


What Did ATLAS Find?
What is God Particle (Higgs)?
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Collision!

In this artist's representation
of a particle collision, a proton
and antiproton collide at high energy

to produce top and antitop quarks. ! =

#m A Department of Energy National Laboratory



Luminosity delivered to ATLAS since the beginning
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ATLAS is very grateful to the LHC team for this superb performance




The ATLAS detector
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Our detector is 46m long,
25m high. It has 100 million
channels of digital data. The
proton-proton collisions '
happen 20 million times
every second. Each collision
produces megabytes of data.

We need fast processing
using WLCG to turn the
digital data from 100M
channels into the
particle tracks as well as

W-ev candidate in

energy signals for [re : e 4 7 TeV collisions
\ A ‘ th ) /(,/ p,(e+) =34 GeV
neutral particles, as you \\ ey i e

M, =57 GeV

see in the right plot.




Nearly 1 Billion channels of 0 and 1 need to be processed into particles every 50ns.
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http://atlas.ch
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Event: 71902630
Date: 2012-06-10
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ATLAS: Status of SM Higgs searches, 4/7/2012
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CERN experiments observe particle consistent with long-sought Higgs boson
Geneva, 4 July 2012. At a seminar held at CERN today as a curtain raiser to the year’s
major particle physics conference, ICHEP2012 in Melbourne, the ATLAS and CMS
experiments presented their latest preliminary results in the search for the long
sought Higgs particle. Both experiments|observe a new particle in the mass region
around 125-126 GeV.
“We observe in our data[clear signs of a new particIeJ at the level of 5 sigma, in the
mass region around 126 GeV. The outstanding performance of the LHC and ATLAS and
the huge efforts of many people have brought us to this exciting stage,” said ATLAS
experiment spokesperson Fabiola Gianotti, “but a little more time is needed to
prepare these results for publication.”

"The results are preliminary but the 5 sigma signal at around 125 GeV we’re seeing is
dramatic. This is indeed a new particle. We know it must be a boson and it’s the
heaviest boson ever found,” said CMS experiment spokesperson Joe Incandela. “The
implications are very significant and it is precisely for this reason that we must be
extremely diligent in all of our studies and cross-checks.”

“It’s hard not to get excited by these results,” said CERN Research Director Sergio
Bertolucci. “We stated last year that in 2012 we would either find a new Higgs-like particle or
exclude the existence of the Standard Model Higgs. With all the necessary caution, it looks to
me that we are at a branching point: the observation of this new particle indicates the path for
the future towards a more detailed understanding of what we’re seeing in the data.”
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CERN experiments home in on new particle

Geneva, 4 July 2012. At a seminar held at CERN today as a curtain raiser to the year’s major
particle physics conference, ICHEP2012 in Melbourne, the ATLAS and CMS experiments
presented their latest preliminary results in the search for the long sought Higgs particle. Both
experiments see|strong indications]for the presence of a new particle in the mass region around
126 GeV.
“We observe a|significant excess of eventg, at the level of 5 sigma, in the mass region around 126
GeV. The outstanding performance of the LHC and ATLAS and the huge efforts of many people have
brought us to this exciting stage,” said ATLAS experiment spokesperson Fabiola Gianotti, “but a
little more time is needed to prepare these results for publication.”

"The results are preliminary but the 5 sigma signal we’re seeing is dramatic. If this is indeed a
new particle, then we know it must be a boson and it would be the heaviest such particle ever
found,” said CMS experiment spokesperson Joe Incandela. “The implications are very significant
and it is precisely for this reason that we must be extremely diligent in all of our studies and cross-
checks."”

“It’s hard not to get excited by these results,” said CERN Research Director Sergio Bertolucci. “We
stated last year that in 2012 we would either find a new Higgs-like particle or exclude the existence of the
Standard Model Higgs. With all the necessary caution, it looks to me that we are at a branching point: the
observation of this new particle indicates the path for the future towards a more detailed understanding of
what we’re seeing in the data.”

The next step will be to determine the precise nature of the particle and its significance for our understanding
of the universe. Are its properties as expected for the Higgs boson predicted in 1964, the final missing
ingredient in the Standard Model of particle physics? Or is it something more exotic? The Standard Model
describes the fundamental particles from which we, and every visible thing in the universe, are made, and the
forces acting between them. All the matter that we can see, however, appears to be no more than about 4% of
the total. A more exotic version of the Higgs particle could be a bridge to understanding the 96% of the
universe that remains obscure.



Many thanks for sending a preview of the press announcement.
Such a pre-announcement is very much needed and expected by the
media to prepare proper actions!

Let me quickly comment on the general content of this release:

It avoids to quote a "Discovery" but rather repeats "indication" jas already used in the

December 2011 presentations and declarations. Most media are therefor likely to report this,
if at all, in short notes only. This intention was communicated to me by some

of the leading German media, and | can understand their reasoning well.

If a low public attendance at this time is indeed anticipated, this press release serves its
purpose. In this case, however, we will owe a later "discovery" statement to the public in
due time. Especially since Fermilab announced its findings yesterday already, saying that
their findings (discoveries in the press?) will (just) have to be confirmed by LHC.

If more is anticipated now, and public attendance not to be lost, a somewhat

sharper and clearer statement would be needed now. Something like a clear "Discovery"

of a new massive particle, thereby keeping the careful interpretation as it is phrased now.

Last December it was said that 5 sigma will be a discovery (or exclusion). We must be
careful to stick to our own measures and not to contradict ourselves.

| am sorry to contradict you (| guess this is the first time that this
occurs). | think that the draft is very carefully written and correct.

The so called 5-sigma is very much dominated by the 2-photons, where
some people (including partly myself) have still some doubts on the
assumed systematics of the background, and therefore on its statistical
significance. Other channels are coming up (like WW?¥*) for the final
publication that will allow everybody to feel confident about announcing
a clear discovery. | am not afraid of political implications regarding

the FERMILAB announcement (there were similar announcements from SLC
about number of neutrinos, but at the end it is the real understanding
from the LEP results that stands in the books).



RACING LIGHT

By comparing the proton signal at CERN to the resulting neutrino signal at Gran Sasso, the OPERA
experiment was able to calculate the neutrinos’ time of flight as they passed through Earth.
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Seeking new physics by looking for peaks
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| just wanted to say that | strongly endorse the decision to

not publish in Nature. While | fully appreciate issues like
impact factors of journals and cross disciplinary audiences,
given the scope of coverage of the Higgs in the popular press
already, plus the difficulties attributing papers to individuals
in our field (as seen by our academic colleagues), | don't really
see how either area would affect our journal choice.

And, quite frankly, in the end from the standpoint of posterity

| would much prefer having our seminal results discussed in the
scientific equivalent of the New York Times rather than the National
Enquirer, regardless of the number of readers and wider audience
of the latter. Given that publishing the Higgs paper in a European
journal seems sensible, Phys.Lett.B seems like a reasonable choice.

Best regards,
Rob



SM Higgs searches with the

ATLAS Experiment at the LHC
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Academia Sinica Taiwan
On behalf of the ATLAS Collaboration
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Higgs Search at ATLAS

Phys.Lett. B716 (2012) 1-29

efforts are deployed to consolidate the
measurements:
—Strengthening the results with more data
—Exploring additional channels
in the sea it cistandard | —Precision mass measurement
‘bosenfat‘the’lCF : —Extracting Coupling parameters
» Analyses based on channels/data below.
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umber: 203779, Event Number: 56662314

Date: 2012-05-23 22:19:29 CEST

A Higgs candidate
decays to two
photons. The
Invariant mass of
the two photons
Is 126.9 GeV.




\WATLAS

A EXPERIMENT

JATLAS

‘.‘1 EXPERIMENT

A Higgs candidate decays to two photons. - %
One of the photons converted to a pair of
electron and positron. Invariant mass of
the two photons is 125.8 GeV.
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Background modelling

Estimate backgrounds from data

* Mass spectrum is smooth and non-resonant. Signal modeled with

a crystal ball + broad gaussian (for poorly reconstructed energy)

Multijets

+ Simulation-based estimates subject to relatively large theory
uncertainties, mis-modeling of large background rejection factors

* Background models are tested for possible bias and chosen to

give the best p0 value at 125GeV
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Observation and study of the newly discovered boson in the two photon
decay channel with the ATLAS detector at the LHC

The ATLAS Collaboration

Abstract

A search for the Standard Model Higgs boson in the two photon decay channel with
the ATLAS detector at the LHC is presented. The datasets used correspond to integrated
luminosities of 4.8 fb~! collected with /s = 7 TeV collisions and 13.0 fb~! collected with
vs = 8 TeV collisions. This result confirms the observation of a new boson which was
previously reported by the ATLAS and CMS collaborations with the combination of several
decay channels. With the additionnal data, the observation has a local significance of 6.1
standard deviations in the diphoton decay channel alone, with a measured mass of 126.6 +
0.3 (stat) + 0.7 (sys) GeV. The fitted number of signal events is found to be 1.80 + 0.30 (stat)

02l (syst) T7y (theory) times its Standard Model predicted value.
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95 % (dashed) CL contours.
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QATLAS

http://atlas.ch

Run: 182796

Event: 74566644

2011-05-30 07:54:29 CEST
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December 4, 2012 — 00 : 46 Vs =8 TeV and vs=7 TeV
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Figure 8: The distribution of the four-lepton invariant mass, my,. for the selected candidates compared to
the background expectation in the 80—-250 GeV mass range for the (a) /s = 8 TeV and (b) /s = 7 TeV
data sets. The signal expectation for several my hypotheses is also shown.



Updated search and measurement of properties of the new Higgs-like
particle in the four lepton decay channel with the ATLAS detector

The ATLAS Collaboration

Abstract

This note presents an update of the search results and a first measurement of the proper-
ties of the newly observed Higgs-like particle in the decay channel H — ZZ™) — £+~ *(~
where £, = e or . using 4.6 fb™" and 13.0 fb™! of proton-proton collisions at /s = 7 TeV
and 8 TeV, respectively, recorded with the ATLAS {Ietector The po value Df the excess of
events at my = 123.5 GeV is 0.0021% (4.1 standard devi: y alysis of
the two datasets. The fitted mass is measu el|123.5 + 0. Q(Hdt)*” 4(5} st) GeV| and the
signal strength at this mass is found to be[1.37%€. |An analysis is performed on the spin and
parity of the events with 115 GeV < myg < 130 GeV. The 07 state is found to be favoured
over 07, 2, and 27,




Missing Transverse Momentum is key to new physics !
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We proposed to use track based p miss

High luminosity from the LHC comes

wit the cost of multiple interactions Vertex based meiSS

per bench crossing: High pile-up
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Stability of track-based p;™ss in W events

e Wolv (I=e,u) offers the possibility to estimate the

performances of p;™'ss measurement:
- Low hadrinic activities in events without jets, well known 2-body
decay kinematic
- Undetected neutrino = Missing energy (conserved in the
transverse plan)
- Direction of missing transverse energy calculated to balance the
muon and the hadronic recoil.

e W — v events have been used for p;™ss studies
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Perfect stability of the resolution on the direction of track-based p;™ss w-r-t pile-up
when compared to the “true” missing energy or to the muon directions.



Taiwan group iIs the leader of the
track based missing transverse
momentum performance group In
ATLAS. The tool is used in Higgs
search and SUSY search.

H —-> WW* = [lvv
HotT



ATLAS
EXPERIMENT

Run Number: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST
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H—> WW* - llvv: results

signal significance 2.60 (expected 1.90)

m, =125 GeV
signal strength (ratioto SMrate) = 1.5+ 0.6

backgrounds &
assumes SM ratio of production mechanisms signal acceptance

o(pp— H)-Br(H - WW) = 70177 (stat)f}:g (theory)ﬂjg (exp) = 0.3 (lum) pb

SM expectation: o(pp — H) - Br(H - WW) =4.77 £ 0.64 (xsec) = 0.2 (BR) pb
LHC Higgs XS WC

T LA L e e

vvvvvvv TRk ] Y

10° - ATLAS Preliminary
10° - H—wWwW! ' Sevuvipvev (0/1 jets)
10k \s=8TeV: [Lat =13 1"

6l ATLAS Preliminary
i HWW! ' Sevpvivev (01 jets)
1s=8TeV: [Ldt= 13 10"
SN —— Obs. best fit
4[N B -2ini(p) <1
50N = EXp. best fit m = 125 GeV
— -2Ink(u} <1

Local P,

Signal strength (u)
o

1 1
% IRTN FUTRY ETRTY SRR FRRRE fe




H—tt searches in ATLAS

8
! T
H
! T

& ggFH=tT d VBF H->t'T d  WH>qqtT

et

7

Separate analysis for three different 1T decay mode.

— lep-lep =1l 4v : (ee)+eu+upu

—lep-had =1 15,4 3V : € Tagt M Thag

— had-had = 134 Thag VV © (Thag Thaa)

» Combined all three channels to search for H—tt signature.

This is the only search channel to probe Higgs coupling to lepton.




H—tt seraches in ATLAS

EXPERIMENT

A I LA S Run Number: 204265, Event Number: 178165311

Date: 2012-06-02 19:53:30 CEST

ppdvE = 96 GeV
;I)g~ = 63GeV
ERS — 119GeV
mj; =629 GeV
mymce = 129GeV




H—1tt results: combined limt and p0O

Calculated limits and significance using MMC distribution as the discriminant.

Signal extracted with Profile likelihood.

E1'DZI||||||III||||||
- ,92 H_”ICHJS.EWEI:I oL ATLAS Prfelmlnaql
= - —— -
I:=: F _ Expoctod CL, | Lat~46M7, {s= eV 3
o &8 -2 |Ldt~13f0" Ve =2TeV
= - -
E 7F ) 3
o & E
e -
% C

4t

3

a

1

D:I | 11 1 | I | I | I 11 1 | I | | | 11 1 | | I:

100 110 120 130 140 150

M [GeV]

u=0

Expected:1.2xSM Observed:1.9xSM

Local p

1Gj

ATLA& Frellmlnar'g.- lLdt 46&: *s 7 TeV -

= Qbserved H — 1t
--- Expected for 5M Higgs Boson
I Expected for SM Higgs Boson at mH-12£ GeV -

[Lat=130m" {s=8TeV

p=1
Expected:1.2xSM Observed:1.9xSM

Best fit value of Signal Strength () is 0.7 £0.7



H—bb In ATLAS

WH with W—uv, H— bb candidate

@ATLAS

EXPERIMENT
http://atlas.ch

Run: 207620
Event: 101402870
Date: 2012-07-29
Time: 00:05:11 UTC




VH, with H—bb, analysis strategy

. w*
« Analysis is divided into three channels: w*V\SJJ
Two lepton One lepton

Zero lepton
& 120

ZH — lIbb WH — Ivbb ZH — vvbb _
+ No additional leptons * No additional leptons * No leptons
.+ E/miss <60 GeV « EMes > 25 GeV E/Mss > 120 GeV | P
+ 83 <m; <99 GeV * 40 <MY <120 GeV = E,Mss trigger >/5:’V\VYS
+ Single & di-lepton trigger + Single lepton trigger

- HO

- Total of 16 categories with cuts optimized for each
— O-lepton: 3 bins in E{™= x (2 jor 3 jets)
— 1 and 2 leptons: 5 bins in p;"-#

+ Leptons with loose ID require p; > 10 GeV, while medium and tight require 25 GeV.
« Require 2 b-tagged jets using multi-variate tagger (|n|<2.5), extra jets have |n|<4.5
- Two b-tags: 70% efficiency per tag (mistag ~1%)

- Data used: 4.7fb" at Vs = 7TeV (2011) and 13fb" at Vs=8 TeV (2012)
- S/B is not large, but increases as p;"® increases
- Not yet enough Vs and [Ldt to use jet substructure techniques



85% C.L. limit on o/,

VH, with H—bb results

» Expected and observed events:

O-lepton, 2jet | O-lepton, 3 jet L-lepton 2-lepton

Bin ET [GeV] pYGeV] P GeV]

120-160{160-200 >200{120-160|160-200|=200 0-50(50-100{100-150|150-200|=> 200| 0-50|50-100/100-150{150-200/=200

ZH 29 2.1 2.6 0.8 08 1.1 0.3 04 0.1 0.0 0.0 4.7 0.8 4.0 1.5 14

WH 0.8 04 04 0.2 0.2 0.2 106/ 129 7.5 3.6 36 00 0.0 0.0 0.0, 0.0

Top 89 25 8 92 25 10 1440| 2276 1120 147, 43| 230 310 84 I

W + ¢light 30 10 5 9 3 2 580| 585 209 36 17 0 0 0 0 0

W+ b 35 1313 8 3| 2 770 778| 288 77| 64| 0 0 0 o o

Z + ¢ light 35 14| 14 8 5 8 17 17 4 1 0 201 230 91 12| 15

Z+b 144 51 43 41 22 16 50 63 13 5 1/11010( 1180 469 75 51
Diboson 23 11 10 e = 3 53 59 23 13 7 37 39 16 b =
Multijet 3 1 1 1 1| 0 890 522 68 14 3| 12 3 0 o o

Total Bkg. 361 127, 98 164 63 42 3810| 4310 1730 297 138(1500| 1770 665 97 72
+ 29 + 11+ 12 +13 +8 =5+150] + 86 + 90 +27 £ 14+ 90 =+ 110 + 47 +12 =12

Data 342] 131 90| 175 63| 32 3821 4301 1697 297 132|1485| 1773| 657 100 69
I B e L S “ﬂ.nmsmum:nary VH (bB}

C ATLAS Preliminany Vs=7TeV, [ Lt=47m" 7 _':x _I‘r_m.rrﬁ',xurn»:ji.mnmi’.q'mnv
5_ +m:§:_:: HE:ETEUIIL‘#: 13,Drb1__ I_ .................................................................... &

P i d . o B e 4 _

Jf e VH{bE), combinsd ] » Observed (expected) limit at |-

m = &7 3 [

;= 1 my =125 GeV
aj_ _: -1-8 {1_9}ISM [ ———— e i

- — o
R 1+ Observed (expected) p0 "

5 | value:0.64 (O15) -~
1 - + Exclusion at my ~ 110 GeV wo oW W R
EI:I i M I T R | T I T S T ]

no 1o 120 e T80 ology =M =-0.4 + 0.7(stat.) + 0.8(syst.) 42

m, [GeV]

Oo



Search for SM Higgs Boson in H—>bb
at the LHC

Second MCTP Spring Symposium on
Higgs Boson Physics

April 16-20, 2012

Song-Ming Wang
Academia Sinica
On behalf of the ATLAS and CMS Collaborations
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Leptons  Quarks

The Generations of Matter
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Professor Hawking: "'l could have gone on and on**
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Interaction without breaking
symmetry and conservation law.
This is called local symmetry.
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We can have interaction while keeping the
symmetry by carefully choosing a coordinate
system to describe the states of an elementary
particle in a small region around each space-
time point.

Nature seems to favor this type of interactions.
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A failure of reductionism?
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The Nobel Prize in Physics 1913

""for his investigations on the properties of matter at low
temperatures which led, inter alia, to the production of

liquid helium™

C.002 /r
0005 1:'
Heike Kamerlingh Onnes i
0.0010 : '
jatelelels :I
<10°® ,:I
\ ; !
0.060 ! i
4°00 4%10 4720 4°30 4 0 450

Thus the mercury at 4.2°K has entered a new state, which, owing to its
particular electrical properties, can be called the state of superconductivity.



The Nobel Prize in Physics 1972

""for their jointly developed theory of
superconductivity, usually called the BCS-theory"
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Rigidity and Zero Resistivity
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In the presence of a condensate of electron pairs, a propagating
electron has a finite amplitude to change into a hole by paring itself
with a lattice electron. The new pair is injected into the condensate.
RERY FERRITUREITF AR FE]
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Josephson Effect
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Distributed Computing is used to support
some of the most visible science projects
such as:

LHC Experiments: Major discovery Is

expected to be announced this year,

(Observation of a new particle was announced on July 4,
2012. ASGC processed 10% of data used by physicists
around the world to search for this new fundamental particle.)

AMS Experiment: Scientists are eagerly
waiting for the announcement of the first
result on anti-electron spectrum this year.

85



Nearly 1 Billion channels of 0 and 1 need to be processed into particles every 50ns.

"‘3 —  QAIAS

http://atlas.ch

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST

ATLAS: Status of SM Higgs searches, 4/7/2012 86



Global Effort > Global Success

Results today only possible due to
extraordinary performance of
accelerators — experiments — Grid computing

Observation of a new particle consistent with
a Higgs Boson (but which one...?)

Historic Milestone but only the beginning

Global Implications for the future ciw

R-D Heuer ‘' N4~



It would have been impossible to release physics results so quickly without

the outstanding performance of the Grid (including the CERN Tier-0)

| Number of concurrent ATLAS jobs Jan-July 2012

Running jobs
181 Days from Week 01 of 2012 to Week 26 of 2012
T T T

160,000

Includes MC production,
user and group analysis
at CERN, 10 Tierl-s,

~ 70 Tier-2 federations
- | > >80 sites

140,000

120,000

> 1500 distinct ATLAS users
do analysis on the GRID

Mar 2012 Apr2012  May 2012 Jun 2012

1 e U
Jan 2012 Feb 2012

W MC Production M User Analysis W Group Production W Group Analysis W Validation
[ Testing [“Data Processing [0 Others

Maximum: 154,378 , Minimum: 35,776 , Average: 110,775 , Current: 139,430

O Available resources fully used/stressed (beyond pledges in some cases)
[ Massive production of 8 TeV Monte Carlo samples

Q Very effective and flexible Computing Model and Operation team - accommodate high
trigger rates and pile-up, intense MC simulation, analysis demands from worldwide
users (through e.g. dynamic data placement)




ASGC Computing Center

. Cooling P :CPUP ' 1

e Total Capacity A % S

e 2MW, 400 tons AHUSs Winter  1:2 CECTEIIT ) |

e 93 racks g || oo
(LLLIILLT]:

e ~ 800 m2 L

e Resources 3 -

e 15,000 CPU Cores : St

e 9 PB Disk e

e 5PB Tape s o d

e Rack Space Usage  : & 1 it Eﬂ

(Racks) §

e ASe-Science: 54.1 (58.4%) o e o

e ASCC: 8.4 (9.0%) Monitoring the power

e IPAS: 6.0 (6.3%) consumption and temperature

of every piece of equipment

e Free: 24.5 (26.3%) every 10 seconds.

89



# = Number of Computing Elements of ASGC
Purpose # blades ilﬁe per #core  [Location i# total core
HPC_10G 163 (IBM) 12| 1956 [Cl1C4,C1C5,CIE6,C1F4,C1F5
HPC HPC DDR  DAS(HP) 8 1984 [C2A10,C2A11,C2A12 5092
HPC QDR 96(HP) 12| 1152 |eiescicac1as
C1B6,C1B7,C248,0281,C2B2,C2B3,C2B4,C2B
ASGC-T1 353(IBMH+92(IBM)=445 8 3448 5. C2B6,C2B7
C1B3,C1B4,C241,C2A2,C2A3,C244,C2A5,C2
WLCG e O, 14 CEMD 4 92 [3A1 6172
197(TBM)+50(BM)-+16( C1C4,C2A1,C2A2,C2A4,C2AS,C2A6,C2A7,C2
Core service  HP)+14(IBM)+20 4812 1564 |A8,C2B1,C2B2,C2B3,C2B4,C2BS,C2B7,C2D2,
(Quanta) C2D4,COD5,C2E2, C2E3,C254
Cloud ﬁi@lmﬁﬂ"mm 8121 1976 |C1BLCIB2,C1B3.C1B4,C1G1,C2B3,C2BT
61 (IBM)+16(HP)+86(IB C1B4,C1B5,C186,C2A2,C2A4,C2A5,C2A7.C2
aich(2 M,pending)=163 4.8 1092 |;¢ ~B1 C2B2.CIB3,C2B4,C2BS5.C2B6,C2BT
Testbed 3904
las—ce0l 30 (IBM) 8 240 [2B2.C2B4,C2BS
VM 53(IBM) 4 212 |2A1L,C2A4,02A5,C249
T3 B2(HP) 12 384 |y
Storeroom 49(IBM)+40 (Quanta) 4 356 356

15524




B 3U 16bay
. Nexsan

CASTOR

DPM
(T1&T2)

ASGC-UI

AMS
(t3se02)

HPC_10G

DB,NFS

Dynamic
pool

Total
chassis
Total
space(TB)
Total
device

C2D
C2E

C34A

C2E

C1lE

C1B
C2A

C2D

Storage Elements of ASGC

Total
chassis

3TB

10

10
26

1728
576

21B

30
48
1

10

22
105

4880
2440

iTB

19+8

16+8

55
1512
1512

57
58

6
10

5
56

193

Raw
space

(TB)

2184
3024

48
288

320

144
2448

| 8456

Total
device

1464
1392

24
96

360

120
1440

4896



Building a Platform for
Distributed Cloud Computing
to Support e-Science and
Digital Resource on Demand.

Building efficient cloud centers

CE, SE, NE monitoring and control;
Building VM manager

Connecting cloud centers by grid

Collaborating with CERN to develop distributed job and data management
Building cloud interface to grid

DiCOS (Distributed Cloud Operating System)



Single Rack Data Center

42U
e e S x1 1U Switch

® [t consists of
» 1 Pbyte storage
» 1000 CPU cores
» One switch

x5 4U RAID chasses

® Power consumption
> 10 kW to 15kW

® Easy to expand and
rearrange
» Use as the private cloud in x18 1U servers or Blade
aresearch group or a servers
company.
» A basic unit in a data
center

C.H. Lin




Traditional Cooling Architecture

Outdoor o Data Center .
Environment 20°C i 40°C

Environment
Cold Alr Hot Air

o0
30° C
i Hot A|r |
Condenser B
2 Evaporator
° [0

Compressor Cold Fluid (0-5°C) 2 20°C

: Cold Air
Hot
Air

Air is used as the heat transfer
medium.

® FEvaporator temperatureis set ~ 0-5°C.

® Typical PUE of a data center =2 (1:1)
Dedicated air flow design is required. > ASGC PUE = 1.5in winter and 1.7 in

» Fans are needed to guided the air flow. summer.
» Various infrastructures are needed. ® 2MW data center (PUE = 291_3)
Very noisy (~ 90dB) » Save 2M NTD per month
» Save 320tons CO2 per month

C.H. Lin




New Cooling Architecture

Outdoor Environment Data Center
("window air conditioner" like system) Environment

p

Condenser
&

Compressor
r:_:t; Cold Fluid 15-20°C
ir

® Conductional cooling from inner parts to rack
sidewalls.

® Use rack sidewalls as evaporators.
Flow refrigerant through it.

Evaporator
vaporator

C.H. Lin




Scalable Architecture

*laaS and PaaS over the Grid, Cloud and DesktopGrid
*System components would occupy only 3 nodes for current minimum setuy
*Flexible configuration from a home facility to a mid-size data center

. - . 10 Gbps Ethernet backbone

Hypervisors

Hypervisars
i O A e an e

Hypervisors
[ N L i




ASGC Distributed Cloud Infrastructure

Remote Site

Cloud Computmg Master node | Cloud Controller
I

ucture Managment ;

I
I
I VMIC
I
I

WebFileSystem Slte rposﬂory
Repository & Virtual appliance service - — — — — — — _ _ . _

S U o S ey S U £ G S S oy S S O C O S} S Sy R




PanDA: Production and Distributed Analysis System

Job ] PanDA
[Schedullng’ PanDA Brokerage ] Server

Data | Monitoring System Data
Scheduling | ° Management
https Hps System

Production

Production i obs
Managers I m Logging ]
g ! 3 l . [Submitter System

define

Task/Job
Repository
(Production DB)

Storage
System

L

CVMFS
Repository

Condor-G

Pilot Scheduler
\ (autopyfactory)

e e e o o o o o o o o o o



November, 2012

ASGC Manpower

Management & General Support HPEE - EE T MYk s 2 RF B EA

Operation FHRE BRI C-FER-RES X FP S HaEd
i F R

Cloud &Grid Technology ?r?zfg PR HAR B AT R A
T

Application Development MG > FEP -2 Ry~
International Collaboration and - ESNFWESARLSG ~ 242 R~ ASTE

Dissemination
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Outlook for 2013-2014

® Distributed Cloud Computing Software
deployed In our data center

® Single Rack Cloud Centers deployed and tested

® Support applications in internationally
collaborated projects in environmental science,
earth science and bio-medical science.

S.-C. Lee

W 7 100






Theory vs. Experiment
Theorists deal with 0 and 1
Experimentalists deal with numbers between (0, 1)

Given data, what is the probability f that a certain model be true?

f(H;|data) = f(data|H;) f(H )/ Z
N S S

posterior likelihood prior partition function

Posterior becomes the prior of a new

Hy = SM()\la Ag,y - ) measurement.
Hy = BSM (pa, 2, - -) Partition function is a normalization constant
equals to the sum over all models and model

Hs = data fitting models
parameters of the numerator.

Since calculating the partition function Z is difficult, people usually try to find the
parameters for which the likelihood is a maximum and use Gaussian approximation
around this maximum so that the normalization is known. The availability of huge
computing power could change the situation. Tools and concepts developed for dealing
with quantum or thermal fluctuations can be used to deal with statistical fluctuation
and vice versa.



Likelihood model is based on mathematics.
For fitting, we usually choose Gaussian distribution
based on the Central Limit Theorem.

For classification, we usually choose binomial
distribution.

Instead of likelihood, we often use negative log likelihood which is
called a Loss Function or a Cost Function. When the likelihood is 1, the
Loss Function is 0. Maximizing likelihood is the same as minimizing loss.

The usual task of data analysis is to find the
theoretical model or to build a phenomenological

model that maximizes the likelihood.
For the Bayesian approach, we also need to know the
likelihood for models away from maximum likelihood.



