To be precige... with AT LAS.

Precision measurements and studies of ultra-rare processes
for testing the Standard Model of particle physics

Hi! My name is Sophie. Hello Sophie! Say: lhave a qu.estion. r . ' ’
ATLAS hasn’t found hints of physics beyond But of course the search is far from over!
) . e . the Standard Model so far, right?

I TDaEZhYYS ICItSI: WX':'IIS:Sg \ ’—4 We do direct searches for new particles. So what sorts of things do you
a ’ or! e 4 Yes. that's rieh ) measure precisely at DESY?

experiment. es, that's right. But we also do precision measurements:

, . the idea is to measure processes predicted by the
We haven't seen anything

. Standard Model very precisely. Then we can look
that clearly points to new

- for disagreement between measurement and )
fundamental physics. prediction Well, for example,
Although we've observed v the mass of the
. . top quark!
many new phenomena of If we see any, it may be new fundamental physics! Pq J
the Standard Model. )
—\/ ’ —\
The top quark is the heaviest known particle and o ]
. “ e N, .
very special. [ What'’s challenging about the top mass measurement? ] ...such as “soft muon tagging”: This gives a top quark mass that lies here:
This picture shows
possible Higgs boson and 180 , N 180
top quark mass values. < . Many things!
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The ellipse shows where we © Most come from the fact.that we Ered) 178
have so far measured the £ ;. can only make approximate quark decay in We identify the
masses to be. 2 calculations in practice. The mass in the b-iet —~
9 the detector: In The b-Jje S 176
.. £ 174 value we measure actually depends v
But they liein theyellow . . b-iet O
area, where the universeas § Measured on the approximations. = £
’ . o = 1721 (95% confidence) ~ 174
we know it is only v v
metastable.Soitcould g, So we try to use clever methods & ST L
decay after arandom, but R » (95% confidence) Neat! Right in the
probably very long, time that minimise the dependence on We measure the top L 172 bl )
T 168 the calculations K from th 3 metastable region.
120 122 124 126 128 130 . . ) quark mass from the o
To be sure what'’s going on, Higgs boson mass (in GeV) “invariant mass” of the §‘ 170
we are measuring the top and
quark mass more precisely.
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Yup! We'll need to keep on increasing the precision
and reducing the possibility of measurement bias.

[ Interesting! J7 ﬁ

, \ ATLAS Preliminary
LEP-1 and SLD: Z-pole | VU .
| | . By the way, the biggest
We also measure other Stand.au:d Model LEP-1 and SLD: A% And what method did you use to y the way, gg
parameters, such as the weak mixing angle. It SLD: A = o — measure the weak mixing angle? uncertainty in this measurement
relates the masses of the W and 7 bosons: . = _ ' comes from our limited
Tevatron B — i | knowledge of the structure of
sin2(0w) =1 — (W mass)?/ (Z mass)? SHOb T Te u | || | We analysed 17 million Z boson the proton.
CMS: 8 TeV —e——i o
| | decays with two electrons or
So if we measure all three parameters, we ATLAS: 7 TeV B * S two muons in the final state. The HERA collider at DESY was
can check the self-consistency of the ATLAS: eegctitn, |y —e— . very important to measuring
Standard Model! ATLAS: eeq, B —e— The weak mixing angle can be this structure. Up to this day we
And if you observe sine’ and muons. cool legacy!
inconsistency, that

b

could be a hint of new There is a tension between past \/
fundamental physics? measurements of the weak mixing
angle. They used different methods. Ah.So you
measure how
As you can see, our measurement 6 often theyflyin

ﬁ Exactly! ]

<

falls pretty much in the middle which direction!
between the most discrepant ones.
| heard you also measure In vector boson scattering, quarks inside the back::oout::-r:thha;:'e:riec:essii look
vector boson scattering. colliding proton emit W bosons or Z bosons or very simila.r i the detector. To , .
I’'m not sure what that is. photons. These interact with each other. The quarks separate signal from backgrou.n d. we There’s also ayery special vector
Can you explain a bit? themselves then form characteristic sprays of use machine learnine. We teach ,the boson sc.attermg process that we
— hadrons. We call those jets. '8- have first observed recently.
_ computer to classify the events.
Sure! But I'll let my W |Sounds like a complicated proceﬂ Did you find disagreement from )
:I(\)I::-zgau:oli::?) ::(:tliac::. Itis! And happens very rarely. the Standard Model predictions? It’s called light-by-light scattering.
after all. And she’s an’ We tend to observe slightly more . That’s when two ph’t,)to,ns
expert on the topic. Vector boson scattering vector boson scattering events V bounce off each other”. It's only
v . than predicted, but we still have possible thanks to quantum
\/ Jet a large statistical uncertainty. L mechanical effects.
[ Hi, I'm Lisa! ] % After
quark . s
collision
V Bef?'je (what v

collision detector ’ Juan and Merida

sees) we'll collect have the details.

more data %
soon! =

Meanwhile, 80 metres underground
ATLAS <ot / i 9

EXPERIMENT near Geneva, Switzerland...

We hope you learned a lot!

\\ To get more information about / [ , . L \
N\ \ ‘ our fascinating exploration of Hi! We're working on maintaining
— ‘ % | the universe with ATLAS and upgrading ATLAS so that we can
o ’ I will! record even more data from 2021

|
and follow us on Facebook and Thank you! onwards and make even more

| f ‘\ ‘ Pb Y Pb | . . ° ]
: N photon 1y, wshoto Twitter (RATLASexperiment). \ amazing measurements! /
szgirslthf;glﬁ:m:so CEST figeF stable beams heavy#ion collisions Po—— .
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/’ . : | visit http://atlas.cern,

P
Light-by-light scattering was ... butin alight-by-light
observed in lead ion collisions. scattering event, we only see ’
An average such collision might | | | two energetic photons in the
look something like this in the detector. Nothing else. %
' detector, producing thousands || | Isn’t it beautiful? S 2
& of particles... D @
o
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Note: the figure in panels 5 and 8 refers to the pole mass. In panel 8, the direct measurement is shown as if it had directly measured the pole mass, which is not exactly correct and subject to much current debate.
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