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Atoms with electrons and nuclei
Nuclei with protons and neutrons
Protons and neutrons with quarks and gluons

quark
gluon
electron
muon

fau

neutrino

bosons

meson

baryon

What matter is made of:

o atom
\, photon

Nucleus
Size = 107¥m__

-

Structure within
the Atom
Quark

Size < 1071°m

Electron
Size < 10718 m

A

~ Neutron
~——— and
~ Proton

, Size = 10~1° ¢
Atom
Size = 10710 m
If the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.



HISTORY OF THE UNIVERSE

Dark energy
accelerated
expansion

Structure

Cosmic Microwave ;
formation

Background radiation
is visible

The Quark Gluon Plasma (QGP) is hot
matter of free quarks and gluons.

rse

;-—Etr\;i SanNara9n\
rnign-energy

cosmic rays ‘

QGP existed at temperatures above
1 Trillion Degrees Celsius in the early
Universe.

)

LIVW VA 31815508

2

100 micro-seconds after the big bang

the QGP ceased to exist, as temperatures
cooled and quarks and gluons were
bound in protons, neutrons and other
baryons and mesons.

t = Time (seconds, years)

lon collisions at the Relativistic Heavy ¢ = Enoray (GoV) %
. = Energy (Ge
lon Collider (RHIC) and the Large Hadron Key “

Collider (LHC) can re-create temperatures O ok g e B W s
and QGP as it existed 1-20 micro-seconds R 9" Mg '
. ) electron o atom w galaxy
after the Big Bang. - meson o
ﬁ?, i @  baryon f\, photon '_’ hoa|:
. Particle Data Group, LBNL © 2014
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HOW TO STUDY THE QUARK GLUON PLASMA?

. - LatticeﬁlQCDl-

Neutron Stars

e ; j

Who wants to wait?.. 2 # - | g ° . 'Experimentalists!

ATLAS —ZDC + RPD 11-11-2025




CALORIMETERS - MEASURE PARTICLE ENERGY

Muon _ How do calorimeter measure particle energy?
Electron
Charged Hadron (e.g. Pion)
i e L T S TR (1) Primary particles create showers of secondary
: particles through interactions in dense materials.
Magnetic
field, 4T (2) Charged secondary particles generate light in

M optical radiator material.

(

(3) Light output is measured and recorded.

Silicon

Iracker | . . .
£ b (4) The instrument is calibrated so that one can
" ‘" achomgRetc 0 infer the particle energy from the light output.
: | Calorimeter

Hadron
Calorimeter

Trahsversé vView
of LHC detector

ATLAS —ZDC + RPD
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CALORIMETERS - MEASURE PARTICLE ENERGY

Tracker EMC HCAL
Muon | W LA SRR L

Electron :
Charged Hadron (e.g. Pion) .~ ei
- = = = Neutral Hadron (e.g. Neutron) B
“““ Photon

Magnetic - * el B = Y
field, 4T \ -

(

v\
. ,? .)..'. A
| " N
100

)

! m‘"\l‘l‘ ‘““Ml(..bA '40‘.‘,)
l
f
‘
l
!
!
.
B
]
O
=
e o,
-+

! — — ]
|
: Neutral e | | 0
= J euurd S n, K
Silicon \:: -— — ) .’
Iracker | \ | |
= / _ | — | s =
| R e - - — . | ! u
" Electromagnetic T | 1§ |
‘ Calorimeter
'" | The response of tracker, EMC and HCAL
i identify electrons, photons, charged hadrons,

_ | neutral hadrons and muons
Transverse view

of LHC detector
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HEAVY IONS - IN A NUTSHELL

* Investigate the early
universe via
characterization of the
Quark Gluon Plasma

(QGP)

Hadronic A+A
collisions

¢

UIUC ATLAS - RL

|

|

NS

@

—_—

® Precision Quantum
Electro-Dynamics

* Study of the nuclear
structure

A
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HEAVY IONS - IN A NUTSHELL

Hadronic A+A
collisions

Geometry in these
collisions drives nearly
everything

Distinguishing between
these classes of physics
processes is key to

o\ having a proper trigger
A for the experiment

—

\

A W

L

|
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ZERQ DEGREE CALORIMETERS

eSo far - we have discussed calorimeters for large area particle experiments - to be installed in the
detector barrel to provide comprehensive particle detection

e\When colliding ions - additional calorimeters are usually installed on the beamlines: the Zero Degree
Calorimeters (ZDCs)

eThe ZDCs measure spectator neutrons that did not interact in the collision
eThe ZDC is installed in the Target Absorber for Neutrals (TAN), at £140 m from ATLAS IP

Beam

Spectato IS, Separation
traveling to ZDC Dipole

Spectators

Transverse
plane view

Beam
Separation
Dipole

Spectators

Participants
(generating products

Beam axis view
NIPSEVOIRYEN)  detected in the barrel)




ZERQ DEGREE CALORIMETERS

eSo far - we have discussed calorimeters for large area particle experiments - to be installed in the
detector barrel to provide comprehensive particle detection

e\When colliding ions - additional calorimeters are usually installed on the beamlines: the Zero Degree
Calorimeters (ZDCs)

eThe ZDCs measure spectator neutrons that did not interact in the collision
eThe ZDC is installed in the Target Absorber for Neutrals (TAN), at £140 m from ATLAS IP

ZDC location in ATLAS

. TAN

August 2023




ZDC: FROM NEUTRON T0 ELECTRICGAL SIGNAL

Spectator

EM

neutrons

"

eNuclei in the W absorber interact with neutrons - generating a high-energy particle shower
eThe charged fraction of the shower generates Cherenkov light in the fused-silica rods

HAD1 HAD2 HAD3

neutrons

positrons Zat
protons -

L]

neutron

PMT

Light-guide

Tungsten \

eA considerable fraction of the light is retained within the rods by Total Internal Reflection (TIR) and travels
towards the extremities of the rods

e At the top of the rods, the light is injected into an air-light guide, that focuses it over a PMT window — the
PMT converts the light into an electrical signal!

ATLAS —ZDC + RPD

11-11-2025



ZDC: FROM NEUTRON T0 ELECTRICGAL SIGNAL

EM HAD1 HAD2 HAD3

neutrons
PMT
positrons I |
prqton_S_ - B Light-guide
Spectator e
neutrons | gl
H‘ | ‘ ‘ Fused silica
u T rods

ZDC @ CERN e\Why Cherenkov radiation and not
SPS Test directly a detector? With the TAN
Beam, pasty radiation environment, a PMT

summer would not survive too close to the

detector core

ATLAS — ZDC + RPD 11-11-2025



Z0C AS PRIMARY PROGESS TAGGER

*By counting spectator neutrons, the ZDC can infer the type of 2 O imadproiminay PG Soeston Z 80 ariad ey WBSdedion’ ||
. . . .- . Q | 3E7A'<20GeV  Pb+Pb2018,0.8 ub” Q | Era >20GeV Pb+Pb 2018, 0.8 ub™"
interaction between the ions and the geometry of the collision W[ orsEg<20Gev B [ aeEcsmey
&5 :i‘-=' T e 1 - .-: t At o |
*No neutrons on either side (“OnOn”) is typically from y-y a
processes 40 i 40l d
:
eNeutrons only on one side (“ ”) is typically from
20 - 204 i
photonuclear processes
. ‘“ ” . i ____________“ (et é..-h_-,;_;_l_ L , =
eNeutrons on both sides (“XnXn”) typically come from 0 T 05 T R R
: : OnOn Joc OnOn Joc
spectators in hadronic processes EZ°C [n] EZ°C [n]

X2

Pb Pb*
Pb Pb*
u- V% W pT
/ A\\\* X1
k1 ’&\\\\W// \ 4
& .

K

|

\

Pb <_

"spectators” A

T
V

[ I [
0

-
S

L
10

. -15 -10 -5

z (fm)

Ann. Rev. Nucl. Part.
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https://www.annualreviews.org/doi/abs/10.1146/annurev.nucl.57.090506.123020
https://www.annualreviews.org/doi/abs/10.1146/annurev.nucl.57.090506.123020

REACTION PLANE DETECTOR, RPD, IN THE ZDC

reaction

0.25

Vo — | ATLAS 30-40%, EP
0.2 F|V3 =" | narow: ., =04 fmic
wide: toyitcn = 0.2 fm/lc

0.15

= 0.1 ¢
Heavy ion collisions (and pp and p+PDb)

show strong evidence for hydrodynamic 005 | ]
evolution in the final state, observed -t - =
with Fourier coefficients of azimuthal 0

distributions v, relative to “event plane” 0 05 1 15 5
(defined by angle of maximum particle emission) o- [GeV]

Measuring V1 (“direCted ﬂOW”) IS difficult without Gale ot a|, PRL 110 (20«]2) 012032

a direct measurement of the “reaction plane™:
available using correlated deflection of neutrons

(first done at LHC by ALICE in 2015)

12

11-11-2025
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ZERQ DEGREE CALORIMETERS +

eSo far - we have discussed calorimeters for large area particle experiments - to be installed in the
detector barrel to provide comprehensive particle detection

*\When colliding ions - additional calorimeters are usually installed on the beamlines: the Zero Degree
Calorimeters (ZDCs)

eThe RPDs measure the shower shape induced by spectator neutrons in the ZDC
eThe RPD is installed in the Target Absorber for Neutrals (TAN), at 140 m from ATLAS IP with the ZDC

Beam

Spectato IS, Separation
traveling to ZDC Dipole

Spectators

Transverse
plane view

Beam
Separation
Dipole

RPD

Spectators

Participants
(generating products

Beam axis view
NIPSEVOIRYEN)  detected in the barrel)




ZERQ DEGREE CALORIMETERS +

eSo far - we have discussed calorimeters for large area particle experiments - to be installed in the
detector barrel to provide comprehensive particle detection

e\When colliding ions - additional calorimeters are usually installed on the beamlines: the Zero Degree
Calorimeters (ZDCs)

eThe RPDs measure the shower shape induced by spectator neutrons in the ZDC
eThe RPD is installed in the Target Absorber for Neutrals (TAN), at 140 m from ATLAS IP with the ZDC

Beam

Spectators, Separation
. Dipole
traveling to ZDC
Transverse . Spectators
lane view

P O o O P Beam

S ti
o 00 e ZDC + RPD

Dipole

ZDC + RPD
n>93

Spectators

Participants
(generating products

Beam axis view
NIPSEVOIRYEN)  detected in the barrel)




REACTION PLANE DETECTOR,

ATLAS Run

A "

3 RPD — Sheng Yang (NPRE+Physics)

‘q\- =

- ATLAS RPD Installation — 9-2023
ignal

and HV

PMT
Array

LED Gain
Monitor

Fused
Silica
Fibers

Active
Area

(a)

Figure 2.17: Side-by-side diagram of the finalized ATLAS RPD for Run 3 (a) and the
corresponding technical drawing (b). Note that the front panel was removed for
demonstration. Taken from [39]

ATLAS —ZDC + RPD

<
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ZDC WORKING PRINGIPLE: GHERENKOV LIGHT

eThe ZDCs are tungsten fused-silica sampling calorimeters Direction of the emitted

*\W = passive absorber; fused-silica = Cherenkov radiator Cherenkov Light

\When a charged particle travels faster than the speed of light in a certain T

~
~
~
~
~
~
~
-
~
~§
~

medium (characterized by index of refraction n), it loses energy by
emitting Cherenkov radiation

"""""""" Direction of the
traveling particle

Cherenkov light threshold V> —5—=8>= P T oc

VAN

e|In a time T, the particle in the medium travels a distance Vt, while the

light it emits travels a distance Ct /N. The wavefronts of the light emitted 1
6, = arccos(—

np
ATLAS — ZDC + RPD 11-11-2025

by such particle form a cone with half-opening angle 0




ZDC WORKING PRINGIPLE: GHERENKOV LIGHT

eThe ZDCs are tungsten fused-silica sampling calorimeters Direction of the emitted

*\W = passive absorber; fused-silica = Cherenkov radiator Cherenkov Light

e\When a charged particle travels faster than the speed of light in a certain

medium (characterized by index of refraction n), it loses energy by
emitting Cherenkov radiation

,,,,,,,,, Direction of the
traveling particle

Cherenkov light threshold V> —o—=0>—

Cherenkov light emitted
from light water reactor

e|In a time T, the particle in the medium travels a distance Vt, while the
light it emits travels a distance Ct /N. The wavefronts of the light emitted
by such particle form a cone with half-opening angle 0

ATLAS — ZDC + RPD 11-11-2025



ZDC CHALLENGES: RADIATION

== o CERN FLUKA team (F.Cerutti, M.S.Gilarte) provides
detailed simulations of the radiation environment in

the TAN

e Peak radiation load on the ZDC estimated to be of
several 5++ MGy !!!

il
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[krad for 1 nb-1 integrated luminosity]

To have stable operation - the zdc needs radiation hard
U e materials
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5w A ] . /| 091001 (2022), Yang (NPRE
Lol W Mmd 0 ® FLuKA ¥ grad), Tate (NPRE grad), RL et

-+ Beam Loss Monitor data al

: eBenchmark against LHC Beam Loss Monitor data:
Pe FLUKA can describe radiation levels in the LHC

15 25 35 45 55 65 75 85 95 105 115 125 135 145 155
Distance from IP1 [m]

e R R e T R T tunnel within 20% uncertainty
"
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https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.25.091001
https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.25.091001

RADIATION DAMAGE IN FUSED SILICA

from Sheng Yang’s thesis

t

»
|

L

Figure 2.18: Comparison between brand new GE214 [41] fused quartz rods (right) and the
same type of rods irradiated in the LHC during Run 1 (~ 10 MGy, left).

ATLAS — ZDC + RPD . 11-11-2025



COMPARE TO TYPICAL SOURCE FOR DETECTOR CALIBRATION - GS-137

-
1;;(:5 ';_ |
00(Cs13/ o v\\ ® -

30.17 a -.'.':__'0.)C?4’0 "® e- 7 -~
75](30 N ~ me e
2
N 56Bal137m
e 7 e (.66 17 11/2-
"ZA £.20M
?@
V2 0.6617 MeVy
DOy B6Bal3’ .
stable
Source ~ 0.00006 Gy/h ZDC~ Run-1 4,000 Gy/h

Run-4 120,000 Gy/h (lethal does, LD50, is ~ 5 Gy)

ATLAS — ZDC + RPD . 11-11-2025




RADIATION DAMAGE IN FUSED SILICA

» Increasing number of defects

General defects )
© Oxygen rich material and color centers induced by
NBOH - center = _ s =g
Grygen Oxygen deficient material radiation damage decreases the
S transmission
243 nm H . . . .
/ » Materials with a high purity level
Twofold H .
coordinated \ H, - molecule show a lower absorption and a
silicon & i
247 nm S //Si\ better radiation hardness.
. = . .
& - confer » In the UV region:
~ 215 nm . .
» Saturation of absorbing
Cl, - molecule defects by H»
320 nm

» Decrease In transmittance
more pronounced/rapid
» Our results represent the first
study of radiation hardness of
fused silica exposed to high
energy hadron cocktail

2.73 ym 1.39
pm

Schematics showing known defects to SiO4 tetrahedral
characteristics (courtesy of Frank Nuernberg [Heraeus])

ATLAS — ZDC + RPD . 11-11-2025



IRRADIATION OF FUSED SILICA MATERIALS

eFused silica rods irradiated over 3 years (2016-2018) in the TAN
(IP1), in a BRAN detector prototype
e|nstalled in addition to the actual BRAN detector (ion
chamber) for p+p running only BRAN detector 3 X
eDuring HI the ZDC replaces the copper bars ol R TS absorbers
eEquipped w/ different fused silica materials Ly B R

Collaboration with Heraeus

Accelerator Side Wall

I BRAN detector

| Beam - I BRAN prototype

z I Copper absorbers

Accelerator Side Wall

ATLAS —ZDC + RPD 11-11-2025



IRRADIATION OF FUSED SILICA MATERIALS

eFused silica rods irradiated over 3 years (2016-2018) in the TAN
(IP1), in a BRAN detector prototype
e|nstalled in addition to the actual BRAN detector (ion
chamber) for p+p running only
eDuring HI the ZDC replaces the copper bars
eEquipped w/ different fused silica materials

Position

Control

. . ‘ "’ JJ_ “, 4 P
Collaboration with L lej A6=210 J
—”/ Wl G /’
Accelerator Side Wall
y I BRAN detector
| Beam - I BRAN prototype
z I Copper absorbers

Accelerator Side Wall

Bran Irradiation

Period

12/2018

12/2017

12/2016

12/2018

12/2017

12/2017

12/2018

Spectrosil 2000
(High OH, Mid H3)

___________________________________________________________________________________________________________________________

04/2016 -

Spectrosil 2000
(High OH, Mid H3)

___________________________________________________________________________________________________________________________

04/2016 -

Spectrosil 2000
(High OH, Mid H>)

___________________________________________________________________________________________________________________________

04/2016 -

Spectrosil 2000
(High OH, High H>)

____________________________________________________________________________________________________________________________

04/2017 -

Spectrosil 2000
(High OH, Mid H2)

____________________________________________________________________________________________________________________________

04/2016 -

Spectrosil 2000
(High OH, Ha free)

____________________________________________________________________________________________________________________________

04/2016-

Suprasil 3301
(Low OH, High H>)

____________________________________________________________________________________________________________________________

04/2016 -

Suprasil 3301
(Low OH, H; free)

ATLAS —ZDC + RPD
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ANALYSIS OF IRRADIATED SAMPLES

2016 Run
e BRAN detector e\ prototype Bran Irradiation Max.
eDetailed FLUKA simulations of Position  Period ('::;3)
. g
the TAN allow for precise s : , |
Control | None 0 SPeCtrOSII 2.000
evaluation of dose deposited in 5 ? ? (High OF, Ml )
the fused silica rods = 04/2016- ., Spectrosil 2000
o . 12/2018 (High OH, Mid H3)
— Possibility to determinethe = [ L = | T [ ] BN, B
. = 04/2016 - . Spectrosil 2000
dose received by each rod 1272017 10 (High OH, Mid Hy)
segment %00 14120 14140 14160 14180 14200 142 04/2016- : ~ Spectrosil 2000
2017 Run 12/2016 (High OH, High H2)
Accelerator Side Wall 04/2017 - T Spectrosil 2000
12/2018 ~ (High OH, Mid Ha)
04/2016 - 9 5 Spectrosil 2000
y I BRAN detector 12/2017 ~ (High OH, H: free)
Beam | W DOARN ekt R o R |
| I BRAN prototype 04/2016- 3 : Suprasil 3301
z | copperabsorbers gl A0 L n elr ) MewOn Heh
04/2016- ., Suprasil3301
~ (LowOH, Hxf
Accelerator Side Wall 12/2018 (Low 2 free)

ATLAS —ZDC + RPD 11-11-2025



ANALYSIS OF IRRADIATED SAMPLES

» I BRAN detector
\Y; Beam ‘ I I BRAN prototype Bran Irradiation
_]_ ] : I Copper absorbers Position Period
Z

eThe TAN is characterized by a

TP : Accelerator Floor 5 5 : :
steep dose profile in the 016 | 2019 Control  None 0 (a?gehcgas.ﬁi%ogz)
Vertical direction f .................................. ___________________________ s
. 5 : 04/2016- ~ Spectrosil 2000
— BRAN rods received dose A0 122008 8 (Aigh OH, Mid Hy
spanning over four orders of L R B e
. 35 04/2016- 10 E Spectrosil 2000
maghnitude ol L = R 12/2017 ~ (High OH, Mid Ho)
. . o 300 et || ST 000
Simulation of the whole particle ;. . | y 042016~ Spectrosi 2000
propagation from the va i :: . 12/2016 (High OH, High H>)
interaction point to the TAN g 20 ST il : : 04/2017- .. Spectrosil 2000
—Beam configuration > 150 | | ! ' 12/2018 ~ (High OH, Mid Ho)
reproduced for every year of 10 04/2016-  ,  Spectrosil 2000
‘unnin ) 'a| 'np fto 12/2017 ~ (High OH, Ha free)
unning - crucial inpu S S S —
. . 04/2016- : Suprasil 3301
describe the dose profile 12/207 % (LowOH, High H
alongtherods [SISRESSRERSRIE T p—
04/2016 - ~ Suprasil 3301
14152 14156 14160 14152 14156 14160 12/2018 17 (Low OH, H, free)
z (cm) z (cm) 5 5
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RAD-HARD FUSED SILICA MATERIALS: RESULTS

Nuclear Inst. and Methods in Physics Research, A 1055 (2023)
168523, S.Yangqg, A.Tate, RL et al.

Rod 3a Rod 5

Spectrosil 2000 Suprasil 33.01
(High OH, High H,) (Low OH, High H>)

)
@)
o
=

Ul
o
o

eUnprecedented characterization of fused silica transmittance
as a function of irradiation, wavelength and material
- composition
Rod 3b Rod 6

Spectrosil 2000 Suprasil 3301 eSamples irradiated up to several MGy
(High OH, Mid H,) (Low OH, H; free)

Wavelength (nm) Wavelength (nm
= O (@)} W NN
o o - - o
. - ) - -

w
-
o

Rod 4

—~ 600
g Spectrosil 2000
:__4: 500 (High OH, H. free)
=4 | —
i) 400 0 0.2 0.4 0.6 0.8 1.0
G,) —
= T
< 300

105 10

Dose (Gy)

ATLAS —ZDC + RPD
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https://doi.org/10.1016/j.nima.2023.168523
https://doi.org/10.1016/j.nima.2023.168523

RAD-HARD FUSED SILICA MATERIALS: RESULTS

Nuclear Inst. and Methods in Physics Research, A 1055 (2023)

1.0

168523, S.Yangqg, A.Tate, RL et al.

m- - LU RRARNG TR ¢ 0
0.8 * A
'}
0.6 } t
|~ *{}
>41Rod 3a
0.2 {Spectrosil 2000 }
0_0_(_Il_h_g_h_(_)fl_'_I.I_IgP_I._Iz_)__________________________- __________________________________j_i _____
1.01 L TIPSR REL R 1 S wiiuﬂ TIEE ¢ %
O 8 -#h‘l -, #3#‘i"'l'.:' : :.“
.0 ] + u
H 4 LT + T Ty
0.6 N . -I_+|#_ ey
0.4 ¢+ 1
0.2 By **4 ., ||Suprasil 3301 by
tiy, (Low OH, H. free) Yy iy
0.0==mmmmmm el by dd s aamaaam o e IN %
1.0- :m:; IR E RN (™ 103 104 10° 106 10’
0.8 - " ey Dose (Gy)
0.6 A, Wavelength
I~ '_lt +*+ 4+ 240 nm
0.4 F oM,
Rod4 "™, =~ ‘eeesy gy 4+ 280 nm
0.2 7 spectrosil 2000 ty, b 4 320 nm
o | (High OH, Hsfree L 4 360 nm
T10° 10+ 105 106 107 * 400 nm

ATLAS —ZDC + RPD

eUnprecedented characterization of fused silica transmittance
as a function of irradiation, wavelength and material

composition
eSamples irradiated up to several MGy
eRemarkable radiation hardness
of high-H2 load Spectrosil 2000
(very little damage up to the
MGy scale)
e|nteresting plateau for H2-free
materials after initial fast damage

Dr S Yang S defense
July 2022

11-11-2025


https://doi.org/10.1016/j.nima.2023.168523
https://doi.org/10.1016/j.nima.2023.168523

ZDC DATA DRIVEN CALIBRATION

§ i Jl ATLAS Preliminary i \\\\\V///%
° 20000 Pb+Pb 2018, 0.8 ub”" - o | /////‘\\\\\
- — UPC selection - *When two ultra relativistic Pb ions 0
- MB selection 1 cross, their strong EM fields can e =
20000 — : . ///m\\\‘,w
I - interact even without nuclear overlap
10000~ /\ - eThe large photon fluxes at very low photon energies give a
I B /" '\ ] crosssection for forward neutron production from EM
O s B ==\ 1 (dissociation (EMD) in each arm of about 200 barn
1 10
EZ [n]
1 n peak eThis process provides plenty of events with low nhumber of
Simultaneous fit to neutrons, that can be used for data driven calibration
2 n peak determine data-driven procedures

single neutron
resolution,

~17-18% in this case

4 n peak

ATLAS —ZDC + RPD
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TECHNOLOGY

P -
4 ‘;, 4 Exploring the Quark Gluon Plasma in
' Ion-Ion collisions at CERN requires
A IATL instrumentation operating in a radiation
g .;-Ol == T . - = environment far exceeding the radiation

E
ol

levels post nuclear accident or attack!

Over the past 8 years the HL-ZDC team in
NPL has developed instrumentation with
optical materials that can function at radiation
levels more than 10x larger than commercially
available instruments!

lllinois Physics undergraduate student Farah Mohammed Rafee and
mentor Illinois Physics postdoctoral researcher Riccardo Longo make
final adjustments to the detector setup before data taking.

ATLAS — ZDC + RPD 11-11-2025



UNPLANNED RESEARCH/TECHNOLOGY OPPORTUNITIES

' . . . : i i Agent behaviors
Extreme environments for radiation monitoring: A s aster A snd assist @Heath care-seking @Sheller @Evacustion

agent-based model to predict the effects of Death @Panic @Household recanstitution
. a nuclear atiack in downiown 800,000 .
P O St N U C | e a r (te I ro Il St) a tt a C k Washington, D.C. The model contains many | Several hours afier a nuclear
layers—infrastructure, transportation, i attack, behavior shifts from
weather—and hundreds of thousands of | +eftorts to find tamily members to
sract i evacuation. Total numbers drop

Consider agent simulation: agents" inferact nthis virtual landscape bas people fiee the study ares

changing their behavior in ways thought to

mimic actual human behavior. The model
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call her roommate. search of his mother.
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ol-meter-deep crater near

the Wnite House,
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m' shifts to evacuation mode
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Increase In raldiation dose to population in
the 'mpaCted areal After the first 48 hours

® Radioactive fallout plume
® Power outage
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UNPLANNED RESEARCH/TECHNOLOGY OPPORTUNITIES
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THE TEAM: HL-ZDC UNDERGRADUATE RESEARCHERS

Undergraduate Researchers for HL-ZDC at NPL
(last grant period, 2021-2025)

ATLAS — ZDC + RPD 11-11-2025



THANK YOU !

Contact: mgp@illinois.edu
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