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LUXE: LASER UND XFEL EXPERIMENT

What is LUXE?

* New experiment planned in Hamburg using
* European XFEL accelerator
*High-power laser

* Documentation:

*Letter of Intent published in Sept. 2019: https://arxiv.org/abs/1909.00860
* Conceptual Design Report (CDR) about to be published
* Multi-purpose experiment

*It offers a range of new measurements and a variety of detector technologies is
needed to accomplish the physics goals

e Collaboration

*Not yet formally founded collaboration (process started)
* CDR includes authors from 29 institutions
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CONCEPTUAL IDEA OF LUXE
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QUANTUM ELECTRODYNAMICS

* Relativistic field theory of electrodynamics
* Perturbation theory in terms of coupling constant a

* World’s most precisely tested theory

* Anomalous magnetic dipole moment (g-2) of
electron:
* At leading order
* O(a) correction calculated by Schwinger (1947):
» State-of-the-art calculations includes terms O(a®)
* Precision better than 10-°!

* Anomalous magnetic dipole moment of muon shows
Interesting tension
* New experiment at FNAL (“Muon g-2") => ~factor 4

Sin-fhro Tomonaga Judian Sehvanga

R. Feynman on QED: “the price of
gaining such an accurate theory

has been
the erosion of our common

DESY. LUXE sense.”




THE VACUUM

The Vacuum

Classical Theory:
* “space devoid of matter”

* “space-time region where all elements of
stress-energy tensor are zero”
— NO momentum, energy, particles or

fields r ‘

L Vacuum, pre-1900|4

Quantum (Field) Theory:
“state with lowest energy”

average is zero, but variance non-zero

vacuum consists of virtual particles
— can be charged, couple to fields

r QQ?'
S0

uVacuum post-1900 n

With LUXE we want to boil the

DESY. LUXE vacuum



VACUUM INSIDE STRONG FIELD

What happens if we now put the vacuum inside a strong field?

Capacitor [

E "og(@;%"
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E

=

Efelqg < 2me Efeld > 2me
2 3

= =1.3-10"V/m
hie

Vacuum boils if field large enough to create real pairs:

“critical field’= work by field over
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HEISENBERG AND EULER: THE CRITICAL FIELD

Folgerungen aus der Diracschen Theorie des Positrons.
Von W. Heisenberg und H. Euler in Leipzig.
Mit 2 Abbildungen. (Eingegangen am 22. Dezember 1935.)

‘Aus der Diracschen Theorie des Positrons folgt, da jedes elektromagnetische
Feld zur Paarerzeugung neigt, eine Abiinderung der Ma xwellschen Gleichungen
des Vakuums. Diese Abinderungen werden fiir den speziellen Fall berechnet,
in dem keine wirklichen Elektronen und Positronen vorhanden sind, und in
dem sich das Feld auf Strecken der Compton-Wellenlinge nur wenig #ndert.
Fs crgibt sich fiir das Feld eine Lagrange-Funktion:

o 7 . : :
g 00s | = V&2 — B2 + 2¢(EB) | + konj

ﬁ:%(&2_m2)+%5 9"’1&;2{1:972(@53). ) (lekt — : )
| 4 cos(TéiT V%’—-ﬁ*+21’.(i§%))—konj

+ |@x|ﬂ+’§{%ﬂ—@ﬂ)}-

/&, B Kraft anf das Elektron.
' m ¢3 1 e
(“E“ = Teh  S187% (¥m )

— ,Kritische Feldst.irke“.)

Z.Phys. 98 (1936) no.11-12, 714-732
(translation at arXiv:physics/0605038

DESY. LUXE
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THE CRITICAL FIELD

Presence of strong external field:

* work by field over Compton wavelength > than two rest masses of particles—
critical field (aka “Schwinger limit”)

~1 3-10'*V/m <:> <:

Efelqa < 2me Egelqa > 2me

1) Field-Induced Pair Creation: ool SLalEEE
: : . € crit
* pair production from vacuum £ =< exp( e ) @Q@@
2) Modified Compton Spectrum: Schwinger 1951 @@@S

- electron becomes “dressed” => larger effective m, v.rtualdlpolescreen

DESY. LUXE 10



STATIC ELECTRIC FIELD VS LASER FIELD

* Pair production in a constant static field via tunneling (“Schwinger process”)
o= (8) [ 5
Schwinger é@ér P ﬁgaS

* Pair production in plane wave laser: asymptotic result

l_' éaL 2 8 1 éf::r
< [ — | exp|—=
BW Enr P 3% (1+cosB) &1

DESY. LUXE 11



PARTICLE BEAM AND LASER

* Use laser to generate electric field - electron - laser set up @)
* Use high energy electron beam - = =22 | § Compton
)
ec .. €L T
:—m a)f;c o< ILaser X~7 ot o ILaser Ebeam e beam
* Laser intensity required to reach |
Schwinger field (): b s N p;r
1 eV >x1022 > Much beyond currently achievable values
1 GeV _1022 > State-of-the-art laser needed (~10 PW)
10 GeV ~1020* Can use well-tested laser technology (~100 TW

~10 GeV beams can reach Schwinger limit in rest frame with current laser tech

DESY. LUXE 12



CROSS SECTION OF QED PROCESSES

* Perturbative QED valid Low-energy photons from
_ _ a laser_
*For n photons: n vertices => e T I S
* With it follows: T

* If all orders can contribute ~equally =>

cannot truncate series any more W e
I \
* All-order calculation needs to be performed
(which is hard) High-energy (relativistic) photon

* Example for asymptotic result for and
*Since cannot expand perturbatively

DESY. LUXE 13



ABSORBING LIGHT WITH LIGHT

* Prediction for rate of positrons

per laser shot
* Perturbative regime: power-law

E<1:R_._

oc anZ,
1D—1|]_
* Non-perturbative regime: departure
from power-law P
E>1:R 6 p
e « x,exp (—3%)@ g20f / — LCFA
115 GeV - =2

bury ‘g ‘||1amyoe|g ‘|

0.5 1.




MAIN PROCESSES OF INTEREST

Breit-Wheeler: pair production

Compton
_ _ +ie {
e +tny, - e +vy yrny,—e
Low-energy _ )
photons ______________________ / ---------------------- /
----------------------------------- =) et

from laser iy W s

(E=1.5 eV) - " L -

* High energy electron or photon interacts with laser
- Also higher order process “trident” e +ny, — e ¢ *
*E144 experiment probede +n 9, process in perturbative regime

- LUXE first to directly probe p+ny, — "¢ ¢

DESY. LUXE 15



LUXE IN CONTEXT
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* LUXE has good chance to be first to actually break into regime
* And only experiment proposed to directly explore photon-laser interactions

DESY. LUXE
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EXPERIMENT E144 AT SLAC
=46.6 GeV achieved y < 0.25

* Experiment at SLAC in 1990s with E eV
- Did observe two-step process e +nw, - e e "
* Saw the power-law increase with ¢2" but did not reach the critical field

beam

Cartoon of SLAC E144 experiment g [
From “'? 1072 = B
== £
103§\ ------- I»\"“L‘?é\\
on Kol table : \0-1 %(E\\ Oi3 0.4

E at laser focus

[Bamber et al. (SLAC 144) ‘99]
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E144 IN THE NEWS...
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Das Sein und das Niches, fi i
wird heute in li‘llch('nlu'uchlvumgcl n nither untersuche

ann dic Quantenmechanik ves

standen werden?” So fragle pro-
,,rmmmcn or einigen Jahren
Nuture-Herausgeber John Mad-
dox, .Was dic Biologic angeht, 5o verfugt
jeder ber Exfahrungen aus erstor Hand -
vom Fuspilz ther dis Verds is zur

klagic Maddox. Bringe man dagegen aul
einer Dinnerparty das Gesprich auf die
Quantenmechanik, so bekumme man be-
stenfalls Antworten wie ctwai Nichis sci s
sicher, wie Newton gedscht habe, oder
auch, mutig axtrapaliert: UTberhaupt nichts
sexsicher. . Was not tut, stud Experimente,
die die Bedeutung dieses Fachgebictes des
monsirieren und ins aligemeine Besuft-
scin hebea'”, furden: Maddon,

Amerikanisshen Physikern ist nun cin
solches Experiment gelungen. Zwanzig
Wissenschafiler von vier amerikanischen
Universitiien wandelien am Luncarbe-
schlcuniger in Stanford, Kaliforaicn, crst-
‘mals pures Licht in Materic um,cin Werk,
das cin wenig an dic Erschaffung der Well
durch gélliche Hand erinoert. Soausagen
aus bloBem Nichts Materie zu erzeugen.
das blieb bislang der Bibel oder der Ure
knaltheoric vorbehalten. Nun ist dieser
Schipfungsak1 endlich auch vor Zeugen
selungen.

Verglishen miit dem Golksswerk {oder
¢ben dem big bang), nimmt sich das Er-

bnds der Hochenergiephysiker in Stan-
ford allerdings hescheiden aus: Nach insge
saml rund vierjdhriger Arbeit hatien sie
gerade cinmal rund cinhundert Elektro-
nen ~ sowie deren Antiteilchen, die Po-
sitronen —erzengt. Mit dieser Ausbeute, fr
die in Stanford mehrere Billionen Wall
verheiat wurden, lie e sich nicht cinmal ein
Taschenlampehcn zum Giuhen bringen.
Eine verheerende Encryichilane. Aber es

i ja auch el wais Prinzpielle; Aus rei-

rgic |ads sich Materie verstoftii-

chen. Welch eine Symbalkraf steckt in dic-
sem Akt

Den umgekehiten PiozeB hat der
Mensch namlich schon vor mehr als unfzig
Jahren gemeistert - mit verheerenden Aus
wirkungen. Die Atombombe demonstrier.
e aller Welt die plitaiche Umwandlung
YonMateren i gndd dersimplen
Gleichung E = me (die Masse cines Kor-
pers multipliziert mit der Lichgeschwin-
diglkeitim Quadean ergint dessen Energic).
Albert Einstein, der_dicse berdhmisaie
Formel der Physik 1905 erstmals veroffont-
lichte, ahnte nioch nichis von der gewalti-

'Si

dab el Korpern, deren Encrgieinhalt in
hohem MaBe verlinderlich ist (. B. bei den
Radiumsalzen), ¢ine Pridfung der Theocic
selingen wird: grandiose Fehlein-
schitzung, Nicht i

17 Oktober 1997
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ther das

Thema der |

yibe sind, Wenn dort in langen Rohren cle-
mentate Partikel aul nahens Lichipe.
schwindigke beschleurgt uid schbelich
aveinindergeschosan werden e
sic 2u cinem wal von

Phil. h
2

e e oo S
et 1u John Maddox’ Bemerkung ober
dic

Encrgic und naucn Bilcich Sabéi o

b sch ke ifuele: L

nensich wicderum
[

Denn genaugenammen ist in Stanford dis
Matsti mihi aus i, sondein vilmehs
aus dem Vakuum entstanden. Dic auss

pumpten dic Phy;
onstel Sekund
milliardste] Quadratzentimeter, wie die ge-
n Vereinigien Staaten in derselben
it verbrauchen. Eine der starksten La-

Warum
ISt
etwas?

Amcrikanische
Physiker schulen
erstmals Materie

aus reinem Licht

Von Ulrich Schabel

serquellen der Welt sandte exceem kurze
Lichipul nuch en-

diglich ein kritisches”

romagnen

i Nichis i
letetlich nur weil in der
Quantenwelt di
sind, Su logt dic b
Unscharferelation fest, daB bestimmic za-
sammenhiingende Grotien ines subaio
maren Parikels (ctwa desen Ortund Ge.
schwindigkeit wder auch seine Lnergic und
Zeitdauer) nicht gleichzcitiy scharf defi
iert werden. Dieses merkwiindige Prinzip
ol ganz allgemnein - also suck o Vakuum,
Der sogenannie leere Raum darf daher
micht cxakt leer sein, sonst mogien darin
Lnergie und [ ehensdaucr molicher Teil
chen genau gleich Null sein. wis laut U
sl foprmeap nisht ssin Kann.
Tutsichlich gleicht also das Vakuur in
Wabrheit cinem Sce, in dem unablissiy
Energic und Marerie flukivieren fm Minel
addicren sich diese Flukiuationen stcts zu
e diags in cinern derart bio-
eliden Nichts swes Lichtblise mi Wuchi

chew i die reale Existenz verhelfen.

‘Schwieriy, sieh dag voraustellen? Ist es
auch, fmmerhin ist das ein Sujec, das Phy
sikstudenten et m den hoheren -
stean zugemutet wird, Und auch dic haben
ihre licbe Not mit dem Begreifon. Er-
schwerend komma hinzu, dat dic Materie
craeugung aus dem Nichts sich owar in dea
sicsenhafien Detekloren der Teilchenphy-
sikr machweiscn b, ansonstcn jedoch
keine sichiburen Spuren hinteria., Prak
tische Anwendungen sehe wh leider
suicht*, meint dean auch Adsian Melissinos
be

auern
Die Bedeutung dus Stanforder Expert

Ehe New Pork Times
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Scientists Use Light To Create Particles
By MALCOLM W. BROWNE = SEPT. 16, 1997
A TRAILBLAZING experiment at the Stanford Linear Accelerator Center in
California has confirmed a longstanding prediction by theorists that light beams
colliding with each other can goad the empty vacuum into creating something out
of nothing.
In a report published this month by the journal Physical Review Letters, 20

physicists from four research institutions disclosed that they had created two tiny
specks of matter -- an electron and its antimatter counterpart, a positron -- by
colliding two ultrapowerful beams of radiation.

The possibility of doing something like this was suggested in 1934 by two
American physicists, Dr. Gregory Breit and Dr. John A. Wheeler. But more than

six decades passed before any laboratory could pump enough power into colliding

beams of radiation to conjure up matter from nothingness. The Stanford

accelerator finally provided eno
Dr. Adrian C. Melis
group, said in an interview that
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of the needed energy, even thou;

most powerful. RESEARCH NEWS

Conjuring Matter From Light

o David Ehrenstein
+ See all authors and affiliations
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But the opposing beam of r:
drawn from electrons whizzing
second beam of radiation was s
beam.

The paths of colliding electrons 2 ,\uq 1
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et kompliziertcn
uher die ibr Schopfer Richard

dallsulbster nicht wisse,

tronensternen ghnliche Prozesse verma
ten, fur das E Und dic Matenc-

sundern in Hiroshima wurde die Theoric
bewiesen. Nun, ¢in weileres halbes Jahr-
hundert spiter, wird in Sianford Matcric
aus Licht gewonnen und damit Schtipfung
stall Zersidrung demonstriext. Werden dic
Physiker um Adrian C. Meliss
o die Geschichie cingehen wi
Oppenheimer und  seine Los-
Gang?

Dis Fachlcute winken ab: An Einsteins
Formel mehr,

exgiercicheren Strahl zu erzcugen, kenkten
gie Physiker dises Laserlicht genau auf
den Y der

crzcugung aus dems Nichts it philoso-
phisch von hochatem Interesse. SchlicBlich

im Stanforder erzeuglwird,

-hun seit Jahren die Thes

Wee Piagpongballe auf einca Lasiwagen
prallien die Lichtieilchen auf tico-
nen und wirden mic noch michigeiem

Kishon ol s e
ion im Vakuum ¢ atstanden
Das Mitucrhatinis ischen (Energic-)

e Laserlichl wurde 50 hohere nce e
sche (ummnlﬁl\lum( die mit dem nach-

Gt e L Mere mtndei
lasse, sei schon dfters bewiesen worden.
Der Exp:n:nn wand it ar fhte
in Durch-
o W(swmchm namich bis-
her vorzuweisen indire

Adlmn Melissinos

dsrung konnie dic Justicrung durchcinan-
debringen, Wemn s um Brchie v
tic Bewegung

ford tiihet allmd\ schmeralich vor Au-
gen, wic begrenzt die Moglicheiten det
Fienaemhcn Sind Wabrend sic gomel Fin
sl beruhmier Formel mittlerweile die
Balbe Erde m eunein gewalt

mit dem groGmoglichen Encrgicaufwand
Berade bunder Elementartelhinpaors
d

te Ergebnisse, smnsqcn ‘Abtalprodukte
der i

der Erde genauso wie ae.\ morgendiichen
der

wie sic in den Hochenergiczentren Cern in
Genf oder Desy in Hamburg gang und

sufheizi” Nicht nur in der Fsoterik ist
eben alles mit allem verbunden

o ki Ankhe
scin als di¢ Erschaffung von Newem.

Turning matter into light, heat, and other forms of energy is nothing new, as
nuclear bombs spectacularly demonstrate. Now a team of physicists at the
Stanford Linear Accelerator Center (SLAC) has demonstrated the inverse
process—what University of Rochester physicist Adrian Melissinos, a
spokesperson for the group, calls “the first creation of matter out of light.” In
the 1 September Physical Review Letters, the researchers describe how they
collided large crowds of photons together so violently that the interactions
spawned particles of matter and antimatter: electrons and positrons
(antielectrons)

Gamma photon Lace

> 4 Secron-
P

Electron

Corriere della Sera
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Limportante risultato ottenuto a Stanford
Dalla luce ¢ nata la materia
~ Come predisse Einstein

i LANFRANCO BELLONI

Stanford hanno festeggiato b na-
scita in laboratorio della pmma
* materia fm.mla da incontri rav-
vicinati di fasei di fuce. Facendo
collidere fra di loio abbondanti
impulsi i fotoni si & ussistito alla
_ creazione di particelle di materia e anti-
 materia, pilt precisamente di cappic di
clettron ¢ di antielentroni. B questo &,
appunto, la prima volta che accade.
Come spiegavann i libri di testo, se si
opera uno scontro frontale fra wn clet-
trone e un anti-clettrone, si provecd
una reciproca aanichilazione-della par-
ticella di materis coo guells di aoti-ma-
teria. Tl risuleato del drammatice meod-
tre consste in un paio di fotoni o parti-
celle di Juce, che si allontanano dal loe-
- o dellimpatto in direzione oppasta, Se
Ie trniettorie della particella e dell’anti-
articella iniziale, prima dello scontea
roneale, sono nella direzione est-cvesl,
allora i fotoni penerati
dalla loro annichilazione
+ ui allontanane nella dire-
zione nord-sud in senso
nppasto. E i fotoni gene-
rati dall'urto sooo ap=
punto due, & 0on N 80—
Lo, per rispettare la fon-
damentale legpe della
conscrvazione della
guantita di moto, Sem-
pre i libri di testo spicge-
vane che il fenomeno
avechbe dovuto essere
rfcttamente reversibi-
. Facendo urtare fra lo-
ro, lungn Ta direzione
nord-sud, due ﬁcrlum par-
ticolarmente enerpicl, ers previsla fa
generazione di wna coppia di particelle,
formata da un eletirong ¢ da un anti-
elettrone che si allontanano in sensd
nprnstu lungo la dirertiva est-ovest.

a previsione teorica dell'effefto ri- -

sale apli anni Trentu, ma solo la tecno-
loigia odiema & stata in grade di trasfoe-
mare un esperimento mentale inoun
esperimentn reale.

A Stanford hanno spatacn impulsi la-
ser ulra-energetici conlro wo fascio di
elettroni accelerati in senso oppasto.
Rimbalzanda come pallinc lanciale
enntro una Ferrari in comsa, I'encrgia
dei fotoni meident ha sobito un au-
mento & i conseguenza si & passati dal-
la luee Taser incidente, simata nells [re-

uenza de] visibile, @ ragp gamma di
rimbalzo particolarmente energeticl. T
fotoni. gamas, riflessi allindietro, # To-
£o volts si scontrano con i fowni del

fasein laser iniziale s gquesto sufficien-
temente mienso.

In opportunc condizioni, viene con-
centrata una quantitd di energia in un
singoin punto, sulliciente a creare cop-
pie di elettroni ¢ anti-elettroni, sulla ba-

se dells famosa relazione di Einstein
chc regola le reciproche trasformazioni
fru materia ed energia.

Si & cosl avuota la prima creamione di
materia dalla luce, ha commentalo uno
dei partavoce dell’esperimento condm-
10 & Stanford da voa squadre di una
ventina di fisici. Fra questi & anche un
fisico di Princeton, seguace di quel’Ar-
chibald Wheeler, che, isieme @ Gre-
gory Breil, negli anni Trenta per primo
comsiderts sul piunw evrice la possibile
produzione di coppie di elettrond e po-
sitromi in seguito all'urto fra due fotoni
reali. La traduzione prafica dell'idea
teorica ha richiesto gualche decennic,
come pure bo sviluppo di
tecaologie sofisticate, e
anche une buone dose di
virtuostsme da parte de-

Sene Jiivcher Jeitung
FORSCHUNG UND TECHNIK

Materie aus Licht erschaffen
Amerikanischen Physikern gelingt technischer Durchbruch
Was bisher nur theoretisch vomusgmxgl wurde, hat ein Team von 20 Physikern erstmals

im Exp: direkt von Malerie aus echten Lichtteilchen. Das
gelang am Stanford in

Milowoch, 1. Okwber 997 - N-227 69

Die Umwandiuag von Materie in Licht oder
nndere Energiefomen it cichs Neus. Ein be-
fonder somtbreisches Belopiel dafl sind Ator-
bomben. Aber mich bei d
Kemkoaltwerken wird Matere in Biergi unge-

Die Physiker ﬁnhmn eine Seric derartiger Bx.
penn\eme durch, die mehrere Monate dauerten.
Iysl:nm ‘danach Tasende von Kollsio.
n=n undg dabef mehr als hundert der ge-
suchten m;mss- (Physical Review L:mrs, 7,
golang diese Umwanclung im Jahr Lﬁzn 1997 und Science, 277, 1202; 1997).
1931 a.lx dur 'Phys)h\r Carl Andersen das Positron chleute,
entdeckte, das positiv geladenc Antitcilchen des
negativ geladenen Elektrons. Treflen ein Elekwon
nnd ein Positron uufeinander, |dsen sie sich in
Encrgieblitz auf. Nun ist Physikem, wic
berets o gemeldet, erstmals der umgekehrte
Vorgang gelungen, Energie in der Form von Licht
in Elekironen und Posionen umzuwandeln.
Elektron.Positron-Paare entstanden auch bis-
ber in Beschleuniger-Experimenten, Werden Teil-
chen wie beispialswaise Protonen und Antiproto- ert worden, das Resultat des eats.
nen aufeinander geschossen, so kénnen sie beim. | 5ei aber keine Sensation. Denn an Einsteins be-
Zusammenprall in cinen Energieblitz auf mhmler Gleichung E = mc’, wonach Energie
Dieser Energieblitz enthalt manchmal lebige | Masse umgewandelt werden kénne und umge-
Ll:}mmlch hen, s denen dann Elekiron-Positron- | kehet, zweille heute niemand mehr.
n werden. Man nennt diese kurz-
lahlgan Lmhlhddun virtuelle Photonen im
Gegensaw zu den echien Photonen, den pewdhn-
lichea Lichtteilchen. Vistuelle Photonen entstehen
nur fiir einen lurzen Moment i énem starken
:wmm:n Feld in der Nihe ecines geladenan
Teilchens. Im Experiment am $tanford-Beschleu-
niger in Kalifornien wurden die Elekiron.Posi-
ton-Psare erstmals nicht aus virellen, sondern
eus gewdhalichen Photonen geschaflen,

die an Eul‘eplmchen Teilchen-
hea:hl:umgzm arbeiten, loben die Resultate der
amerikanischen Kollegen, geben sich aber nicht
Gbcrrascht. Bs handle sich nicht um cinen Durch-

vom deut-

schen Fomﬁunmen Desy in Hamburg
m Stanford cin g‘llcr Erfolg.

meint, technisch sei m
red

l]rkennlniaaa liir Astronomie

Umwandlung von Licht in Materie wurde
mbgllﬂ'l weil di¢ Zusaiténstdsse der Photonen
cin unglablich starkes elektromagnetisches Feld
erzeugten. Bedingungen finden sich im
Universum nur an wenigen Orten,
zum Beispicl guf der Oberfliche von Neutronen-
sternen. Dabei handelt es sich um extrem dichte
Objekte, die entstehén, wenn e Stern am Ende
seiner Entwicklung unter der Wirkung der
Schwerkraft kollabier.. Die Wissenschafter ver-
muten, dass Neutronensterne cin extrem starkes
ben. An ihrer Oberfliche kinnten

Laser gegen Elektronenstrahl
Der Durtbruch glan cincm Tosm ws e

a4 von vier deshalb Prozesse ablaufen, wie sie am Tellch
ons - b eilchen-
M l‘j"" a"“““““'* .E""" beschleuniger in Stanford beobachtet wurde

el ledililinsiteliii

gli sper tari di
Stanford, che -hanno do-
vuto allineare ¢ sincro-
nizzare con la massima

cisione sla gli impulsi
aser iniziali sia ghi im-
pulsi degli eletironi acce- -
lerati. Ma, come recila
un detto locale, le cose
nascony sempre prima in
California. La creavione

pusitromi (ciol di antic-
Tertroni) di solito si veri-
fica negli esperimenti di fisica dellc alte
energic quando =i fanno urtare fra di
lora pmmllc accelerate.

Ben diverss & lu siwazione ricreata in
Califyrnia dove la produzione delle

ooppic & avvenuty per opera dei sofi fo-
tont ohe sono le particelle costituenti a
e dove almensc une dei quali deve |
essere wirtuale, come s dice in gergo,”|
cioe deve esistere per una brevissima
[razione di tempa per scomparire poi
ito.,

A Stanford, infatri, sono stati messi
in gioco soltanto dei fotoni reali o ardi-
nan, offrendn cosi la dimostrazione
pratica di un fenomene previsto da lun-
o tempo, Talla enorme uzmemraz.lo-
ne di energia elefiromagnetica si € tiu-
sciti quindi & ricavare della materia,
dando una ulteriore dimostrazione,
quasi da librn di testo, della famosa for-
mula einsteiniana.

DISCOVER MAGAZINE - DECEMBER 1997

wneromsemoss 1o€4 There Be Matter

Discoveér

by Jeffrey Winters

Alben Einstein's epochal insight into the equivalence of matter and energy, elegantly expressed as E=mc2, has been

confirmed countless times, most dramatically whenever a nuclear weapon detonates. The process also occurs naturally--a st:
shines because atoms in its core fuse, transforming a sliver of matter into light. And when particles of matter and antimatter
meet, they annihilate each other in a blaze of energy.

But like any equation, E=mc2 works in both directions, at least theoretically. That is, it should be possible to convert energy
into matter. Now a team of physlclsts has accomplished just that: they have transmuted light into matter. "We're able to turn
opm.al photons into matter," says Princeton physicist Kirk McDonald, coleader of the team. "That is quite a technological
leap."

Of course, physicists would have been shocked if they couldn't get energy to convert into matter. After all, the entire univers
began with an explosion of energy--the Big Bang. And physicists who smash atoms together have witnessed the conversion
of energy into matter--"virtual" photons that flit in and out of existence just long enough to spawn the particles of exotic
matter routinely observed in particle accelerators. But such virtual photons aren't under the direct control of physicists; these
photons arise as part of a complex chain of events starting with a collision of two particles of matter. Until now, no one had
directly created matter from light. "Back in 1934 physicists realized that it would be possible to do this in principle," says
McDonald, "But it just wasn't technically feasible."

By the early 1990s, McDonald and his colleagues had all the technological pieces in place to conduct such an experiment.
The key piece was a laser capable of packing a tremendous amount of energy into a small space. The laser that McDonald
and his collaborators use at Stanford generates a trillion watts of power, enough to light every home in North America. But
rather than drain the national electric grid, the laser takes a rather ordinary amount of energy and compresses it into a pulse
for about a trillionth of a second. By focusing this pulse on an area of just 16- millionths of a square inch, the physicists
bathe a spot with an incredibly intense electromagnetic field. But even with this crowd of high-power photons squeezed
together, the energy is still only about a millionth of what's needed to make matter.
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WHY IS STRONG-FIELD QED INTERESTING?

* Relevant to numerous phenomena in our Universe

* Astrophysics: Hawking radiation, surface of neutron stars (magnetars), cosmic
ray propagation
*Condensed matter and atomic physics (Z>137)
*Accelerator physics: high energy e*e- colliders

*Transition from perturbative to non-perturbative regime

could teach us about other non-perturbative regimes, e.g. understanding confinement
[Gribov, hep-ph/9902279]

* And ..... what could be more exciting than probing quantum physics in a
new regime!?

*M. Peskin at Snowmass 20/21: ”...the motivation of exploring the regime is
very strong”

DESY. LUXE 19



ANALOGY TO HAWKING RADIATION

* Energy needed to create on-shell e*e- pair:
* Grav. Field near the event horizon:

* Schwarzschild radius . =>

* Energy to separate pair:

H. Murayama

Hawking radiation possible if virtual pair becomes real, i.e.

DESY. LUXE
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THE EUROPEAN XFEL

Electron accelerator:

e 2.1km 17.5 GeV SCREF linear
accelerator
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THE EUROPEAN XFEL

View along L3 accelerator section and undulator

European

XFEL

Injector L1 L2 L3 2

1.3 GHz module 4 modules 12 modules 80 modules

=150 MeV (1 RF station) (3 RF stations) (20 RF stations)

3.9 GHz 3" harm.

=25 MeV

300 kw |
1vodute (mry NmlA (A (A8}
[ ww
0.24 kW skw
9K ) 300 kw

n.c.Gun LH, Dogleg, BCO BC1 BC2 Collimation
1.3 GHz 300 kw
6 MeV 130 MeV 600 MeV 2.4 GeV 6t017.5 GeV
I t t t t f t T 1
2 ~ 2 Yo, 2% < ELEX
5 700) 70® %, ) % ‘b@ oo% 2
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EUROPEAN XFEL INAUGURATION

European

XFEL

Operating since September 2016
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THE EUROPEAN XFEL

Electron accelerator:

e 2.1km 17.5 GeV SCREF linear
accelerator

« 2700 electron bunches at rate | ST b European

« X-ray photons produced in 4 Jeiml
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LOCATIONS IN EU.XFEL TUNNEL

* Location at EU.XFEL.:

* Annex of shaft building XS1: at end of electron accelerator
*\Was build for 2" EU.XFEL fan foreseen for later (>2029)

* Design aims to have no impact on photon science programme
*Use only 1 of the 2700 bunches in bunch train (kicked out by fast kicker magnet)

s clcctron tunnel € electron switch

photon tunnel @ clectron bend

1 undulator B celectron dump

)
\\\\\\\\\\\\\\\\’

Annex of shaft building

linear accelerator SASE 1

XTD6 XTD26
XTD27

XTD28

XTD29 XFEL laboratory 2 (XHEXP2)
XTD30 dump shatt 3 (XSDU3)

p shaft 4 (XSDU4)
XTD25
XTD24
shaft 8 (XS8) and hall 8 (XHE8
shaft and hall 7 (XHET
XTI
shaft 6 (XS6) and hall 6 (XHEE
XTD22
XTD21
aft 5 (XS5) and hall 5 (XHES

XFEL laboratory 1
XHEXP1

dump shaft 1 (XSDU1)
dump shaft 2 (XSDU2)
XTDS
shaft 4 (XS4) and hall 4 (XHE4)
XTD4
shaft 3 (X83) and hall 3 (XHE3)
XTD 3
shaft 2 (XS2) and hall 2 (XHEZ2)
XTD2

or hall (XHM)

aft 1 (XS1)
d hall 1 (XHE

20



SCHEMATIC VIEW: BEAM EXTRACTION AND

il CAD model

XS1 Annex a

M. Huening, M. Scheer, F. Burkart, W. Deckirn




BEAMLINE LAYOUT

Design of magnets for beam extraction and then beam transfer to LUXE
* Most magnets use design already operating today in XFEL.EU
* New fast kicker magnets (2 us: kicks bunch at end of bunch train)

]

-¥

F. Burkart, W. Decking -

B Ly e, fem e e

extraction transfer line "y’

H "
A '*#""Ill {3 “::-

- ol
.i‘l

ih TD20

Kicker Magnet \
- o X

bt
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PICTURE OF TUNNEL AT XS1 ANNEX

* Shaft located at end of linear accelerator of European XFEL

* Dimensions of annex
* 60m long, 5.4m wide, 5m high
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XS1 BUILDING

Strecker

Regenerativer

Verstitker  pylsar

1. Verstikerstufe

2. verstirkerstufe. Strecker

Booster

3. Verstirkerstufe.

Kompressor

Figure 22. Schematic of the JETI system highlighting major
Jena. Front-end is shown in centre and power amplifiers right.

Current

of JETI-40 at the University of
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LASER TECHNOLOGY

mlmthA 1

nano-joule nano-joule joule
fErmto-secand nano-second nant-second lﬂr'ﬂh:-—ﬁ-ﬁt.l:rnd

Gérard Mourou Donna Strickland
Prize share: 1/4 Prize share: 1/4

* Use Chirped Pulse Amplification (CPA) technique

*Half of the NP 2018 shared by Gerard Mourou and Donna Strickland "for their
method of generating high-intensity, ultra-short optical pulses.”

* Use Ti:Sa laser with 800 nm wavelength (E=1.55 eV)
* Energy focussed strongly in both time and space => high intensity
* Experiment has two phases:

*Initially 40 TW (phase-0), later 350 TW (phase-l)

DESY. LUXE 3 1



LASER PARAMETERS

* Repetition rate: 1 Hz A"
* Pulse length 30 fs

o, Laser
- Collision angle: 17.2 degrees 7 Intensity:
Pormeter _lPhase | Phaseo | Phasel
Laser energy after compression s
[J]
Percentage of laser in focus [%] 50 E,: energy ())
Laser focal spot size w, [um] >8 >3 >3 At: pulse length (s)
Peak intensity [10%° W/cm?] 1.9 13.3 120 : focus area (m?)
Peak intensity parameter & 3.0 7.9 23.6
Peak quantum parameter Y:
E,..,.=16.5 GeV 0.56 1.50 4.5
E.  =14.0 GeV 0.48 1.28 3.8

beam

intensities achieved by de-focussing laser or stretching pulse

DESY. LUXE
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LASER BEAMLINE

Laser guided from laser clean room to
IP via 40 m long pipe and six mirrors

Laser cles
room

Final focusing done just before IP via
dedlcated Chamb%gsigned by I. Pomerantz (Tel Aviv U)

a) Microscope |
and fiducial '}

S b Exly
positioning & =%
stage Ay

Wedged
xwin dow

L = = — = f— -
Off axis : flat

parabolic
mirrar

N

. mirror

S ',,;“.'-.. f S :ocal
3 aser
flat N
: flat diagnostics
mirror S
DESY. LUXE 3



LASER DIAGNOSTICS

autocorrel

(a)

Beam
imaged

to laser

(Wizzler) |

(b)

microscope

P
e -
focus spot

ation+2w
‘spectrum
INSIGHT - dipole
magnet EGD

energy - fluence
diagnostics diagnostic
calorimeter+CCD (image of IP) (Sequoia)

Contrast gas

microchannel
nozzle plate(MCP)

*‘Need 3D characterization of laser: energy, pulse length and spot size
* Goal: 5% on intensity => plan many (partially redundant) measurements

DESY. LUXE
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e-laser mode

Compton process:

¥aLps detector (TBD) .
e-laser setupl0° Photons ALPs £l
(Not in scale) f—

Shielding

Scint. screen

>10-3 positrons:
Tracker +

Trident process: Calorimeter

.:: -:- :::...../,’/e‘——— y [ o
T PR ) - Zherenkov +
= Scintillator

. ) Dipole magnet 1
g Electron beam =

y«mﬂmm< from the XFEL ¢
e 4 Figure by N. Tal Hod

* Goal: Detection of electrons, positrons and photon fluxes and measure their energy spectra

* Particle fluxes vary between ~0.01 e* and 10° (e- and y) per laser shot!
* Use technologies adapted to respective fluxes of signal and background

DESY. LUXE 36



DETECTORS

* High rate regions:
e Cerenkov detectors
e Scintillator screens

* Low rate regions
* Silicon pixel detectors
*High granularity calorimeters

Two complementary technologies used in
each case for cross-calibration, reduction
of syst. uncertainties

DESY. LUXE



E-LASER MODE:

COMPTON SCATTERING

Low-energy photons
from laser

................................... ’//T

"wa
-----
----------------------
.....
"

e +tny, - e +7y

S 10°F a8 @ e
- - LUXE CDR o o 0 © 3
é N §

@ o * e 0 . .
E 10° -:= TE e e . E
8 - .
- - -
g - « ¢, phase-0 -
5 10;- * v ,phase-0 E
e e g, phase-1 -

i oy ,phase-1

1 E'_I i i I i i 1 iL I i i i l_i
0 4 5 B
3

* Expect ~10° electrons and photons per laser shot
* Chose detectors that can cope with this high rate => Cherenkov & Scintillator
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CHERENKOV DETECTOR

PMT leg

/" T mirror

X 107 =

~ . LUXE GDR :

% 2 10°= IP Cherenkov - e-laser E

O@( E 1 l',}E Signal H',w_;’sum ;

* Gaseous (Ar) Cherenkov detectors - — Btoronds z
* Low refractive index gas (Ar) and optical filter to reduce light yield 0 E

* Fine segmentation (1.5mm) to resolve Compton edges 10’ E

» See later 10 -

* Signal/background >1000 10 <

* Not sensitive to electrons <20 MeV -

IIilII|||I||||I||||I|||||| L
800 -500 -400 -300 -200 —-100 O

* Initially developed for ILC polarimeter - x position [mm]
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SCINTILLATOR SCREEN

* Basic principle

Particles / BX

* Camera takes pictures of scintillation light
Position determines energy

* Signal/background ~100 e
*Used e.g. by AWAKE experiment at CERN

chamber

Scintillator

<

N

00

<

T I T T T T T T T T T T T T LI L L L L L = I e e e e e B e e e e B e e e 1 o

107 1 % e | 05
- LUXE CDR 5 1055 LUXE CDR | —

- IP Scintillator - e-laser @ : 5 S Q

1 06 B i f 1 100 300 500 700 900 O
_ ) E 1 05 _ Slg nal E a r T T T T T 0

Signal e, Wn#lflﬂl = glectrons o r AWAKE 05 2

10° — Background e 8 ©_ Background L shes F
— Background vy w 1 0 electrons £ L - g

10° = | € sl “ 035 O
0 135 > 8 02 3 }:J
10 | 1ol “3 g
107 | e 1 DE b 0.0 g
m: : 10 E 2 o
: = € ut 5

: | 3 =

oo RORITR JUVEIY o AaCDED TN L N R S 0 et R ©}
—éﬂﬂ -500 -400 -300 -200 -100 0 —Eﬂ 40 -30 -20 10 0 10 20 30 40 50 Y 03 04 05 07 10 1520 40 5
(a) x position[mm] y position(mm) E (GeV) é
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https://www.nature.com/articles/s41586-018-0485-4

COMPTON-EDGE SHIFT

Compton energy spectrum modified: % 10° e T
* Compton edges shifted to lower energies 2 - LUXE CDR :
as electrons acquires an effective mass: 5 10¢ E

@ - 3

Ll - T — ]

108

—E=0.15 ]
10° — £=0.31 E
10* 4 6x109, 17.5 GeV electrons. 800nm laser  [E=0.01 — - £=0.78 .
102 ] 17° crossing angle, square pulse. %Zg:% - ~ 0t i £E=1.04 ]
] s —1|| ¢ UF E=1194 3
ﬁ 10" 4 £=2.0 — 3 B —&=3.1 .
m ~.
e lﬂﬂ - : 1 11 I 1 1 11 I 1 11 1 I 1 1 1 1 I 1 11 1 | 11 1 1 I 1 1
4 9 10 11 12 13 14 15
8 1070 5 A
2 Electron energy ieV]
A 102 4
on .
o
~ 1073
10 4 \
=> Goal: measure these edges
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COMPTON-EDGE ANALYSIS: RECONSTRUCTION

< oop g 200 .
G [ LUXECDR  ansraae N 1 E
5 OF g E
= = —— Reconstructed o [~ _
= o° 1000 ]
s W0F - 3
- 500 -
10" : - .
- 3 ok il—r'_l—l_l—'_l_.—r_:
10°¢ = : ]
= = —500 -
1025 E —1000F =
104_ - _150[}?_ PR T N T T T T T T T T Y I A B B |:|:

DE 1 |2 |£|I.| é é‘ |1|U| 1 |1|2| 1 |1!4| 1 1|§ 9 10 11 12 13 14 15
Energy [GeV] Energy[GeV]

* Gaussian laser pulse: superposition of different { — edges overlay in spectrum
* Position and shape of edges sensitive to dependence of nonlinear Compton cross-section on ¢

* Edge reconstruction vis Finite Impulses Response Filter (FIR) — max. in response = edge position
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COMPTON-EDGE ANALYSIS: SIMULATED RESULT

5’ 1?_III|III|IIIIIIIlIIIIIIIlIIIIIIIlIIIIIIIlI_
& [ LuxeCDR 4 Reconstructed I  Phase-O
g, 16 — Calculation —
b - --- AE=5% .
5 B =
S 151 —
- - ]
8 N ]
131 =
12—_II |III|IIIIIIIlIIIIIIIlIIIIIIIlIIIIIIIlI_—
0 02 04 06 08 1 12 14 16 18 2
SNom

* First harmonic kink position (edge of maximum ¢) as a function of ¢max compared
to theory prediction
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PHOTON DETECTION SYSTEM

¥aLpe detector (TBD) (77

ALPs Acsl

yamp °* Three detector technologies

* Spectrometer with scintillator
screens behind converter

Measure flux and energy spectrum

\ * Backscattering calorimeter
I Rav Measure flux

-~ Cherenkov counter * Gamma profiler (sapphire)
Measure location

e-laser setup

Co
et calorimeter

e™ pixel tracke;,/‘

mpton ¥’s..
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PHOTON SPECTROMETER

* Up to 10° photons per bunch crossing with ~GeV energies

* Energy spectrum measurement

* Spectrometer with scintillators behind converter

*Energy resolution <2%

——
=

z
Santillation Response [photonsgx)

1wt

w [riml

=

0.025

0.02}

0.015

0.01

0.005

e I e e - L L S e DL S R
LUXE CDR

b)

5 10 15 20 25

Energy (GeV)
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PHOTON ENERGY MEASUREMENT

"y : Qﬂ)&r B0 L B I L T B

E =N o

:;} —_— % LUXE CDH =—#— Simulation Input Spactrum
% R Q-. 7 —#— Reconstructed Spectrum
- 4 10?

£ deconvolu g

£ te g

gl

- §
—
= g
—
dN,
dE
3

III| l |||I|||| | II|iI1|| L b i

h‘ﬂ | @

2 3 4 5 6 7
Electron energy [GeV]

Photon energy [GeV

Alternative way to reconstruct Compton edges
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PHOTON FLUX

* Up to 10° photons per bunch crossing with ~GeV energies
* Flux measured with

* Spectrometer

* Backscattering calorimeter (lead glass blocks)

120[});(1{')3' T I T T S‘ EDUD_ n _|
i — Q
Z | LUXE CDR .y 8 T Luxecor .
1000 spectrometer = L4000 Calorimeter -
BU[}: : o« 10pum b
[ ] - o+ 20um . ]
_ : 30001~ | gohn Lt .
600~ = - i
i ] 2000 ; : -
400 ] - g, .
i i 1[]0(]_— ’ —
200 7 ; .
1 7 - -
i ". . | [ Cl .‘x‘lUﬁ

ol - e L '260‘*105 % 50 100 150 200 250

-::N’p- N7
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GAMMA PROFILER

* When using polarized laser, expect angular spectrum of photons to depend
on ¢ for and distance from IP of 6m:

* Parallel: m, Perpendicular: m
* Ellipticity is independent measure of laser intensity parameter

Ein = 16.5 GeV, ap=1.00

o) (y8,)=0.703, 0, (y8,)=0.752 Eiﬁ' — 155 GEU, al] —_ Bﬂﬂ
o, (y6,)=4.43,0,(y8,)=0.878  D. Seipt/HI Jen.

-20 -15 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

- Measurement of 5 m provides constraint: for {>2

r-
c
>
m
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Positron Detection: e-laser mode

Low e* rate: different
technology than on
electron side

e-laser setup

- '"5221125'::::E::::::::::::::::::/ (Not in scale)

; >10-3 positrons:
"‘””WW"< Tracker +

Calorimeter

Electron beam
from the XFEL .~

¥arps detector (TBD) |m.
ALPs At/

WP » dump

Backscattering calonnmeter
Shielding ———
Scint. screen -

.~ Cherenkov counter

Cm | fjl e~ system

'

=  Scmt screen Figure lgy N. Tal Hod
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-laser mode

Figure by N. Tal Hod (Weizmann 1) y dump

.....
LT
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LT

v-laser setup
(Not in scale)

Backscattering calorimeter (.- .

llllll
oy
+++++
= LT

Shielding a— @ @ e,

e~ dump
Dipole magnet 1 )&

e™ pixel tracker

Photon beam
(Bremsstrahlung y’s) .~ P
.-"'q\-'

e+e- pairs:
same rates

Laser pulse 4=

Shielding

Scint. screen & Cherenkov counter(yg monitor) Vie
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ELECTRON AND PHOTON LASER MODE

Photon + LASER Electron + LASER
Sereen Cearankov
Tracker I e ——— Screen kol
................................. > Hll“"g"amTkI.ﬂ.pﬁm,
racker
e or y beam HEEEN -2.5om seperalo

Ll 55y

Mo

base platform

* Very different e- rate in e-laser and photon-laser modes
*need to change detector technology when photon-laser run starts
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PAIR PRODUCTION

- — +i+e ¢ - +66
e+n He +e y+n1} _)e +e -'-':;:'1[.“] II|III|IIIIIIIIIIIIIII|III|III|III|II
g L 3. . LUXE CDR — e-laser 5um, &= 3.1)
r—._ I e —-—- edaser 10pm, & = 155)
e _— e e’ T 100 —— 1, laser 5um
s T E‘ 7 —--- Yg laser 10um
o 10 — Voo laser
& 10°
Y = ¥ e 10°
/ i i 1(]4
e

* Three methods for producing pairs
* Compton photons inside same laser pulse => largest rate
* Bremsstrahlung photons produced upstream => highest E
* Compton photons produced upstream (E=9 GeV)

—_—a_d
a4

B 1

1!] 2 4 B 8 10 12 14 16 18
E (GeV)

@ beam for timing
ZnTe. I 3w beam for ICS
analyser F

CLTTLTTTEETTPT LT i

Compto

e beam remc;\;;ble Q)
focus diag with hole removable Photons
gamma
target
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PAIR PRODUCTION

- - ( +44
,,,,, £ 40tk ¢ e-laser: phase-0
..................... PR G e 2 E o vy -laser: phase-0
i T € T A e € 2 10°F B .
ey T 5 = e-laser: phase-1
8 02k ° TB-Iaser. phase-1
= = o YICS-Iaser: phase-1
et Y - :E, 10_E A
e Mt\< TWNWWMW i E
— e 1%’ .
10 8
B .
102 LUXE CDR o
o °,
7x107" 1 2

*Expected event rates
* Electron-laser mode: 102-10* e*e- pairs
* Photon-laser mode: 10-3-1 e*e pairs
*Need good background rejection and good linearity
* Silicon pixel tracker and high granularity calorimeter

[T BN | IIII|,|,|,|I IIII|_|,|] III|_|_|,‘ IIII|,|,|,|I IIII|_|,|,|I IIIII[II IIII|,|_|,| 111H
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TRACKER

}—'
Spaceframe

—‘_

Pixel Chips \ HIC
FPC /

* Four layers of ALPIDE silicon pixel sensors

*Sensors developed for ALICE tracker upgrade
Pitch size: 27 x 29 ym?=> spatial resolution ~5 ym

* With tracking:

*Background: <0.1 event per bunch crossing

ﬁ T T T 7] L L BN
2 10? == LUXE CDR Signal positrons 3
8 F e+iaser (5 um) ]
= B —— Reconstructed tracks 7
10 -+'- —
= i 5
e * bﬂ E
] 1 ! ] L1 ! L1 L1 ! L1 ] T
2
L5
T bbb g T
[ BRI TTTT TTH]
0.5
iy i 6 810 12 14

16
E [GeV]

N. Tal Hod, A. Santra (Weizmann 1)
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HIGH GRANULARITY CALORIMETER

t:l.ull_u0.2_||||||r|

t LUXE CDR
0.18 .
\ Calorimeter - e-laser

T 'I T T T

* High granularity calorimeter
*20 layers of 3.5 mm thick tungsten plates

T T T ] }10:
. e*withoutbkgfrombeam_: . BI_LUXE COR
3 £ BF
. = u
e e'withbkg frombeam | 2 4
p oF
= oF
3 —2F
3 -4F
. —BF
g O e e oy [E g SR : _B:_
8 10 12 _.1 :IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Positron Energy [GeV] % 10 20 30 40 50 60 70 80

*Silicon or GaAs sensors (5x5 cm?pads, 320 um thick), Moliére radius 8 mm
*Readout via FLAME ASIC (developed for FCAL)

* Resolutions: ,

*Independent measure of energy via position and calorimeter => N

particle

DESY. LUXE
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BSM PHYSICS

* Three ideas being explored at present

1. Use high photon flux from strong-field Compton process for beam dump type experiment => neutral
particles that couple to photons (axion-like particles)

“ I'target/shield

/ r
E_ ¥
- —= h-#c(: detector
i} el =
'L‘.‘T I‘ﬂ

2. Produce directly neutral particles at IP => neutral
3. Milli-charged particlegg OF € ”

ﬁl.

les tg:ﬁbgﬁagg'y.ﬁp photons or electrons
detector

G. Perez, Y. Soreq et al.,
to be published
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SENSITIVITY TO AXION-LIKE PARTICLES

* Photons dumped on beam dump

* Converted to axion-like particles (ALP, ) via Primakoff effect
Sensitivity to masses of m(a)~100 MeV

* ALPs decay to photons after some lifetime t

YceN — QN

* Place detector behind dump
*Measure energies and angles =>
* Also determine lifetime by reconstructing decay point

*Could use e.g. calorimeter with good pointing resolution (tbd)
E.g. SplitCal by SHiP looks good (JINST 13 (2018), no. 02, C02041)

BSM Detector
(with pointing)

DESY. LUXE
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SENSITIVITY TO AXION-LIKE PARTICLES

* Sensitivity estimated for 1 year
assuming no background

* This still needs to be verified!!!

- Competitive with other ongoing and  10-=
planned experiments

*e.g. similar to FASER?2

10734

1/Ap(GeV™]
3

Beam Dumps

lﬂ_ﬁ; 4

| LUXE cDR
| Fpell 5, 23 ke deecsizmrmlion
e
mp[GeV]




CONCLUSIONS AND OUTLOOK

* Exciting opportunity to explore QED in new
regime using European XFEL and high
power laser

* Observe transition from perturbative to non-
perturbative regime of QED

* Parasitically use for BSM physics

* Goal is installation in 2024 during extended
shutdown planned for European XFEL

* Conceptual design report will be released
within the next week

* Interesting detector technologies used, S. Weinberg (03/2019): “My

optimized for physics goals advice is to try crazy ideas

* Reviews starting and innovative experiments.
* We welcome new collaborators Something will come up.”

DESY. LUXE 5g
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GOALS OF THE LUXE EXPERIMENT

Probe QED in a new regime

* Measure interaction of real photons with electrons and photons at or beyond
the Schwinger limit, thereby probing a new strongly coupled regime of quantum
physics

* Measure non-perturbative production of e*e- pairs from light

* Make precision measurements of ey and yy interactions in a transition from the
perturbative to the non-perturbative regime of QED

* Use strong-field QED process to design sensitive search for new particles
beyond the SM that couple to photons

DESY. LUXE
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SILICON DETECTORS

NWELL NMOS PMOS
DIODE TRANSISTOR TRANSISTOR

‘ Spaceframe & Cold Plate

\

Pixel Chips

HIC
FPC

Epitaxial Layer P-

* ALPIDE pixel detectors N. Hod (Weizmann Inst.)
*Developed by ALICE collaboration

*Staves of 27 cm length; sensor size 1.5x1.5 cm?
Achieve full coverage with two staves placed next to each other

*Pixel size: 27 x 29 ym?=> Spatial resolution ~5 um
*Plan to use four layers staggered behind each other
* Redundant tracking possible, important for beam background rejection

DESY. LUXE 6



CALORIMETERS

4 sectors:
10k Rl . g

Kapton-copper fanout

Outer active radius|

LumiCal Silicon sensor
R =195.2 mm
23 High voltage kapton

3 x 100 pm
guard rings

Inner active radius

Carbon fiber support
R =80.0 mm

Y Benhammou, H. Abramowicz, A. Levy (Tel Aviv
* High granularity silicon Tungsten calorimeter

*Developed for luminosity measurement at linear colliders (LUMICAL)

20 tungsten absorber plates (3.5mm), Si layers in gaps (320 um)

* Geometry adapted to fit needs of LUXE (~50cm long, vertical spread <1mm)
*Moliere radius 8 mm, Prototyped and test beam measurements available
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HIGH-ENERGY PHOTON FLUX

1.0m 1.0m 1.0m 20m

Lam Geants

Geantd with selections [xLly] < 25pm
PDG formula

photon
converter

Positron =5

detector
10-15 Cherenkov ——
g counters ——

’ Absorber ‘

. . . UlUE: Ratio mean: 00515 | ’ | IWM
- Simulation of converter using Geant4 05 o e
I GeV
* Tungsten Target with 0.01 X, (35 pm) => 1% at IP E, (GeV)
* Spectrum of photon energies important to know I G | e’ e
=q40'? |- | Envies 62640250409 | | Entries 1622485

-Measure by observing electrons and positrons right after '
dipole magnet .y

* Particle detection

*2T magnet followed by array of Cherenkov detectors
measures flux vs impact position => energy spectrum R R S B TRV )

E (GeV)

04
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PHOTON

ENERGY MEASUREMENT

tungsten
foil -k,
Ebeam e-
F
EV

i 1 g

Number of entries (normalized)

10°

*‘Photon energy determined from
measured electron energy to within

~10%:

| T ] T T T T I T T T T I T T
— LUXE Simulation, 20190811_magnet_evid —
- -¢-NO cuts -
- -- detector acceptance cuts 7
- RMS=8% ]
= - =
— - _
= ++_._ +_._ 2
o o

= - & +| +::: . ==
[ ...:::4: . ]
- e S o

-.E
E I | 1 | 1 1 1 | | 1 1 1 1 I | 1 | 1 =

1.05 1.1 1.15 1.2 1.25

(17.5 GeV - E%) / E™*™'

M. Saimpert, DESY
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GENERAL OVERVIEW: XS1 BUILDING

Laser clean room

Laser beam-line

Magnet

I/

Beam pipe = | i
Target Shielding

Shielding and electron Dump
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PAIR PRODUCTION PROCESS

* Process not possible in vacuum in classical
electrodynamics

* Pair production in a constant static field via
tunneling (“Schwinger process”)
i

gpp mi [|B| S 1 E. B
T {E‘.rr}-*(Er Zlnzo'-:p —mrﬁ exp TIE|

* Pair production in plane wave laser: asymptotic ...

3 ."_ E| ] 1 m, E. o100}

Fopppe o - 1 0s - o.0s0 F
OPPE T g\ 2 (14 cosb) E. " [ 31+cosf wi |E| Z

* Good agreement between full calculation and ot

asymptotic result for and

0.0

Ee10" s L " 4 L
1l 0105 0.4 050 1

NT /NQT AIXJe eidel ‘N ‘blembuly 'V ‘Ulliel] v/
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LUXE PARAMETER SPACE: THEORY VIEW

=
=4 T S [ P— ; —
E - 23 |
g 5:—'53% : Xv | three processes at LUXE
0 : Linear i Fully nnnpenurbative: | TOXE Candidatc Processes |
O _ ! |
Q :
qu:J 1 S S _ o z{ Nonlinear Compton e ety
P = ’ :
+ 0.50 i
('_U |
&) ‘< Nonlinear Breit-Wheeler Yy—e e
- Multiphoton Tunneling
0.10f|~&"™ ~Xye X |
0 05:/.’/ . Do ; : e : ; Nonlinear trident et et te e’
- 0.5 1 2 10
¢ Laser intensity

* LUXE will probe three different regimes as the laser intensity is varied
* Dedicated teams for calculations and simulations contributing to LUXE

* All results based on custom simulations (A. Hartin, UCL)
Cross-checks by other theorists involved ongoing (Gothenburg, Plymouth, Skoltech, MEPHI, Jena)
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BSM SENSITIVITY

._;-‘\‘ T
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T 300 T
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STEVEN WEINBERG

* Steven Weinberg (03/2019, interview at APS):

* Do you think the problems faced by particle physicists today are
different from those that you faced as a young scientist?

* | do. It was a different situation 50 years ago. Back then, we had
experimental data coming out of our ears, and a lot of it didn’t seem to fit
any pattern. The problems seemed formidable, but there were so many
ways to go with new theories. It really was a thrilling time to be a physicist.

* Nowadays, it’s very hard to think of a challenge that we can get our teeth
into. The current puzzles don’t offer theorists many opportunities to
propose solutions that can be tested experimentally.

* Do you have any advice to offer the next generation?

 Winston Churchill had a motto at the beginning of World War Il: “Keep Steven Weinberg,
buggering on.” In that spirit, | think it’s better to do something than to do NP 1979
nothing. My advice is to try crazy ideas and innovative experiments.
Something will come up.

DESY. LUXE 20



SNOWMASS SESSION: HIGH FIELD PHYSICS WITH
INTENSE ELECTRON AND LASER BEAMS

i= Contribution list OCt- 7th 2020

Wed 07/10

13:00

Schwinger field physics
Zoom 20

SLAC E-320 experiment
Zoom 20

LUXE experiment

Zoom 20

One-sliders

Zoom 20

&l Print PDF Full screen Detailed view Filter

13:00 - 13:10
Sebastian Meuren &4

13:10 - 13:15

Beate Heinemann [

13:15 - 13:20
@

13:20 - 13:23

More interesting issues concern modeling and
emergent behavior:

The pairs in the e+e- plasma created by Schwinger fields
are produced coherently. What is the effect of this
quantum coherence ? Are there prominent plasma
modes enhanced by this effect ? Is there nonlinear
pattern formation ?

This is an unexplored regime, so we should expect
surprises.

Fascinating nonlinear phenomena arise from coherent
effects in high-harmonic X-ray generation and from
spinodal decomposition in alloys and polymer solutions.
Why not here?

Thus, the motivation to explore the y > 1 regime is very M. Peskin

strong.

https://indico.fnal.gov/event/44870/sessions/16264/#20201007



https://indico.fnal.gov/event/44870/sessions/16264/#20201007
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