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, 0.1% Neutrinos

AN

v e muwrye 1w o wuillider LHC at CERN
IS the machine, that allows to
explore these uncovered territories,
and hopefully provide some answers !

C.Grab



Eidgendssische Technische Hochichule Zirich
Swiss Federal Institute of Technology Zurich

LHC - the tool for breakthroughs !

a Large Hadron Collider (LHC) W S
collides protons at 3.5/4.0 TeV
at typically 40/20 MHz
> a NEW regime

0 Four experiments/detectors, with
up to 3500 persons/experiment

O Experiments record the particles
produced in these collisions

Q Physicists around the world want
to access and analyze these data
as fast as possible

to make discoveries ! | That's a challenge !
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Every 50 nano-second new collisions.... And may show up as a tiny signal

on top of a large (highly reduced)

Only about ONE in a billion is a really background... not to be missed !

interesting reaction, e.g. a Higgs boson
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~ " Large Hadron Collider (LHC)
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CMS Detector in the Cavern

00C AUtﬁorzsmdludmg ~2200 Fh[’}”s nd'




100 m below ground

First elements; Nov 2006

-2 /

(=20000=28  Feb. 2007
B o S

Weight: 12,500 t
Diameter: 15 m
Length: 21.6 m
Field : 4 Tesla
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At every p-p collision
detector records
all reaction products

Total ~ 100 million channels
~digital camera with 100 Mio Pixel,

that records a picture
40 million times per second

1l

Physicists analyze
these events (“picture”)

yie

>10% protons per bunch ~y

~ 1400 bunches too much to be stored ...
Collisions : 40-10%/ sec
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Data Harvest : high quality Event Pictures

Graphical representations of reaction products measured with the detectors

QATLAS

EXPERIMENT
http://atlas.ch
Run: 189280

Event: 143576946
2011-09-14 12:37:11 CEST



http://aliceinfo.cern.ch/static/Pictures/pictures_High_Resolution/wwwFirstPbPb/ev4796_RPhi.png
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Overview of Data Reduction and Analysis
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< reconstruct topologies = classify and “count” event types.
<+ Use self-developed optimized algorithms.
» Study statistical distributions of event classes, compare to theory.

<+ Need a good description of “known processes”, and precise simulation
and modeling of detector properties to get efficiencies and predictions.

» Every event is independent of the others -> massively parallel process
< Distribute and analyze events worldwide.
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L2 + High Level Offline

Trigger data
embedded proc. + storage
commodity CPU farm

Rate: 75 kHz Rate: 500 Hz
75 GB/sec ~500 MB/s

Combine
detector
info

Analyze e

Upper Level subdetector
Info

Detector

Electronics

Reduction of: 105 in eventrate
and 107 in datarate
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Condense
and store
high-level

reconstruction,
calibration,
alignment

Individual physics
analysis, algorithms,

statistical methods
data
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Common framework Individual User/group Analysis
centrally coordinated data access Chaotic data access

h N

\

Y\ F all the same steps for SIMULATION too .... >

Analysis model mapped onto ..
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Hierarchical Structure -“WLCG”

— “WLCG =worldwide LHC Computing Grid”
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WLCG Collaboratlon
CERN =Tier O
11 Tier 1s
over 150 Tier 2s
and hundreds of Tier 3s

Total capacity (ai/13):

~ 250 PB disk; ~ 200 PB tape;

5 MHSO06 CPU (1Hso06~1 GFiop)
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A few real numbers ...
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Some Numbers - Storage Writing at CERN

> Data written at Tier-0 to tape ~ 1 PB per week
> Total data written in 8 months ~ 20 PB
> CERN passed 100 PB written on 3.2013

CASTOR data written, 01/01/2010 to 31/8/2012 (in GB)

... Datawritten to tape per month at CERN (TierQ)

AMS, 989440.76
20.7132841

COMPASS,
1150656.151

-#,@J*PJ&"P#*PE*?J'P Jﬂ' #"gﬁ@dﬁﬁ@dﬁpf

CASTOR data written tape, 01/01/2012 to 31/8/2012 (in GB)
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"""""""""" ~ Some Numbers on Data Transfer

> Data transferred
out of Tier-O / CERN on average ~ 15 GB/s
using dedicated optical private network “LHCOPN”

Average data throughput from CERN to Tierls
5o Throughput CERN - Tier-1

2012-10-1713:30 to 2012-10-18 12:20UTC

1 =20 GB/s

=

Throughput (MB/s)
=]

-
LRI JCNC U JO I SN R

>

<

B atlas @ cms @ Lheb 1 day
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LHC Optical Private Network
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LHCOPN - Large Hadron Collider Optical Private Network : in production since May 2009
... dedicated link of the network to allow distribution of data from TO/T1 to T1s.
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Global WLCG Data Transfers 2012

Average data distribution between Tierls

@dashoo 2012-01-01 ooTtlz‘org:uz%r;zp-lg-n 00:00 UTC Constant Stable throughputs
of > 10 GB/s between centers
: | +— 10 GBI/s
E 2012-0 l-O;r(:(?rﬂ‘gi?;(ﬂg!lilgel 00:00 UTC
40% & q,i"; &
|- atlas @@ cms B Iheb |
200 PB shipped
between WLCG centers
in 2012
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Monitoring Running Jobs of CMS

Number of S|multanously running jobs of CMS only
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~ Numbers of WLCG Jobs and CPU usage

> Number of jobs of all experiments > 2 Million jobs/day
=» ~ 50 Million jobs/month

> CPU usage : 1009 HS06 *hours/month
(equivalent to 150 kCPU continues use; 1 HS06 ~1 GFLOP)

—
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Why all these efforts ?

... PHYSICS is the motivation ...

Reality
Experiment

S ifd"’“a:ﬁ(:c)

... just some highlights of results ... !

C.Gra
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LHC, /5 = 8 TeV

didet(pp > 100 GeV)
.

Cross Section [pb]

"=0.1-m)

(' =0.01-m)

Total Integrated L

l[]-_lIA - - . =
10 100
Seale

1000
/ Mass [GeV]

first MinBias / UE
studies, particle multiplicities

first incl. b x-section, 8/nb
0~15%

first incl. jet x-section, PF jets
60/nb & ~20-30%

first incl. W/Z x-sections, 200/nb

5~ 4-6%, +11% lumi

first incl. J/Y x-section, 100/nb

5~ 20%

Ameman

| frst fop xsec, 3/pb '\

CMS Integrated Luminosity, pp

and all the rest, plus

5~ 40%

ﬁrsg single top xsec,
-chan., 36/pb
3~ 36%

first meop, 36/pb
A~65 GeV

first WW xsec, 36/pb
5 ~40%
first limit on HWW

going more dlfferentlhl
eg. ZW+jbc |

first significant limit on
Bs—py, BR<1.9x1(Ti

first particle discovered
by CMS: =p

luded from 2010-03-30 11:21 to 2012-12-16 20:49 UTC newest results:
See now
| e 2011, 7 TeV, 6.1 1 | s 2012, 8 TeV, 23.3 10 !
20
15
first >20 local excess
atlow my, 1.1-1.7 ffb 10
5
k 'S 0
A I s*o \x"“ 1%
Date (UTC) ,
repeating the program
first ZZ xsec, 1.1/ | at8 TeV
0 ~40% ‘

from G.Dissertori (Aspen 2013)
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Physics — Electroweak Processes

Nov 2012 CMS

Q : - 3
o i W i $ 7 TeV CMS measurement (stai®syst)]
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JHEP10(2011)132 CMS EWK-1 1-009 CMS-PAS-EWK-11-010 (WZ)
JHEPO1{2012)010 CMS-PAS-SMP-12-005 (WW7),
CMS-PAS-SMP-12-011 (WIZ & TeV) 007(ZZ7), 013(WW8), 014{ZZ8), 015(WV)

o Theory (lines) describes data (points) remarkably well ...

No significant deviations found from
theoretical predictions ...
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C.Grab 27


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Eidgendssische Technische Hochschule Zdrich
Swiss Federal Institute of Technology Zurich

Standard Model Physics

—~10"3 - — : QCD Jet production
10 p
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No significant deviations found from our best
theoretical model, the “standard model” ...
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Many, many searches for new physics....
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Nothing EXxotic found ... Limits on Mass/Scale

C M S EXOTI CA 95% CL EXCLUSION LiMITS (TEV)

g* (ag), dijet
q* (gw)
q° (gZ)

q”® , dijet pair

q°, boosted Z

e’" h=2TeV

ut, =2 TeV

Z'S5M lee, py)

Z'55M (tT)

Z’ (tt hadronic) width=1.2%
Z' (dijet)

Z' (tt lep+jet) width=1.2%&
Z'SSM (Il) fob=0_2

G (dijet)

G (ttbar hadronic)

G (jet+MET) 'M = 0.2
Giwl kM =01

G (ZINZ(gq)) kM =01
W)

W (dijet)

W (td)

W= WZ(leptonic)

WR' (th)

WH, MNR=MWR/2

WHKK = 10 TeV

pTC, mTC = 700 GeV
String Resonances (gg)
s8 Resonance (gg)

E6 diguarks (gq)
Axigluen/Coleron (ggbar)
gluino, 3jet, RPY

gluine, Stopped Gluine
stop, HSCP

stop, Stopped Gluino
stau, HSCRP, GMSEB
hyper-K, hyper-p=1.2 TeV
neutralino, ct<30cm
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Compositeness
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LCH, B=0.5
LQ1, B=1.0
L2, B=0.5
L2, B=1.0

LOS (bv), Q==1/3, B=1.0
L3 (bT), O=x2/3, =4/3, B=1.0
stop (b1}

b — tW, (31, 21) + b-jet

q’, b'/t" degenerate, Vitb=1
b — tW, l+jets

B' — bZ (100%)

T — tZ (100%a)

t* — bW (100%8), l4+jets

" — bW (1009%6), I+

C.I. A, X analysis, A+ LL/RR
C.1. A, X analysis, A~ LL/RR
C.l., py, destructve LLIM
C.l., pu, constructive LLIM
C.L, single & (HRCM)

C.1., single p (HRCM)

.1, incl. jet, destructive
C.l., incl. jet, constructive

Ms, vy, HLZ, nED = 3

Mz, Il, HLZ, nED =3

M=, yy, HLZ, nED = 6

Ms, ll, HLZ, nED =6

MDD, monojet, ADD, nED =3
MDD, monojet, ADD, nED =6
MDD, mono-y, ADD, nED = 3
MO, mono-y, ADD, nED = 6

BH, rotating, MD=3Te\, nED =2
BH, non-rot, MD=3TeV, nED = 2

BH, rotating, loss, MD=3TeV, nED =

BH, boil. remn., MD=3TeV, nED =

BH, stable remn., MD=3TeV, nED =

LeptoQuarks

2 3 4 ]

Generation

Contact

Interactions

T

Except ...

T LTt 3
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Event Candidate

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

i




Eidgendsiische Technische Hochachule Zirich
Swiss Federsl Institute of Technology Zurich

Search the SM Higgs Particle ...

Example plots from CMS: more details on CMS and ATLAS websites.

Mass of 2 Photons Mass of ZZ - 4 leptons
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e Measurements show existence of new particle ,H" at 125 GeV!
o Both ATLAS and CMS see it independently (significance close to 7o)

o All findings are consistent so far with the standard model Higgs !
o More data and further analyses are needed to pin down its properties
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

EidgenBusiseh Technisehe Hothsehule Zirich
Swiss Federsl Institute of Techn: elagy Zurich

Event Candidate vy +2 jets

0 ,Sgﬁxperiment at LHC, CERN

‘Data recorded: Mon Sep 26 20:18:07 2011 CEST
;!'F}u,nAEvent: 177201 / 625786854

‘Lumi section: 450

C.Grab
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Event Candidate H - ZZ - 4 leptons
C

M*(Z)) pr: 43 GeV

8 TeV DATA
4-lepton Mass : 126.9 GeV

e(Z,) pr: 10 GeV

M (Z,) pr: 24 GeV

e*(Z,) pr: 21 GeV

CMS Experiment at LHC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115
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Swiss Federsl Institute of Techneiogy Zurich

Harvest of three Years of Physics ...

Show all | Total QCD | Exotica Searches @ Supersymmetry | B Physics Electroweak

Top Physics Higgs Standard Model
Beyond the SM: B2G

CMS experiment published
254 some papers! (10.3.13)
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This is CMS only, but the other experiments performed similar ....
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Eidgendssisene Technische Hochsthule Zirich
uuuuuuuuuuuuuuuuuuuuuuuuuuuuu

The Future ...

Machine LHC + Experiments ran well for three years
Now 18 months shutdown - increase beam energy

Increase in rate > NEED for increased compute
resources by about factor 2!

Planning goes up to ~2023
Surprises ahead 7?7

C.Grab
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