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® Some History

® Particle Physics in a nutshell

® Colliders and Big Data

® The LHC and the LHC experiments

® How we take data

® VWhat we do with our data

® An outlook to future




A little bt of History

® Particle Physics started
with detectors,
exploiting interaction
between particles and
environment

® Charged particles
bend under magnetic

field (Lorentz force) SRS

® Particles ionize ﬁ;g@ <%>
material hitting atoms e
(e.g., the silicon in \Ao
the camera of your Radiation

phone)
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® [he first detectors
where chambers of
low-pressure gas

® Particles crossing
ionize the gas and
makes bubbles

Looking at
pictures (one by
one) and
connecting the
dots, humans
could track
particles




A little bt of History

® The first
source of
particles came
from the sky:
cosmic rays

® More recently, images
produced colliding a particle
beam against a metal target

® Analysis performed by visual
Inspection
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Modern Particle Physics

® These pioneer studies allowed many discoveries

® antimatter

® new heavier particles (muons, taus, etc)

® More precise studies made
possible with first particle
colliders

® controlled environment
in laboratory

® a |ot of data, at tunable
energy and intensity

® |t was not possible
anymore to perform single
experiments by individuals
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Multipurpose detectors

® With so many particles produced, one need a detector
capable of seeing all of them

® Each particle has specific behaviour and needs a specific
strategy to be detected
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Hermetic detectors

® Particle colliders create collisions in one point

® Particles go everywhere. One needs a detector which
covers as much as possible the space around the collision




® The LHC is a proton
collider

® Protons are
accelerated to |3
TeV ~ 13000 the
equivalent energy of
their mass

® Collisions happen
every 25 nsec

® Protons break in the
collisions, creating
heavier particles
(proton energy
turned into particle
mass)

The LHC
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® Two multipurpose
detectors study J =
many different 71, s AR
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® New physics
(dark matter, it

supersymmetry,
etc)
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The LHC detectors

® One detector
studies the
differences
between matter
and antimatter
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The LHC detectors
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The ULHC Blig Data problem

® The LHC generates 40 million collisions every second
® The technology to store all these data doesn’t exist

® Keeping data costs money (for disk, tape, and CPU for processing)
A BIG THEORETICAL

® We need to select in real time what we want to keep BIAS that we have to
pay
® Some event is more interesting than other
April 2017 CMS Preliminary
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The LHC Big Data problem

https:/www.voutube.com/watch?v={DC3-QSiLB4



https://www.youtube.com/watch?v=jDC3-QSiLB4
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¢ 40 MHz in / 100 KHz out

e ~ 500 KB / event

® Processing time: ~10 s

® Based on coarse local reconstructions

® FPGAs / Hardware implemented

16



The LHC Big Data problem
&

A

Data Flow

e |00 KHz in/ | KHz out
e ~ 500 KB / event
e Processing time: ~30 ms

® Based on simplified global reconstructions

e Software implemented on CPUs 17



Data Flow

o | KHz in/ |.2 KHz out
e~ | MB/200 KB/ 30 KB per event
® Processing time: ~20 s

® Based on accurate global reconstructions

e Software implemented on CPUs 18
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e Up to ~ 500 Hz In / 100-1000 events out
e <30 KB per event
¢ Processing time irrelevant

® User-written code + centrally produced

selection algorithms
19



High Precision

ooy =rue i




® We start from a question

® Does the Higgs boson exist?

® |s the LHC produce Dark Matter?

® Are there heavier copies of the
Standard Model particles!?

® We work out the consequences of
each test hypothesis

® Higgs boson -> events with 2
photons and specific mass value

® dark matter -> events with
invisible particles

® heavier SM copies -> pairs of SM
particles with specific mass values
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UJhat do we do with these data?

® We start from a question Start from all events with two

photons
® Does the Higgs boson exist?

Filter the events applying cleanup
algorithms

® Is the LHC produce Dark
Matter!?

Compute the mass of the di-photon

® Are there heavier copies of the object

Standard Model particles?

Run statistical analysis (search for

® We work out the consequences of signal over background)

each test hypothesis

E CMS Preliminary o £/ iakied fite
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® Energy of the particle E
measured by detector

® |ocation of the deposit gives
the directions (vy,vy,v;) and

(Wx,Wy,W,) for Y| and Y»

® Photons have no mass
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FuUling the mass histogram
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FuUling the mass histogram
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FuUling the mass histogram

Bind Event
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FuUling the mass histogram
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Fltting the mass histogram
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Fltting the mass histogram

ceew WEn EEvenkt

3 %:2000 = CMS Preliminary —4— S/B Weighted Data
(51800  1s=7TeV,L=51fh"  —  BF
m " M~ - {3=8TeV,L=53h" — Qg it Component
©1600 :\ ' ' T

Bz

1400y
£1200°
:3’10002—
B 800
E 600"
= C
&Y 2 400-
5 200 =
o : . |
e 120 140
y ] p— m'{'r' (GeV)
%
my = 128 GreV iy




%E/RW Mot all peaks are discoveries
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Search for Dark Matter

® Ve cannot see Dark Matter
® But we can make it

® We can observe Dark Matter indirectly,

using energy/momentum conservation

32



Search for Dark Matter

® VWe cannot see Dark Matter
® But we can make it
® We can observe Dark Matter indirectly,

using energy/momentum conservation

3‘[ x
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Search for Dark Matter

® VWe cannot see Dark Matter
® But we can make it
® We can observe Dark Matter indirectly,

using energy/momentum conservation

3‘[ x

No initial momentum flows in the transverse plane

34



Search for Dark Matter
f

Total momentum flows of collision product should be 0
35




Search for Dark Matter
f
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If not, something is escaping of the detector
36
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ICHEP 2016
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CMS Preliminary

Vector med., Dirac DM
g,= 0.25, 9oy = 1

pandaX 2016
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But (it did not.. (so far)

CMS observed exclusion 90% CL
=z CMS DM+jNqq
= [EXO-16-037]

CMS DM+y
i [EXO-16-039]

CMS DM+Z,
[EXO-16-038]

DD observed exclusion 90% CL

CRESST-II
[arXiv:1509.01515]

CDMSLite 2015
[arXiv:1509.02448]

LUX 2015
[arXiv:1512.03506]

PandaX 2016
[arXiv:1607.07400]
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The evolving conditions of the machine are %
drifting the experiments to more prohibitive &
environments (luminosity comes with a
cost)

More (& bigger) events to handle

More noise from pileup interactions

Increase in resources will not scale with
needs

S0¢ T | SRS e S S S S |

45- ATLAS Internal (Data 2012) 5

Flat (or decreasing?) budget 40E o o vare rolease =

BE w7279 =

: : : 30E 1903 E

(Non linearly) increasing demand I E

. = 19.1.11 B

20; E

Need to find better ways to do things 15§ on— '

10 =

. SE 3

Problems can be formulated as image 6. . . .. . .. . .. .. . . .. . L G
15 20 25 30 35

detection, where big progresses are
happening (see ConvNNs)

Average number of primary vertices

39




- Sl e

-

MNew Instruments

® The High-Luminosity P N
: / \ N
challenges will be faced (L -
improving the detector \ BN Glierr
{:"\.‘ ' H /‘3’/ ﬁl
: . e e
® add tracking capabilit N
earlier in the game (@LI P N
trigger) " ===

® improve detector coverage

® improve detector
granularity
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convolution + pocling layers fully connected layers  Nx binary classification

® Similar to human vision
® process overlapping patches of image
® combine them together

® Nowadays technology for deep learning (self-driving cars, etc)
AT




Examples: Tracking

el hi i ot [guacrupits  Track fiting iacicures <
. I
Pixel hits m generation Doublets Automaton Quadruplets Track fitting

X

Hit Pixel
Clusters

based on

clusters

® Represent hits as 8x8 images 8x8pad
45000 1
, 40000 § >
® use the deposited energy 35000 |
5 30000 ¢
(ADC counts) as temperature  ®25000 |
20000 |
15000 |
® Use DNN to decide if a given 000
. . . 0
pair of hits is a good match or a
fake
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® |ets are cone-like showers of
quarks and gluons that produce
tens of particles, all close to
each other

® With large energies (e.g., LHC), \\V
jets can also come from H, WV,
top particles (decaying to jets, |

which overlap)
9.9  WZH

lop 43

® Several papers in the last two
years on DNN solutions to this
problem




C\Ef'D/ Jet ID with Conviins

® Major challenge: irregular detector geometry
(vs “regular arrays” assumed in DL applications)

Signal
® Jet image processing to “regularise” jet showers o Iz g
and make DL work easier (cantering, rotating, .» _ i
flipping image) o -
30+ 10_§
.

® Good performances on simulated events
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https://arxiv.org/abs/1701.08784

Generative MNMetwork

® Use NNs to generate new images from a sample of images

® Example: autoencoders
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Encoder Decoder

Project the input into an N-dim space
Sample from this N-dim space back into an output
Minimize output-input distance 45




Adversarial Metwork

® Two networks in competition
® One generates “‘fake” data

® The other one tries to
distinguish fake vs real data

® [f the second fails, the first is good

® Can generate images

46


https://arxiv.org/abs/1511.06434v2?__hstc=36392319.4ec9da873182c5b0427a0d36b934b567.1481240248017.1481240248017.1481240248017.1&__hssc=36392319.1.1481240248017&__hsfp=1005577320

GANMNs for dets

— convolutional layers in both G and D
— fully-connected layers in both G and D
— a combination of the two:

real images

Discriminator

DCGAN
FCGAN

Generator/'
DCGAN
FCGAN \ .
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https://arxiv.org/pdf/1701.05927.pdf

Better? Faster? Both?

® We will sue Deep Learning to make reconstruction and selection faster
® We will move it to trigger layers
® We will trigger faster

® We will trigger better

® Ve will save resources

® We will automatise many tasks

Data Flow

48



Conclusions

® LHC experiments represent the ultimate technological advance in
particle physics

® very complicated conditions
® very broad range of tasks to accomplish

® We are doing great (Higgs boson discovery) but this is not enough (no
new physics yet)

® Future ahead challenges
® More needs, because of more chaotic environment
® | ess resources (budget for science decreasing)

® Ve need to change approach

® | ooking fwd to Deep Learning as a way out
49



