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UCT-ATLAS Size & Shape

1 Academic Physics Pl (James Keaveney)
3 Engineering Facultyr Prof. Ed.Boje, Dr. Reuben Govender, Prof. Amit Mishra

2 Physics PhD Students:
Ryan Atkint VH Cross Section andTksimulation
Cameron Garveyr Top Yukawa]TkEoSQC and Jet calibrations

Physics Masters students:
James Mitchellt tWZsearch Run |
ThobaniSangwenit tW/Zsearch Run Il
Jemma Bagg Anomaly Detection Triggers
Aminul Hossain T Modelling Toponium

Around 4 39/4th year undergrad
projects per year

Around 30 3% year lab projects
with ATLASOpenData

Engineering Masters students:
Amandla Mvimbi T Evaporating cooling
Thomas Sternrt Algorithms for Anomaly Detection Triggers
Alex Rossr Outer Barrell moderator design and installation

Lloyd Rosst Evaporating cooling



Growing UCT/AIMS-ATLAS

1 New Academic Physics Pl from Febs12025 (Dr. KevirBarends)
1 Honorary Academic post (Dr. Claire David) since 2024
1 New Postdoc shared between UCT and AIMS from Feb 6th 2025
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Expansion of researchprogrammein AIMS MS®&\ for Science:
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A Msc short project on Anomaly Detection in the trigger
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LHCenergies In context

Electroweak GUT Scale Planck
Scale 104 1016 Scale 10!°

Energy [GeV]

LHC Scale
~10¢>10°



Physics. Top quarks and Anomalies.
ATLAS and EducationOpenData.

UpgradeT ITkPolymoderatorand EoScards.



Fermion masses In the Standard Mode|

N Explicit particle mass terms, i.e.,mg (Wf‘ljf) break gauge invariance
1 Introduce a complex scalar fieldg with self-interaction terms —u?(¢pTd) and A(pT¢h)?

N Invariant Lagrangian, but non -invariant vacuum
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Fermion masses In the Standard Mode|

N Explicit particle mass terms, i.e.,mg (Wf‘ljf) break gauge invariance
1 Introduce a complex scalar fieldg with self-interaction terms —u?(¢pTd) and A(pT¢h)?

1 Invariant Lagrangian, but non -invariant vacuum I = Yf
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Fermion masses In the Standard Mode|

N Explicit particle mass terms, i.e.,mg (Wf‘ljf) break gauge invariance
1 Introduce a complex scalar fieldg with self-interaction terms —u?(¢pTd) and A(pT¢h)?

N Invariant Lagrangian, but non -invariant vacuum
Yf —
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Fermion masses In the Standard Mode|

N Explicit particle mass terms, i.e.,mg (Wf‘ljf) break gauge invariance
1 Introduce a complex scalar fieldg with self-interaction terms —u?(¢pTd) and A(pT¢h)?

N Invariant Lagrangian, but non -invariant vacuum
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Fermion masses In the Standard Mode|

N Explicit particle mass terms, i.e.,mg (@‘ij) break gauge invariance
1 Introduce a complex scalar fieldg with self-interaction terms —u?(¢pTd) and A(pTh)?

N Invariant Lagrangian, but non -invariant vacuum Vr -
L=—w+ H)(Wr¥r) + -
V2 Y




The Top quark and the Higgs boson

v+ =~ 1 results in huge corrections to effective Higgs parameters
below a cut off scale Acyorr
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What we see.



New physics to resolve the Hierarchy Problem D

- The SuSy example

~

N supersymmetric top partnerst with m- =77
t
N clear experimental prediction

N What do we see In the LHC data?

N No hint whatsoever ofnatural top partners

(s=8,13 TeV, 20.3-139 fb March 2021
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Seeking new physics with tops

N supersymmetric top partnerst with m- = m,
t

N clear experimental prediction

N Asm- — m, signal would be manifested as an

t
. SM
Increased 0,7 W.It at ;

N What do we see In the LHC data?
SM

N %-level agreement witho -

N No hint whatsoever of natural top partners
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Seeking new physics with tops

~

N supersymmetric top partnerst with m-~ = mg
t
N clear experimental prediction

N Asm- — m; signal would be manifested as an

t
. SM
Increased 0,7 W.It 0.7

N Asm- >> m; more efficient to selectboosted
t

top ologies

N What do we see In the LHC data?

do .-

L spectrum for boosted

dmtz

N Mild slope In

topologies

Prediction

do./dm' [pb/GeV]

Data

0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001

0.0005

1.5

0.5

i ~0

7 ';El \ X1
=T 1 T | ] . +| =]
— ATLAS * Data =
C s 13 TeV. 139 fp! — PWe+PYs <= PWG+PY8 (NNLOtw) =
- | — PWG+H7 - = PWG+H7 (NNLO rw.) _
— Boosted —
- . . —— MCatNLO+PY8 - - MCatNLO+PY8 (NNLO rw.) —
— Fiducial phase-space -
— Stat. unc. Stat.+Syst. unc. —
- o =
- —e- -
= — =
I e 5

500 1000 1500 2000 2500 3000

mtt [GeV]



Seeking new physics with tops >/

~

N supersymmetric top partnerst with m-~ = my
t
N clear experimental prediction

N Asm- >> m; signal would be manifested as a

C
dO'tz

dX

disrupted e.g. angular distribution tail of

dUtE

dp%

decay products

N What do we see in the LHC data?
N Persistent slope In top pt spectrum
N Also observed at 8 TeV and in CMS
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Seeking new physics with tops

~

N supersymmetric top partnerst with m- = mg
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Seeking new physics with tops \

~

N supersymmetric top partnerst with m- = mgy CMS 35.9 fb' (13 TeV)
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Seeking new physics with tops

ATLAS+CMS Preliminary
LHCtopWwG
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N What do we see in the LHC data?
SM




Seeking new physics with tops - summary

NMWhat do we see in the LHC data?

MNo smoking gunof light new physics
MNumerous mild but interesting tensions with the SM expectation

Can we tell the difference between a meaningful pattern of subtle new
physics and less interesting set of unrelated mis -modelling and

fluctuations?



Why we should look closer.



TheDr u n k aSealdhrgaka The LHC physics programme)




The Drunkard® Search (aka The LHC physics programme)

13 TeV LHC

we are confident that there is new physic®ut there

M T YUKWt OYs WRat WU IJhan@! WH H

N we look at ~ Ewy > few TeV
N the energies we can directly access .

M LN6 R WRY Ws 6131 WWaé KWW R i‘




TheDr u n k aSealdhrgaka The LHC physics programme)

13 TeV LHC

we are confident that there is new physic®ut there
M T YUkagWt OYs WRat WIU IJplan@@!! L FH Gl

N we look at ~ Ewy > few TeV
N the energies we can directly access .
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The Dr u n k aSeatdh $hras failed

N No light new physics observed in the LHC data

N Why?
Ai's the N Rp) fardamyér than(the LHC scale?

A Effective Field Theory tells the effect of high -scale NP on low energy observables
Al nt egrate out heavy particleséreplace with new

A Specific details of new particles invisible at low energy

0

p
famous example of Fermi theory of Beta decay



The SM as an EFT: SMEFT

AAssume: A 2 ¥ Ulssume:
A snp s> LHC scale M U WGel qRHE2GE ! WHE WHY O G L
A sm symmetries are respected at the
LHC scale

Ci
Lonr =L+ 50 +...

I extend the SM Lagrangian with highesrder operators

I usually the most important operators are dimension 6



The SM as an EFT: SMEFT

d-6 operators cause subtle effects in rates and kinematics of processes

3 N UV A
Ocg = 19s(QTHTat) PG,
LHC example T O affecting rate and kinematics of £ production

|
o D00 U \ new tt
modified gtt _ ¢ vertg)?
vertices 80"

arxXiv:1505.08841

searching for new particles ° searching for new interactions

bump -hunting “determining ¢ ;




UCT-ATLAS

Diverse, high-profile analyses

ATLAS confirms mild tension in production of top-quark
Tags: pairs with a W boson
N O p q u ar k p hy S | CS :;ohi :ilé:rrésults ' 24 March 2023 | By ATLAS Collaboration

AttW charge asymmetry - constraining electroweak couplings and subtle new physics JHEP 07 (2023) 033
Anovel top mass measurements using J/Psi ANA-TOPQ-2018-19

X,

Aongoing - search for rare tWZ process ANA-TOPQ-2019-29 y vz

\ A=2

Indirect: q t

Aongoing i constraining Top Yukawa from tt threshold ANA-TOPO-2023-33 > , i

Processes where virtual
Higgs exchanged e.g. 4 top

& tt cross-section g :

Measuring the beauty of the Higgs boson
. . . . Tags: 7 April 2020 | By ATLAS Collaboration
AHiggs (VH(H->bb)) STXS optimisation

physics results,

run 2, Two years ago, the Higgs boson was observed decaying_ to a pair of beauty-quarks
Higgs seminar 2020

(H—bb), moving its study from the “discovery era” to the “measurement era”. By
AA NA- H I G G - 2020- 2 O E u r P hvs J C 8 1 (202 1) 17 8 measuring the properties of the Higgs boson and comparing them to theoretical
predictions, physicists can better understand this unique particle and, in the process,

search for deviations from predictions that would point to new physics processes beyond
our current understanding of particle physics.



https://link.springer.com/article/10.1007/jhep07(2023)033
https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-TOPQ-2018-19
https://atlas-glance.cern.ch/atlas/analysis/analyses/details?ref_code=ANA-HIGG-2020-20
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
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ITk Polymoderator

A UCT producing 3 polymoderators (central & outer barrel and endcaps)
to shield the ITk from damaging neutron flux in the HL-LHC

A All raw materials (HDPE) procured and delivered to
SAAQ Cape Town for fabrication

A Central Barrel completed and delivered to CERN
A Endcap fabrication commencing this quarter

A Outer barrell design M.Eng project of Alex RosS
(superv. Dr. Reuben Govender)
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Precision, large area milling on hard HPDE required R&D and
Innovate approach in Mechanical Engineering




ITkUpgrade.



ITk Cooling

2-phase shielding
accumulator wall

-~

< heat In
-—

-~

evaporator inside
detector (4-5)

vy

= _ long distance . -
bu (50-100m) — |
: 1A [
3 : ..
= . o /
transfer line i
1 (heat exchanger) fc:'pfu'l(l;ngsisin?_o;&)m .

https://cerncourier.com/a/co2-cooling-is-getting-hot-in-high-energy-physics//

anthalnv

7/ .
Yrisaniun\




ITk Cooling

Model for detector, transfer lines and accumulator

2-phase
accumulator

shielding
wall

- |
<= heat In
-—

-

-

condenser

R4

transfer line

* Measurements:
* dP intwo phase transfer line
e P,, P, Pressure at start and end of transfer line return

* Ti, T14 Temperatures in single-phase transfer line
supply

e [, =Accumulator level

 F =mass flow rate in the single-phase transfer line
supply

long dnstance“
(50-100m) - —

(heat exchanger)

B__Q,/ %

evaporator inside
detector (4~ 5)

"

f_d"'.r-_

’ g
-‘ \"
®

capillanes (3-4)
for flow distribution 4

State variables
Detector specific enthalpy (h, or x, x,;,, p)

Specific enthalpy in n segments along the transfer line
two-phase return, h;

Accumulator mass

7/ .
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ITKk E0S Cards

UCT group in collaboration wittDESYdeveloped firmware
and test procedures foreEoSelectronics card production

campaign

9 Further QC examples

. Uplink eye diagram (IpGBT Tx) . Downlink eye diagram (IpGBT Rx)

1 73 %2 309 &
' Time

Generated by ipGBT Rx
X-axis: ~6.1ps per step
Y-axis: ~1.3mV per step

Generated by FPGA Rx

X-axis: 01Ul =9.77ps | \pGET
Y-axis: vollage codes - ! ]
correspond to ~ 2mV

April 2021, ATLAS ug _ | Dowrtek __ider Merwe

automated generation of statistical uplink eye diagram tests of higispeed links developed entirely at
UCT->UCT firmwarenow In heavy usage ifcoSproduction @ DESY



Outreach!

Visit of ATLAS experiment Management Team to-3A4LAS, Nov023

Phenomenal Physics event at UCT f@&@00+ High School Learners
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CHACAL 2024 School at Wits, counded by CNRS, France



