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Context: GridPP
Number of running jobs by experiment Oct 2019 Oct 2020
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And so much more:
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IRIS enhances the activities in the GridPP talil

Average Core Usage by Activity

total » percentage ~

w= |5t 158K 41.4%
- |z 7.02K 18.4%
dune 5.16 K 13.5%

== EUCLID 376K 9.9%
== Clas12 2707 K 71%
virgo 2259 K 5.9%
vo.cta.in2p3.fr 692 1.8%

== skatelescope.eu 545 1.4%
== CCFE 179 0.5%
jintrac 61 0.2%

IRIS accounting (Oct 2019 - Oct 2020)
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So what is HEP using all this compute for ?
The (simplified) HEP computing life cycle.
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Result ! Atlas: H = u*u

The Higgs - the last missing building block in the standard model - was discovered
in 2012.

The focus since then has been on characterizing the Higgs boson.

In summer 2020 Atlas presented results from the search of H = u*u to explore
Higgs interactions with second-generation fermions:
https://arxiv.org/pdf/2007.07830.pdf

Looks straight forward, so why all the compute and storage ?
Run Il data set: 139 fb™' (~1.1 x 10"® proton collisions)

Actual number of candidate events (spread over 20 categories, according to Higgs
production mechanism and reconstructed quantities): ~ 450 000
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https://arxiv.org/pdf/2007.07830.pdf

Result ! Atlas
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Nothing (apart from lots of Z)
to see here.

Finally:

The observed significance over the

~ background-only hypothesis for a Higgs
4 poson with a mass of 125.09 GeV is 2.00
% (expected: 1.70).
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Many boosted decision
trees later.... [Analysis]

To train your BDT you need
lots of Monte Carlo.
[Simulation]
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Result! CMS: H = 't

H — vt has been measured by CMS and Atlas

CMS recently presented results looking at the CP (charge parity) structure of the Yukawa
coupling between the Higgs boson and r leptons:

The standard model predicts the Higgs to be a scalar boson (CP even).
Any deviation from this would be a hint for new physics.

Requires looking at the decay geometry.

Analysis relies heavily on machine learning.

http://cms-results.web.cern.c/cms-resuIts/public-results/preliminarv-results/HIG-20-006/inde

X. htm | SR CMS Experiment at the LHC, CERN
S8 Data recorded: 2018-Jul-17 03:21:01.157638 GMT
Ryn TEvent/ LS: 319756 / 2934016220 / 1850

H = t(uvv) z(hhhv)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-20-006/index.html

Result | CMS
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Result ! LHCD

October 2020: The first observation of time-dependent CP violation in Bs° decays.

CERN seminar: Time-dependent CP violation in BOs decays at LHCb

What is LHCb looking for and why is it interesting ?

e CP (charge-parity) violation in the quark sector can help explain the difference between
matter (why is there so much ?) and anti-matter (why is there so little?)
° BS0 mesons ‘oscillate’ (turn into their anti-particle and back) ~ 3*10'2 times per second:
~ 9 times during their lifetime
e So now there’s plenty of opportunity for CP violation:
o direct: different decay widths: (B - f) £ F(E - 7)
o inmixing: T'(B—B) #1(B— B)
o in mixing and decay: F(B o fcp> 2 r(E = fcp)

ve%®
00.0°0:00
.............
.........
o

GridlF

UK Computing for Particle Physics

L33
. o0
9o v les®
C0cecgegrece®
RN


https://indico.cern.ch/event/941481/attachments/2111904/3561095/talk.pdf

Result ! LHCb: CP asymmetry vs B_° meson decay time

Oscillating non-zero Q O~1_ o
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“Small” HEP experiments: NAG2

e It's not just the Higgs that proved elusive over decades. Here’s the hunt for K = 1rvv
(flavour changing neutral current)

—4
r; 10 § \ 4 Camerini . o
.E g \ 4 Experimental upper limit @ 90 % CL
0 10 = ® Experimental measurement
+ — Klawis | Theoretical prediction
; 10"%— V¥ Cable
= 1 0_7 ;_ V Asano
= \ 4 E787
10° = v
= \ 4 BNL
GIM I
10~ = B oscillations E787+E949  NAG2
10‘“’i
= Isospin
10—11 B L L [ | ! L1 [ L1 L1 l ! ! L
1960 1970 1980 1990 2000 2010 2020
Year of Publication
SRR i ris G r i d s | =

i ee® UK Computing for Particle Physics




NAG2: K —>T1 VvV

Fixed target experiment
(protons on Beryllium target).

0. 12 | ) + Data
. . SM K*—>ntvww

Blinded analysis.

Presented August 2020:

Evidence for the decay K+—T1r+vv
from the NA62 experiment at CERN E

R N L

| L | | | | ° | : 1 ! | 1 1 1
15 20 25 30 35 40 45
7t momentum [GeV/c]

5.3 background + 7.6 SM signal events expected: 17 events observed

Br(Kt — ntvp) = (11.015 2 star. £ 0.35,6:.) X 10711(3.50 significance)
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https://indico.cern.ch/event/868940/contributions/3815641/attachments/2080353/3496097/RadoslavMarchevski_ICHEP_2020.pdf
https://indico.cern.ch/event/868940/contributions/3815641/attachments/2080353/3496097/RadoslavMarchevski_ICHEP_2020.pdf

Neutrino Physics

e Neutrino first postulated by Pauli in 1930 to explain energy and momentum
conservation in g decaysn =+ pe v

e Discovery of the electron neutrino by Clyde Cowan, Frederick Reines in 1956.

e Three flavours of neutrino within the Standard Model: e, mu, tau
o Z-Boson life-time measurement (1989 onwards) confirms this hypothesis

e |[nitially assumed to be massless, 1998 the Super-Kamiokande collaboration

found vV, oV, oscillations (Nobel prize to Takaaki Kajita and Arthur B. McDonald)

e \What are we currently exploring ?
o T2K experiment (ongoing): oscillations
o Solid (ongoing - special thanks to IRIS for providing extra diskspace for all those data):
sterile neutrinos
o DUNE (under construction):
m oscillations
m supernova (if nature cooperates)
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T2K (Tokai to Kamioka)

e Long baseline neutrino experiment (295 km between near and far detector)

e Using (anti-) muon neutrino to (anti-)electron neutrino oscillations

e CP violation in the quark sector is not sufficient to explain the
discrepancy between matter and anti-matter in the universe

e Constraint on the matter—antimatter symmetry-violating phase in neutrino
oscillations: https://www.nature.com/articles/s41586-020-2177-0

CP violating phase (8cr)

m « CP symmetric
can take a value between -180" and 180" (No neutrino-antineutrino difference)

So close....

Disfavored
region at
the 3c CL.

Enhance electron
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https://www.nature.com/articles/s41586-020-2177-0

SolLid: a short baseline (~ 6m) neutrino experiment

e Searching for oscillations of anti-v_to previously undetected flavour states
(“sterile neutrinos”).

e Neutrinos generated at the Belgian BR2 reactor.

e Detection based on anti-v_+p—e"+n (“inverse beta decay”)

e Detector consists of 1.6 tons of 5cm x 5cm x 5¢cm plastic scintillator cubes,
which have neutron captures screens (ZnS(Ag) + LiF) mounted on two sides

e Oscillation result expected next year
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DUNE (under construction)

Sanford
Underground
Research Facility
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Long baseline: 1300 km between near and far detector
Near detector: Liquid and Gaseous Argon, plus beam monitor
Far detector: Liquid Argon (the biggest ever)

ProtoDUNE: Liquid Argon Time Projection Chamber Prototype
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Proto DUNE: Make sure LAr technology works at scale
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P r'OtO- D U N E resuy Its https://arxiv.org/abs/2007.06722

DUNE:ProtoDUNE-SP Beam Line Data (1-7 GeV/c)
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https://arxiv.org/abs/2007.06722

DUNE: The Future (on ~30 PB/year+near detector)

e Measurement of ., and potential CP violation by neutrinos
e Neutrino mass hierarchy determination, Am?
e Measurements of the mixing angles 0,,and 6.,

The Future: How much bandwidth for a supernova ?

e Estimated data size for a Supernova in the DUNE detector ~ 115 TB.
e Takes about 3 hrs to read out over 100 Gbps.
e If DUNE can get some of it analyzed within a few hours, there could be a

result before the light of the supernova reaches Earth.
o Cue endless “faster than light analysis” jokes.
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The End.

| hope you enjoyed the tour.
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Bonus slides
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T2K result (Nature)

a, Two-dimensional confidence intervals at the 68.27%
confidence level for o, versus sin2613 in the preferred normal
ordering. The intervals labelled T2K only indicate the
measurement obtained without using the external constraint on
sin2613, whereas the T2K + reactor intervals do use the external
constraint. The star shows the best-fit point of the T2K +
reactors fit in the preferred normal mass ordering. b,
Two-dimensional confidence intervals at the 68.27% and
99.73% confidence level for 6., versus sin2923 from the T2K +
reactors fit in the normal ordering, with the colour scale
representing the value of negative two times the logarithm of the
likelihood for each parameter value. ¢, One-dimensional
confidence intervals on o, from the T2K + reactors fit in both
the normal and inverted orderings. The vertical line in the
shaded box shows the best-fit value of 6CP, the shaded box itself
shows the 68.27% confidence interval, and the error bar shows
the 99.73% confidence interval. We note that there are no

values in the inverted ordering inside the 68.27% interval.
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