dark sec tor” that is said to make
up the vast ma jor ity of the cos mos.
The chances of suc cess may be slim, but should such a force be found it would rank among
the most dra matic dis cov er ies in the history of physics.
The best the ory of re al ity that physi cists have ex plains only 4% of the ob serv able uni verse.
The rest is a mys tery made up of dark mat ter, the strange ma te rial that lurks around gal -
ax ies, and the even more ba� ing dark en ergy, called upon to ex plain the ever-ac cel er at ing
ex pan sion of the uni verse.
“At the mo ment, we don’t know what more than 90% of the uni verse is made of,” said
Mauro Raggi, a re searcher at the Sapienza Univer sity of Rome. “If we �nd this force, it will
com pletely change the paradigm we have now. It would open up a new world and help us to
un der stand the par ti cles and forces that com pose the dark sec tor.”
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Physi cists to date know of only four ba sic forces of na ture. The elec tro mag netic force al -
lows for vi sion and mo bile phone calls, but also stops us fall ing through our chairs. With -
out the so-called strong force, the in nards of atoms would fall apart. The weak force op er -
ates in ra di a tion, and grav ity, the most per va sive of na ture’s forces, keeps our feet rooted
to the ground.
But there may be other forces that have gone un no ticed. These would shape the be hav iour
of the so far un known par ti cles that con sti tute dark mat ter, and could po ten tially ex ert the
most sub tle e� ects on the forces we are more fa mil iar with.
This month, Raggi and his col leagues will turn on an in stru ment at the Na tional In sti tute
for Nu clear Physics near Rome that is de signed to hunt down a pos si ble �fth force of na -
ture. Known as Padme (Positron An ni hi la tion into Dark Mat ter Ex per i ment), the ma chine
will record what hap pens when a di a mond wafer a 10th of a mil lime tre thick is blasted with
a stream of an ti mat ter par ti cles called positrons.
When positrons slam into the di a mond wafer they im me di ately merge with elec trons and
van ish in a faint burst of en ergy. Nor mally, the en ergy re leased is in the form of two par ti -
cles of light called pho tons.
But if a �fth force ex ists in na ture, some thing di� er ent will hap pen. In stead of pro duc ing
two vis i ble pho tons, the col li sions will oc ca sion ally re lease only one, along side a so called
“dark pho ton”. This cu ri ous, hy po thet i cal par ti cle is the dark sec tor’s equiv a lent of a par -
ti cle of light. It car ries the equiv a lent of a dark elec tro mag netic force.
Un like nor mal par ti cles of light, any dark pho tons pro duced in Padme will be in vis i ble to
the in stru ment’s de tec tor. But by com par ing the en ergy and di rec tion of the positrons
�red in with what ever comes out, sci en tists can tell if an in vis i ble par ti cle has been cre ated
and work out its mass.
Though nor mal pho tons are mass less, dark pho tons are not, and Padme will search for
those up to 50 times heav ier than an elec tron.
The dark pho ton, if it ex ists, would have an im per cep ti ble in �u ence on the stu� that
makes up the world we see. But know ing its mass, and the kinds of par ti cles it can break
down into, would pro vide the �rst glimpse of what makes up the bulk of the uni verse that
is beyond our per cep tion.
The Padme ex per i ment will run un til at least the end of the year, but there are ten ta tive
plans to move the in stru ment to Cor nell Univer sity, New York, in 2021. There it would be
hooked up to a more pow er ful par ti cle ac cel er a tor than in Italy to broaden its search for
dark pho tons.
Other lab o ra to ries around the world are also look ing for dark pho tons. Bryan McKin non, a
re search fel low at Glas gow Univer sity, is in volved in the search for the par ti cle at the
Thomas Je� er son Na tional Ac cel er a tor Fa cil ity in Vir ginia. “The dark pho ton, if it ex ists, is
e� ec tively a por tal,” he said. “It lets us peer into the dark sec tor to see what is hap pen ing.
It won’t open the �ood gates, but it will al low us to have a lit tle look.”
Physi cists have lit tle idea how com plex the dark sec tor might be. There may be no new
forces to dis cover. Dark mat ter it self may be shaped by grav ity alone and made up of only
one type of par ti cle. But it may be a far richer realm, where new kinds of in vis i ble par ti cles
and forces wait to be found.



Ac cord ing to McKin non, the very fact that mod ern the o ries leave room for ex otic par ti cles
such as dark pho tons means that physi cists feel com pelled to search for them. “It would
de�  nitely be a huge thing in physics if some ev i dence of a dark sec tor was found,” he said.
“Right now, it’s la belled as such be cause it’s the stu� we don’t un der stand. If a door can be
opened, what will come out? That’s guess work right now.”
Since the dis cov ery of the Higgs bo son at the Large Hadron Col lider near Geneva in 2012,
par ti cle physi cists have had lit tle to get ex cited about. But the dearth of new �nd ings from
ma jor fa cil i ties has boosted e� orts at smaller labs to per form long shot ex per i ments with
po ten tially huge pay o�s.
What are the odds that Padme will �nd a �fth force? “We are shoot ing in the dark in every
sense,” said Raggi. “But if you are shoot ing, you at least have a chance.”
‘We don’t know what more than 90% of the uni verse is made of. If we �nd this force, it will
com pletely change the paradigm’ Mauro Raggi Sapienza Univer sity


