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Invisible neutrino

e collides with proton

_ ¢ The 'Neutrinc Event’ -
5 Nov. 13,1970 — World's first -
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1985¢€ Cray 2

1.9 GFLOPS

2 GB RAM

" Yaec b3UyY 20k

3 ecB2.000.000%

NASA, US Def ens

2010¢€ iPhone 4

1.6 GFLOPS

512 MB of RAM
YaoecbluUyYbdwd
pJ eCB00 $
oqYYqaeas Yg¢e¢gsd
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Inflation Adjusted Cost Cost per
System MegaFLOP/s (20105) MegaFLOP/s
1 $49 million i
CDC 6600 (Megaflop) S49 million
1,000 $32 million
Cray-2 (1 Gigaflop) $32,000
1,650 $699 (4GB storage, no
iPad-2 (1.65 GFLOP/s) optional 3G plan, no 50.42
cover)
Lenovo W510 24,239 $2,100 (i7 920, 2.0GHz $0.086
laptop (24.23 GFLOP/s) | quad core, 16GB RAM) :
Generic business 39,675 $1700 (iS, 2.66GHz, quad $.0428
desktop (39.67 GFLOP/s) | core, 8GB RAM) '
Hydra-1 (personal 122,680 $10,000 est. (2x Xeon
I‘_"ﬂ_ect] - (122.68 5690, 3.46 GHz, 6-core, | $.0815
Brc: GFLOP/s) 24GB RAM)
1,000,000 576 million
el i (1 TeraFLOP/s) 376
1 billion $101 million
Roadrunner (1 PetaFLOP/s) $0.10
10 billion 51.25 billion (to design
S, e (10 PFLOPS/s) and build) 2013
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Large Hadron Collider 1994
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ATLAS
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Boson

. . . L1 Peak EF Avg.
Trigger Typical offline selection Rate (kHz) Rate (Hz)
Lpeak=7633/cm2s Lavg.=5633/cmzs
: Single iso u, pr >25 GeV 8 45
Single leptons -~ e 150 ¢, pr 525 GeV 17 70
Two u’s, each pr >15 GeV 1 5
Two u’s, pr >20, 10 GeV 8 8
Two leptons Two e’s, each py >15 GeV 6 8
Two e’s, pr >25, 10 GeV 17 5
Two 7’s, pr >45, 30 GeV 12 12
Two y’s, each pr >25 GeV 6 10
Two photons =0 = s 540, 30 GeV 6 7
: . Jet (R =04), pr >360 GeV 5
Single jet Tet (R = 1.0), py 5470 GeV 2 7
Emiss | Eps >150 GeV 2 17
4 jets, each py >85 GeV 8
Multi-jets 5 jets, each pr >60 GeV 1 2
6 jets, each pr >50 GeV 4
. 4 jets, each pr >50 GeV _
b-jets out of which one 1s h—tagged ! 4
Total <75 400
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ATLAS Triggers
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For use in case of
50 Higgs discovery

1. Check label for
“Champagne”. (Do not
use “Cava”) Remove
protective cover.

2. Gently twist cork to s
. release fluid. (Aim away

For use in case o4 /
iscovell from face) ‘

3. Apply fluid to
Champagne flutes. :
Repeat until all flutes §7

are filled.
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5 sigma(100 coin flips)

Expected number of heads = 50, uncertainty=5

0.09 -
Probability 10
0.08 - «>
20
0.07 - . < »
sul |/,
) 0.06 - 4& )
D 668,2% e | . > >H ¢1/3
20 €95,5% Pu . >20 & 1/22
30 £99,73% 004 >30 & 1/370
49 €99,993% ., | >40 €1/14285
50 €99,99994% >50 €1/1666666
0.02 ~
0.01 -
0 -

0O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Number of heads
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5 sigma(1000 coin flips)

Expected number of heads = 500, uncertainty~15

0.03 - 0.03
Probability
0.025
0.025 - ”
0.02
0-02 4| 0015
H €68,2% 50‘—
= A u 0.01
20 C95,5% 0.015 - pau B
5 & 0
30 €99,73% 0.005
5 & 0
40 €99,993% ;| J k
50 €99,99994% 0 = - -
O O O O O O O O O O O O O O O O O O oo © o
RERRESBSESREESREECEE
0.005 -
0 1 1 1 IJ T ] T KI 1 T T 1
350 400 450 500 550 600 650

Number of heads
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5 sigma(any events)

20=95% 5o
3o =99.7%
40 = 99.994%
Sa = 99.999949,
r T T T T T T T T T T T 1
4 5 4 3 -2 - " 1 2 3 < 5 6
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5 sigma 2
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5 sigma with Higgs
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------ B component
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CMS Preliminary
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EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

(| CERN-PH-EP/2012-220
W2 2018/03/12

CMS-HIG-12-028

Observation of a new boson at a mass of 125 GeV with the
CMS experiment at the LHC

The CMS Collaboration®

Abstract

Results are presented from searches for the standard model Higgs boson in proton-
proton collisions at /5 = 7 and 8TeV in the CMS experiment at the LHC, using
data samples corresponding to integrated luminosities of up to 5.1 fb~! at 7TeV and
5.3 fb__l at 8TeV. The search is performed in five decay modes: vy, ZZ, WW, 7717,
and bb. An excess of events is observed above the expected background, a local signif-
icance of 5.0 standard deviations, at a mass near 125GeV, signalling the production
of a new particle. The expected significance for a standard model Higgs boson of
that mass is 5.8 standard deviations. The excess is most significant in the two decay
modes with the best mass resolution, 7y and ZZ; a fit to these signals gives a mass of
125.3 4= 0.4 (stat.) = 0.5 (syst.) GeV. The decay to two photons indicates that the new
particle is a boson with spin different from one.

This paper is dedicated to the memory of our colleagues who worked on CMS
but have since passed away.

arXiv:1207.7235v1 [hep-ex] 31 Jul 2012

In recognition of their many contributions to the achievement of this observation.

RLTP2018




EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

ner=p»

CERN-PH-EP-2012-218
Accepted by: Physics Letters B

Observation of a New Particle in the Search for the Standard
Model Higgs Boson with the ATLAS Detector at the LHC

The ATLAS Collaboration

This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the
full impact and significance of their contributions to the experiment.

Abstract

A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector
at the LHC is presented. The datasets used correspond to integrated luminosities of approximately
4.8 fb~! collected at 5= 7TeV in 2011 and 5.8 fb~! at 5 = 8 TeV in 2012. Individual searches in the
channels H— ZZ"'—= 4¢, H— yy and H— WW"' = evuy in the 8 TeV data are combined with previously
published results of searches for H— ZZ"), W, bb and 7~ in the 7 TeV data and results from
improved analyses of the H— Z7"'— 4¢ and H— yy channels in the 7 TeV data. Clear evidence for the
production of a neutral boson with a measured mass of 126.0 + 0.4 (stat) + 0.4 (sys) GeV is presented.
This observation, which has a significance of 5.9 standard deviations, corresponding to a background
fluctuation probability of 1.7 10-?, is compatible with the production and decay of the Standard Model
Higgs boson.

arXiv:1207.7214v2 [hep-ex]| 31 Aug 2012
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@ATLAS

EXPERIMENT
http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST
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Higgs praduction / Higgs decay to photons
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Higgs pradustion

Higgs decay ta photons
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Higgs decay ta photons
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Higgs production Higgs decay to photans
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© ~N 7
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Y NETSCAPE®
A NAVIGATOR 4.0

Internet

fsdz) L sa0lsy
70 000 000

g C s tc 528.8Bkbps

pentiume

Back |Forward| Home | Reload | images | Open | Print | Find |  Stop |

Location: [http:/ Awww altavista digital.com/

What’s New? | What's Cool? | Handbook | Met Search | MetDirectory| Software |

1t
s W‘“““’o“
AlTaVis1A. Search i
™ Sea rc eXtensions
OnSite Knowledge Advanced Products
Je £ -
It's here. | 7%
Search | the Web I and Display the Results I in Standard Form I

i+ icon +archive +download

o)

Tip: To find an old friend or information about someons, try: Samta Claus or "Santa Clays
Using & capital letter enswres that only that capitalization will be found,

h!

@ Connect: Contacting host: www.altavista digital.com...
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Cray -1 - 1976

Yao¥Y3IgeqR odonldbrayo
Ddodobbasadoodbay

8e a0 ¢ UIMIB RLTP2018



40 Years of Microprocessor Trend Data
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o8 ' omist ] housands)
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Y N N N NP1 Ll | (SpeciNT x 10°%)

| A2 g Intm
: A g4l 4 ol Frequency (MHz)
A Yt Typical Power
1{]2 ......................... ................ l..i ........ *.-T;T}'iwf';%--- (Waﬂa}
A ..= '1" v v v *
. | E - ", '-r"'r ¥ M ﬁxﬁ_‘i_ | Number of
10 A . = . i d° 7 Logical Cores
F Y i - v T'_" P L ]
0 L4 m v - 0
i L | 1
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Year

Cirigpircal data up 1o the yiar 2010 oolleched and plofled by M. Horowilz, F. Labome, O, Shacham, B Olukatun, L Hammand, and C. Ballen
Maw plol and data collecied for 2010-2015 by K. Rupp
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Virtual organization 2 Grid site
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Virtual organization 1
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Tier -0 (CERN): (15%)
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 Susiacin 11/28/2013_11:44:13 am ol Running jobs: 214268

11:40 am T151am Transfer rate: 42.74 GiB/sec

US Dept of State Geographer

Trags Landen . Googleearth

Data SIO, NOAA, U.S. Navy, NGA, GEBCO
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