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THOR - Infrared Slavery

by Simone Gabrielli and Margherita Tomasello

Matter under extreme conditions in terms of temperature and density, as in the early Universe or in compact stellar objects (e.g. neutron stars) can be
created and studied with the help of relativistic heavy ion collisions. The European COST Action “Theory of hot matter and relativistic heavy-ion
collisions” (THOR) establishes a theoretical community platform as counterpart to the ongoing vigorous experimental activities.

Here we want to play a little more with the name THOR, and we invite you to enjoy the graphic novel prepared at THOR’s request by Simone
Gabirielli of the Scuola Romana dei Fumetti, with the assistance of Margherita Tomasello. Throughout the story you can find some of the elements of
the physics of ultrarelativistic heavy ion collisions that we study in our network.

The graphic novel and a brief scientific introduction are also available at the URL:
https://thor-cost.eu/outreach/thor-meets-the-physics-world.

We hope you enjoy it!

Maria Paola Lombardo, Marcus Bleicher, Boris Tomasik
THOR-COST Science Communication Officer, Chair and vice-Chair
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The project was initiated by Maria Paola Lombardo, the English translation has been prepared by MPL, Raffaello Conti and Simon Hands. We
thank our colleagues in the THOR-COST network, in particular Chris Allton, Jan Cepila, Axel Maas and Hannah Elfner; Giorgio Chiarelli and Catia
Peduto from the INFN Communication Office, and Raffaello Conti for their feedback and helpful discussions.



The g\moesl'\ilo Proton 1175 Was ’cmw/w iy\g at M? g\aaw() tkrougb\ the OL\I(} {} of in’cers‘ltaWar space, mgo’cmﬁ hg a course
‘tL\rougL\ a stream of rock fmgmn’c& ’m&i g tv avoid at ?m%t the {’argar ones. #ts for the gvm? ? ohes, wz(’ (’ ’cl\e\& (}u%’c
somlaw() and vebounded from ’cL\e Vesga? ,9, l\uP Y aS l\aw? Ir\a.\oloenw() many times lamvious{’% on its conti hm{) aluas’c ih

smr&l\ of sigm of other friend V% %‘mwom{t

For as (}ot«g aS he oouu mmm\oer, Ka-Boiblok L%&? L\a:tw? ’Cl\o%a rool‘s. In ‘Fao‘t, he suffered from ij{u? Space giJ‘-
OSS that (}ws’c 5o‘t Worse in guol\ situations. P( e Was V\om’ct\e{}eg% aVoiV\g L\ig best o act unconcerned, as he ‘M’C %lwlf\
weakness was not \oec/omihﬁ to an ex]oarienoeé) \oiYot %owwar, Ka-%iH‘ong glam-giJﬁmsg Was a% ofw,r as if Slperno-

va-(’ it to ’ct\e otlr\ar oo—‘ail?ot Quarlf-— \L\a ]Par-\sik cw() to ’cLe mvigafcor, erL—Down %nc L. "c Was a constant sowrce

of (}DL@% aw() inmavw()o betvuaen ’cl\e \mir wl\@mvw Ka, 3\@% wi’cl\ halsea, mw()w() L\ig a()u’cias, ooverw() b\& %nc L




.FREE! WE USED TO 8E FREE! THE KINGDOM OF PLASMA
WAS THE BEST OF ALL POSSIBLE WORLDS,
FILLED WITH PEACE AND HARMONY...

WE SHOULD HAVE KNOWN IT WAS TOO 00D TO LAST...

.AND FORCED TO FLEE
IN THE PROTON, NEUTRON,
AND MESON SHIPS/NOW WE ARE
CONFINED, IT'S A SORT OF SLAVERY
..BLA 8LA 8LA...

KA, WE ALREADY HEARD THIS A
ZILLION TIMES!!
BUT SIFK JUST CAN'T REMEMBER,
HOW MANY TIMES DOES
SHE HAVE TO TELL YOU?P?

WELL WE HAVE BEEN HERE FOR AEONS,
I WAS JUST CHATTING TO PASS THE TIME.
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h\\)gmge aVov\"c g@‘t me Wrong Y\a\.‘ﬁrua, | Xon"c remember any of tlr\e p()e‘tm()g of LoUr s,ton&, but | gti? ? an&o\& L\wriv\g i’c\. . AST
JCL\M\I‘% very much for Your kind concerh, but | am not in tlr\e ?wsﬁc botlwrw? EL& Yo Jm?ag (even if | have to {} isten to
tl\em bver mw? over agmy\..)..i’cl% (}u%‘t JCL\'\% apomw\ L\a{)mt.i’c’% too ’Cigl\‘t\. \ L\wte, it\. :

Sif L sﬂcmgg(’w? l\am? to take of f her é?uakafw’c., but +o no avai?... (}ug‘t V ke every other time, any afc‘temlot to g@’c rid of
’cl\is waﬂaiaw and its oovmw’cing tube M} (’ of some 3?%\& M'tarmf seemed Joomed +o fa,i{’.

%’Ci? ? at ?m%t the l\@? met offered one MVvaM’ﬂvga: it amww() tw{}aloafctxio compmunication... but, {mnw%, ’ct\@% a,Y {’ \am-Farrw()
to ‘m? b with each other the DM ‘{asl\ionwV wmzr\.

After two Xa\&g of constant 7/13- 244 tt\ougt\ ‘tl\& ih‘t@rga{)ao’cio Aebris 'tl\?/% fi m(’ ? Y steered Jear of ’cl\@ M\(Arl\em and vea-
olr\wV a ragion of m?a:tive clui@t—ﬂ\a ’cl\rw OSMoNALtS, es}‘owiaw% '44, \orw:tl\w? a gigt\ of re? ief

l‘7Art Va&’c Soime m?m\. | a?oh"c mind dmit‘tiv\g | Was a twm& bit queasy from aW tL\ovt \oo\o\oihg and wwvvihg\. but.. Yoolf- ou’c\...
that ?ooLg ?ilce...”







The imFao’c wi’ct\ tl\a FVM\@JC Was ’tarriw@\.‘ﬂ\e glomormct \aah@tm’ch the owter crust ? ke a bu? ?@’c going tt\rougk tree
bark: ’cl\a roJ‘% surface a)(\a()oo?wV, scatteri g Aebris over l\ww?rw?s and l\vw?rw?g of mtms,:ﬂ\a three loi(’ots, immw()mtaf\&

? 0$T conSCivushess.

‘H’ours,, and tl\ev\ ohe a?ou&, rm%\oa two, ‘oa,ggw? witl\ ho gign of {’ ife.. 4t Qast %nc L's face twi’col\wV sy igl\ty\&, her brow crea-
sed with the loai h, eyes tigl\t %Lut tooth J@M\@X %’cmnga, \auwf iyxg ivm?eg begun to surface in her mi . aga’m sl\e
%‘trl/.%?w? to rid L\erge” of tl\a L\@?M‘lﬁ, but %ti? V it wwuhlt \mw(ge, as if Weuw(} to her L\@MV













OH DEAR..YOU'RE REALLY MESSED UP,
GIRL.. NO SURPRISE..
THAT WAS QUITE A 8LOW..

MY MEMORY CAME BACK TO ME! ]
T AM NOT SIFK!/ T AM SIF,
WIFE OF THE 60D THOR!

MY F‘?IEND‘* TRUST ME! AND FOLLOW ME!
WE ARE COIf\C TO A SPECIAL “LMCC

ALAAAAHHHHHHR!!!!

AAAAAAHHHHHHR!!!!



[+ Was () ike bei g s(wir?w? around in a 3im\’c oev@criﬁtge. Ka-Bibbok and ]Par-lgiL {e?’c their eyes a()m:%’c \auﬂw? from

their %ool‘e;t%, a Jcarri\o(’a, intense, but "CLWLV\L\CLL(] ? Y brief sensation.

After journeying at such inorefible speed, the spacecraft slowed Jovn, then came 1o an abrupt halt, and the two
Ruark- Wps folt sick again. Bt Sifk was ‘Fw{}ihg oomlo?m?% normal, relaxed even.

And then they saw it: a marvelous, unimaginably beartiful landscape, in which every doject screamed wealth ard
prosperity. 4 crown of imposing rocky mountains protected this fairy-tafe kingdom from the threats of the surrown-
Aing wriverse: Asgard shone {ike a (iving crystal emerging from the heart of the planet Totalll unfased) the
Quark- Down continued her story

h...‘lTL\ig IS 'tL\e ki y\ga()om of -Aggam?.‘ﬂ\e Lihgapom be?owg; ’coTLor, iy L\u%\mvw? tl\e gw? omum()er, and o me. Fo? (’ow e,
We wiw g to owr aVWeWiy\g at %i?glﬁirmr Cagt?a: once tl\am Yo wiw no (]ongar Joubt Iy woro()s.h

\\%i‘ﬂ‘, what the... | .| rmw% a?oh't um()ers’mm()...ll




..I BROUGHT YOU HERE BECAUSE MJIOLLNIR,
THOR'S MIGHTY HAMMER, HOLDS THE KEY TO EVERYTHING/
IT CAN DELIVER AN ENORMOUS ENERGY, INSTANTLY,
THROUGHOUT THE UNIVERSE...

WE CAN SET FREE ALL QUARKS FROM

WHICHEVER VESSEL CONFINES THEM...

RESTORE THE KINGDOM OF PLASMA...
AND WE WILL 8E A FREE PEOPLE AGAIN/

WELL... ASSUMING THIS ISN'T ALL A DREAM...

HOW DYOU SUPPOSE WE'LL
MANAGE TO STEAL A GOD'S HAMMER? ‘

I AM SIF, GODDESS OF WAR! ALL WEAPONS
ANSWER TO MY COMMAND! WE AE SO INFINITESIMALLY
SMALL THOR WON'T MANAGE TO DETECT US..
TRUST ME, I CAN HANDLE THIS!



STOP! WHERE DO YOU
THINK YOU'RE GOING?!?




I TOLD YOU TO COME HERE!
OF ALL THE NERVE!!!

S ENOUGH NOW!!
‘ HERE, T SATO!




b3

THAT'S MORE LIKE IT/ MUOLLNIR...
BUT WHAT'S HAPPENED TO YOU?
I HADN'T SEEN ANYTHING LIKE THAT
IN MILLIONS OF CENTURIES!

(" ONLY SIF HAD THE POWER
st ot

SIFP? IS THAT YOU?
AM I GOING MAD?
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_ﬂ\or oou%\"cbe?iew l\is ey LS. I'\e knew {u,w WW tkat besides L\imgw% DV\Y\& %nc tL\e GodAess of War, wvuu l\owe been
aWe to l\aw\.o? ?@ %JDV ?Nr. H’ o stared at the Woa’dwg Iwnmr, ’m&iv\g to convince kimgz?f that the trusted oomlomion of
50 Many \m’c‘t{’a% oouu L\ear l\is words...

\‘%-%hc...ig it rwﬂ\& ka,olﬂ H‘ tis uol, F?mga, &Wuw me o ’clxe M‘W mf %ou?g, it wi“) l\a/(’\o kS glamL mewll
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..COME, APPROACH THE ALTAR...THINK HARD
AND CONCENTRATE, TRY TO CONNECT WITH HIM..
SOMETHING'S 60T TO HAPPEN..







The ?ovws moved Joser, each 9’cm%¥ ihg to master the mistiness m Ymg ’ct\air etz(ws.‘ﬂ\or, as if woken from a mi(’ ?w-
v\iumlg wacw% Jw\oer, fa?’c l\ig heart ’clr\ww()ar. Sif 'g emotions amytw? in gusl\iv\g tears.

"Bt where have You been, iy \oe?ovd 7| have been Yoolcing for Yol avmszl\am, oevd:ur\t after oawcun&, ’ci? ? | Yog’c l\o‘ae...’/
Dh Thot! | oouuhlt have irmgith..\ ?o%t Iy mesmory... ?m«g Yohg ago.. ‘Hem, Vig’cah to Iy %tonzf”

The goa%&s mgai ned her composure, wila'mg AWy JCL\a tears %’ci? ? Streami hg across her Yovegt& face. fter a ﬁV?/WF gigl\,
%l\@ \chm\

"The Liv\gn()om of Wagm Was ?og’c, with the attack on our own front \aro\m\o?\& the most vio?ev\t Dur souierg oou%\"c
offer any. ﬁtr‘cl\ar resistance, there was fire everyw L\em, 2 burni g oYolw() smlot W/Iroi?e%g{? 4y DVer our l\e{?FY@% armmy.

Desqoemte erlcg were f l)w,iv\g ih “Y ? Lirections... but there Was gom’cl\mg s,tmnge,‘ﬂxon gowftl\ing a()ip()nl’c qui’ca '

‘tl\@ \oio’cum...’/ NG~




Cit Was {} ke figl\ting an invisi\o(’a enetmy, ’cl\a erlcs' ms,o?va Was axl\au%’cw() and ngl\t Was owyr ov‘\v% L\oloa.
We bui{}’c savemV st\i\os, to escape in s,vm? {) groups of two or three withowt be/mg a?@’t@(/’cw?...‘tlr\a m%r\_t Was \oa\&om? ima-
gim’cion, ‘ WaS b wi’cl\ fa’cigua.mw(? ’cl\an, \/olci too|¢ m{’vavdnga: L\e Jcmngformw? me into a erL,o&nﬁmoV me wi’cl\in

one of the srm? (} sl\bd?t?e%, Proton- 1715 and at that \ooin’cl {’og’c Iy mefrory, and vamisl\w? withowt trace..”




WHEN MY MEMORY RETURNED,

I CAME BACK AT ONCE... OH, THOR,
YOU ARE THE ONLY ONE WHO
CAN LIBERATE THE QUARKS...

..WHO CAN DEFEAT THIS DREADFUL
CONFINEMENT KEEPING US LOCKED
INSIDE THOSE TINY VESSELS...

..THE QUARKS 8Y THEMSELVES JUST
DON'T HAVE THE ENERGY..PLEASE
USE MJOLLNIR, AND SET US FREE AGAIN!

YOU ARE ASKING ME TO SET FREE ALL . b ~AND ANYWAY THE ENERGY T SHOULD NEED TO
THE QUARKS IN THE UNIVERSE? TO RETURN NN RELEASE THEM WOLILO MAKE THE TEMPERATURE
TO THE KINGDOM OF PLASMA? \ \ > | UNIMAGINABLY HIGH... I...
BUT YOU KNOW, THEY MAY STILL STAY : 7 -
STRONGLY BOUND TO ONE ANOTHER...

I REALLY DON'T KNOW SIF...THERE
ARE MANY ASPECTS TO CONSIDER...
I HAVE TO THINK...

..I WILL GIVE YOU MY
ANSWER BEFORE DAWN!




Sifk, Par-isik and Ka-bibbok could not sleep that night they {ay awake, bt with none of the usual friendly chat
and banter. kn cery sifence fifled Froton- 1715 They were refiving all the adventures, some ong forgotton, that had
happened Juring their fong voyage together. they knew that this was alf coming to an end, and this feefing feft no
room for words. 1 a few hours avanfcking would olr\a.hg@.

Dawn took them b% gurlarig@, as if the y\igl\’c W DV\?\&, ?a%tw? the Span of one si hg?@ a?w‘a \orw:tt\fﬂ\or'g footg’ce]os
roused them from their sombre ’Ct\ougktg.




I AM HERE, SIF...
IT WAS A LONG NIGHT.
8UT NOW I HAVE AN ANSWER,

YES, I WILL HELP YOU, QUARKS.
I WILL SET YOU ALL FREE... BUT
FIRST I WANT YOU TOUNDERSTAND
EXACTLY WHAT THIS MEANS...

..I NEED TO SHARE THE B8URDEN
OF THIS DECISION WITH YOU!...




..LOOK, LOOK THROUGH MY EYES,
= ( AND YOU WILL SEE ALL CORNERS OF THE LINIVERSE!!!




| The walls surrowndi g the Aftar of Souls came o ife.as if each wall were a window openi ng onto a Jistant corner of

- the Universe.

; Aecompanied by a myariad A’mJiy\g flashes, shini g visions of an infinitude of stars emerged from Tryslinir: mufitu-
| os oFworlds, innumerable faces. Thers were fazes. of everigons, from all kingdoms, ofallspecios, of any color, any -
stance. Those faces were startled as horrorstruck they witnessed the Jissofution of their word. Thor was roaring,
P LY power ful wif creating and glmlomg a myriad of a&m{’mg sparks. Within this increible {’igl«c the

| hamimer was shini g lle a star

Ddin's son's face was twisted in a grimace from his awesome effort, the pain near unbearable even for 300(7.“%

Was oowtemF{’ati g the end of the \M\ivarga, the WUniverse as it |r\cw? existed for \oi? (’ o of years..




/

~..6000 60D...

T-THOR, PLEASE STOP!
«~THAT'S ENOUGH!!!



THOR, PLEASE TELL ME
THIS WASN'T REAL'
TELL ME THIS ISN'T
WHAT T ASKED FOR!

SIF, MY LOVE, T AM S
HAPPY THAT NOW
YOU UNDERSTAND...

~AND YOU, ACCURSED FELON,
COME HERE!



GREETINGS SIF, \
LONG TIME NO SEE.. A | oo
WHAT BRINGS YOU HERE? /8 BN (LOKI?!? YOLP!? HOW DARE

YOU, YOU EVIL SON OF A...

COOL IT, SIF..HE'LL GET
WHAT’S DUE FOR HIS
MISDEEDS, 8UT TODAY HE
GAVE ME THE SOLUTION...




WHAT YOU WITNESSED WAS NOTHING
8UT ONE OF MY DECEPTIONS...
A PROJECTION ON THE WALLS,
AT THOR'S REQUEST

IT'S TRUE SIF. I WANTED YOU TO
SEE WHAT WOULD HAPPEN IF
THE QUARKS WERE SET FREE AGAIN...
THERE IS ONLY ONE THING I CAN DO...

..I CAN RELEASE YOU,
AND YOU ALONE!!!



LOOK KA/ T AM
TURNING INTO
AN ANTIQUARK!




6uys, THAT'S ALL I COULD DO
FOR YOU... A MORE SPACIOUS VESSEL,
THE MESON-1Q75... AND T 8ID0 YOU
B80ON VOYAGE!

8UT PLEASE,

MY FRIENDS,
COME B8ACK TO
SEE US AGAIN!

..PLANET EARTH!!!

WE WILL SIF!
THIS IS THE ONLY WAY..

AND YOU KNOW JUST HOW
CURIOUS WE ARE!
WE LOVE TRAVELLING, AND THIS
IS EXACTLY WHAT WE WOULD
HAVE WISHED!

8y ;
T

THEN LET ME SUGGEST A VERY
SPECIAL AND INVITING
DESTINATION...




n the \o(} ink of an eye /h\eson— IS Xigalo‘ammoV into the Ol\lw of ivdters,’caWar space. Par-lsik and H—%i\o\ools seated

at the oon’co?%, YooLwV at one vther.

\‘ wiw 2SS %hqc...\aut‘ lm S0 l\a\a\o% for l\ar...ll
‘M e ’coo..a?’clr\ougl'\ | ww%\"c have minded the chance to alui’c the %L\i]o m&%ﬁ”
“Wlm’c7 \aou mean \&oulve Ir\owf) ahougl\ D‘F oLy vo\&age&, D‘F DUr a()igooverie%/.]”

W y
cwl\ ho, never!

“F an’mg’cio\. %o, De%‘ti nation Eart“. §

The €
i




