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Mass (giga-electron-voits)

The Standard Model
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1 Missing piece: Higgs
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Up quark
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Where we stood last summer

» July 2011
80.5 | | | | | Jluly 201 1
= Mt=173'2 + 0.9 GeV = | —LEP2 and Tevatron
. M,,=80.399 + 0.023 GeV :
=My =89"35,5GeV (68% CL) 80\4\ |
= Between the red diagonals
t 80.3- -
14 300 1000
" @MW 155 - 175 m 195
b top
» My < 185 GeV (95% CL)
| AVAVAV X rAYAVAVA'' .
W = But we don’t assume it's not above

185 without a direct search...



Problem

Classical SM
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* The Higgs mass: /

= SM particles affect the Higgs mass. Corrections are huge

= A could be 109 times the mass of the proton ( Planck scale)
= A.K.A.The Hierarchy problem
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» Partner particles
= Need same couplings A

A Solution

Cancellation

|

1 1
2 2p2 2p2
(mh)O[_ 1 SN+ TerZ SAZA ]+

1
(mf)o + 16nz(mf2~ — m{)In(A /m¢),

= Partners (especially 39 generation) with not too big masses
= A much smaller term is all that's left
= |t too becomes large if the new partners are very very heavy

= SUSY is the most appealing source of partners



The Dark Side

P YV ™

= We now know that only ~5% of the energy in the universe is
ordinary matter (remember E=mc?).

» 25% is dark matter
= SUSY theories can happily predict this amount

= There are other possibilities but SUSY is a favorite

= Provides great dark matter candidates
" (e.g. Neutralino or Gravitino)

= |eads to remarkable unification of field strengths
= And it fixes the Higgs mass problem




Or maybe not ...

= The absence of any hint of SUSY at LEP, the Tevatron, or LHC
accelerators (so far) coupled with results from cosmology and
astrophysics experiments, has motivated alternative models.

* These are characterized by new particles (like SUSY) or new
spatial dimensions

= Little Higgs (with T Parity)

= Universal extra dimensions (with KK parity)
= Strong dynamics

= Extra dimensions (large or warped)

= Hidden Valleys

= Split SUSY

= |f you don't exactly know what you're looking for, a
Large Hadron Collider (LHC) is the great tool to use!
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Delivered integrated luminosity (fb™")
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LHC 2012 RUN (4 TeV/beam)

|

—o— ATLAS 2.297 fb™'
—A— CMS 2.431 fb™!

| —0— LHCb 0.223 fb™! 1 4

—o— ALICE 0.393 pb™!
PRELIMINARY

Month in 2012

(generated 2012-05-20 18:10 including fill 2646)

Performance in 2012

T— . pr— —

Having gained confidence
In 2011 operations:

The LHC has increased
energy to 4 TeV beams,
tighter collimation and
B*=0.6 to allow much higher
instantaneous luminosity L
and much more [Ldt

(More on this later...)
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- LHC 2012 RUN (4 TeV/beam)
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Performance in 2012

Havmg gained confidence

—_— e R B

And it continues to perform
extraordinarily well!

Many thanks to Steve and all
the incredibly talented staff
involved!

I~

instantaneous luminosity L
and much more [Ldt
(More on this later...)
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2012 estimated [Ldt with sons

Integrated Lumi 50 (pb-1)

18000-0 TTTTTTTTEEE T T L L e T ===

16000.0 +-------------- T Bty SEEE e e ™ L
¢ Integrated Lumi 50 (pb-1) | | | K ‘

. S— . I ———— S—

J. Incandela CERN/UCSB

12000.0 ------====-==emmmm s mmm oo Fommmmmmmme | e

10000.0 -------------- e A

8000.0 —+-------------- R S ——_ A

B*=0.7m
148 days of phyS|cs

40000 ~--------=-===ni-m-----— . Fommmmmmmmmne- B e e

6000.0 | --------=-=--d-mmmmmmoooodo bommmmm oo i mmm e

20000 -+--------gzcocs e R B e e B e me

Reasona'ble to expect that the luminosity éstimate IS
fairly conservative ($*=0.6 m may be possible, many

i other improvements, etc.) |
[“]0s]Ls] From Steve Myers "
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J. Incandela CERN/UCSB
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12000.0 T s e et e
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If needed we can delay the start of LS1 by up to 2 months

From Steve Myers
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LHC

Lir N

« Tounderstand CP violation
« Find indirect evidence of new physics
« Todiscover new particles

« Toobserve the rarest decays




B(Bs—up)<4.510° at 95% CL

By ~3x1079

I
09 LHCb é
0.8
0.7 Probes SUSY, other
0.6 New Physics :

05 MSSM: BR~tan®p

0.4
0.3
0.2
0.1E

J. Incandela CERN/UCSB
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— AFB Precision probe of SM,
sensitive to new RH currents

% % 0'02 HFAG-charm

b 0.01 5 December 2011 s iﬁz: (B:BI'I:e
AAcp LHCD

0.01 EJA, LHCb

A, BaBar

0.005 o

0 Take differences
in measured
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-0.015F
LHCb 3. 50 from SM .
'96.02 -0.015-0.01-0.005 0 0.005 0.01 0.015 0.02

a|nd
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LHCDb: More results

B.— KK Am, 15t time meas. in - CPV in B—>DK |
2 = e
w2020 -~ —  charmless decays e By ~107 LHCb™
%] -3 C -
8 & F  LHCb - e — —
S E015-  Preliminary Accesses CKM angley < R
3:.1 ?0_10? \'s=7TeV N pengu|ns ‘::) D
O > c - &
© 30.05_— I
% E I T T I H
& o i}
g ——t—— Highly suppressed B, D decays
S -0.05— \ :
- with y dependent interference
-0.101-
-0.15)
. T R S B SR SR R
0200005 01 015 02 025 03 035

(t-t 0) modulo (2x/Am,) [ps]

* LHCb measurements constrain many
SUSY models particularly at high tan g.

* Complementary to direct searches
by ATLAS and CMS

MSSM-SU(5)

1

0.5 1.0

May 21, 2012 Computing in High Energy Physics 2012, New York

' —
D. Straub [arXiv:|107.0266]




First observation of BT — 7yt~ LHCb-CONE-2012-006

@ This is the first observation of a b — d#€¢ transition
@ LHCb(1.0 1Y) : BY - wtutu— : 25.3*° ', signal events
@ 5.20 excess above background

J. Incandela CERN/UCSB

@ The measurement is consistent with the SM prediction

T o L ad g T v ¥ v v T v v v v T L - o v

20
18 LHCDb
16 Preliminary
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Events / ( 20 MeV /¢?)

10
.
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6 o\ "
& * rI . (|
- L4 .
L el it
e ee s ¢ .
05000 5500 6000 6500 7000
M...(MeV/c)

@ B(BT - wuTu) = (2.4 £ 0.6(stat) + 0.2(syst)) x 102 [preliminary]
@ The rarest B decay ever observed

HA 19
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LHCD Integrated Luminosity at 4 TeV in 2012
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S/B, increased yield (amount under study)
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LHCD Integrated Luminosity at 4 TeV in 2012
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ALICE

\vABRIG™

* Probing the the early state of the
Universe: Quark Gluon Plasma

° Elliptic Flow

° Hadron suppression

* Dijssolved/Recombined Charmonium
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plane
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2 = 30-50% centr cl o
0.5|— —=— charged particle, SP :

o~
>t ALICE preliminary
So3|- Pb-Pb |5 = 2.76 TeV I
= I Centrality 20-40%
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QGP explosive expansion generates
u,d,s mass ordering of elliptic flow

—a— D° EP mass fits in 2 Ao bins
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Charm flows as well:

c quark thermalization in QGP
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ALICE Selected PbPb results: Nucl. Mod. Factor RAA

/"’
§ 3 2’7 r—r ' LB S S | T T T
§ T 48F PD-PD \ 8,,~2.76 TeV a D'R, 020%CC —
= = DR, 0-20% CC .

EIJ..:I 1.8 ] e D"R,, 020%CC o
K] 1.4 [_‘ ALICE Preliminary =" R, 0-20% CC ___:
é 1.2 =
£ e T e =
= ngb Q% D _—

g E
2 C i | SEET—— PR—— PE—— Ui ¢ imi
g 00 —— 2 - — 3 VU 't 8 8 j0 i3 ia 3 mé 1] m ALICE (Pb-Pb ys,,, = 2.76 TeV). 2.5<y<4, p >0 (preliminary)
~ P, [GeV/c] = L a PHENIX (Au-Au {50 = 02 TeV), 1.2<]y|<2.2, p_>0 (arXiv:1103.6269)
g QGP tomography with high p; partons: a1y
5 E_9>E __49>E Q7 o8-l [l ap
% loss loss loss - i “hg'#‘ v Bl .
s 0.4 T oHg % » :
I - -
= . . r % { t )
s ¢ pQCD dictates that gluons will lose 02 RHIC e
s more energy than quarks in the QGP 0550 100 150 200 250 300 3% 4;130
N * For heavy quarks, there’s an additional et
S kinematic factor (dead cone effect), * Interaction of Quarkonia with QGP
5 which suppresses gluon emission « J/V¥ less supressed in denser QGP

PR e Recombination? "



Plekisk

B ALICE: Goals for 2012

= pp @ 8TeV 5 pb*baseline MB sample at new /s
= High multiplicity trigger: Charm in high multiplicity events
= Jets (EMCAL) and photons (EMCAL/PHQS)
= Electrons: High p; withTRD, HF@high p, electrons for
guarkonia
= pPb/Pbp @ 4 TeV 30nb?
= Separation of initial and final state effects in PbPb

J. Incandela CERN/UCSB

= Measurements: parton saturation & shadowing

* Heavy flavor, Quarkonia, Jet rates, Direct photons, Dell-Yan cross
sections

May 21, 2012 Computing in High Energy Physics 2012, New York
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!q Re-disc

overy of the Standard Model

IR s, @
‘Yk;)"

§ E p,o ¢ JN ~
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S I ) z
~1960 1974 1978

CMS Preliminary

Ns=7TeV, L =40 pb’ 1983
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1 10 ,10°
u*u- mass (GeV/c?)

40 Eb'1 collected in 2010
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Candidates / 0.025 GeV

CMS, 4.9 fb™ \s =7 TeV CMS, 4.9 fb™ s =7 TeV
ST T T T T ] %57%“‘\“‘ T T ]
i Barrel | o Endcap |
I ] o ]
4 —— B2 signal window]| S 40 —— B signal window|
i bt B signal window - - i ot BC signal window -
I ] o | ]
3 5 - S 3 N -
Jexpected - = B, expected -
1.0 + 0.4 i & |1.0%0.4 ™
i B, expectedi | O i B, expectedm |
2 ] Bt 0.7 | 21" ] 5+ 0.6 IR
i T —: " — :
wﬂ LT H ] [ H e ‘ H H ]
i I 1 1 1 ‘ 1 1 1 | ‘ 1 1 1 I 1 i 7\ 1 1 ‘ ‘ 1 1 1 1 1 1 1 i
5 52 54 5.6 5.8 5 52 54 5.6 5.8
m,, [GeV m,, [GeV
BPH-11-020 i [GoV] o [GEV]
CDF CMS Atlas LHCb
Luminosity (fb") 10 49 2.4 1.1
Br(B,;— p*p) 95% CL (x10%) 4.6 1.8 1.03
Br(B, — p*p-) 95% CL (x10°%) 31 7.7 22 4.5

Bys = uu

From 1.5B
events on tape

SM

0.10 = 0.01
3.2+0.2
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pruy Candidates / (25 MeV)
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[x,(3P)] =10.530 £ 0.005 (stat) £ 0.009 (syst) GeV

J5f New particles discovered at LHC: ATLAS

X, (3P) = Y(1s,2s) v

Observed bottomonium radiative decays in ATLAS, L = 4.4 {6

B ATLAS ]
- Y (4S)

[ Y (3S) |
L P——
[ World —|
L averages |
- ves) i ]
: .':‘: ST e— :
i ; Mas)s(g:rycenlre World 7|
[ averages —
B Yas) i
7 o ++ B
FJSo= 1 (0,1,2) j

Xo(NP) 2> Y(1s,28) y > pu y
Xp(1P) m= 9.9 GeV and X,(2P)
m= 10.2 GeV states clearly visible
New structure at 10.5 GeV > X, (3P)
Confirmed with Y(2s) data and with
un-converted photons
Significance > 6 o
As theoretically predicted
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New particles discovered at LHC: CMS
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Electroweak di-boson production
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Cross-check: 44660 events
After applying the calibration, we obtain a top quark mass from 44660 events of m; = 172.6 &
0.2 (stat) 1.8 (syst) GeV which confirms the result obtained in the main analysis.
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: —NLO QCD (pp) ¥ Single-lepton 179+ 12 pb
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ATLAS-CONF-2012-024
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CMS Preliminary \'s=7 TeV
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TOP-11-024 (L=0.8-1.1/fb)
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[
CMS all-hadronic
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(—————

CMS dilepton (ut)
TOP-11-006 (L=1.1/fb)
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(val. £ stat. £ syst. £ lumi.)

[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
E==3 Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030

[ Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097
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SM Cross Section Measurements

Q
(%)

Sz — CMS
S 2100 ATLAS Preliminary | —= E— 5
B:_. g = 35pb” o = W 3
o 2 . -1 ! <z CMS 95%CL limit 7]
6 [ L dt=0.035-4.7 fb 105 7z “CL imi -
% 4 35 pb™! 5 S = | O CMS measurement (stat®syst) 3
j= 10" = \Ns=7TeV =) — 3211' : theory prediction .
g = < 10°E T =1 3 —
3 B Theory 2 = - : 3
3 . =2 - Wy : -
10° " Data 2010 @ 10°E =3] = | - =

o 2l = : : :
ol = S 10E! 53 ?2411 o WZ =
10° 10" z st E : —0 - =
E k- o — l T l H T
= 0.7 fb" = 10 : - Hazn
B 47 o S = - : , ~ZZ |
3 _g - E{ >30 GeV . Er>10GeV | : § : L
10= 101" : 09_ 1 In1<24 | ARG >07 | e ]
= 471" = ; : ; f ; f ; =

- -1 l 36 pb” . 36 pb’ l 1.1 fb” 4.7 b7
10 ‘ ‘ : =

w Z tt t WWwW Wz 4 o I\;IJ;IPE;’PA;?(Ez\?V1r(1—)11l)3—E12 PLB701(2011)535 CMS-PAS-EWK-11-010  CMS-PAS-HIG-11-025

» As [Ldt grows and more rare proceses become accessible
= use them to confirm our understanding of the SM

= to validate detector/physics simulation, objects reconstruction, event
selections and analysis techniques

May 21, 2012 Computing in High Energy Physics 2012, New York

mm[b] See K. Black’s talk
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» As [Ldt grows and more rare proceses become accessible
= yse them to confirm our understanding of the SM

= to validate detector/physics simulation, objects reconstruction, event
selections and analysis techniques

See K. Black’s talk
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H—y

* The challenges

= Very large backgrounds

uuuuuuuuu 191426, Event Number: 86654500 * Two real and/or fake Y
Date: 2011-10-22 15:30:29 UTC

‘ » | ook for small excess at
one mass from H — vy

* Need excellent y energy
resolution
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~ ATLAS: H—vyy

. —

%  Fit observed yy mass distribution with signal + background model:
2 .
z - Exponential spectrum for background;
O . . o
o - Crystal-ball function to describe the signal
is]
§ E 9005' T ISellelcte'd <;ipfl10tlon'se;mrlnle' T 'E a° grrrrrorrrrere T e T e T T T T T T H
I PR =Y e  Data2011 = e 10 L-—— Observed p_ Data 2011,\s=7TeV  _|
§ 700 Background model _f 8 E E
[iT] FING , = memeeeee SM Higgs boson mH=12O GeV (MC) - — AT SMH ted .
600 — i L Y erpected By J.Ldt =49f"
500 \s=7 TeV,I Ldt=49f" — = \/ ~ 5
= + = —J..q_._._._.,-.-.-.-.-.-.-.-.- T T Ty TPy T LorLors T
400~ + = 107 L L L L e <
300~ = 2L WY S B
200 = 102 ATLAS _
1005~ ATLAS = s :
o E ' e 1 : . 10T T e E
& 505 st . C ..v.o-... Observed p, (with energy scale uncertainty) =
ol 0 = I N T T e
S = 1099048 120 125 130 135 140 145 150

19998 130 140 150 160 my, [GeV]
m,, [GeV]
/Observed exclusion:
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! 113-115 GeV Excess at 126.5 GeV with a significance of
134.5-136 GeV 280 Zusst
1.50 —global (110-150 GeV)
Phys. Rev. Lett. 108, 111803 (2012)
HEA 44
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CMS Update 2: H —yy with MVA

S A | e I ' N e N aF o . g A A Y12 &' ! A A

N 24? imi L imi Data T
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8 12 8 = (Categorize on MVA output
! 10 g
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E 401 . . . .
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—
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o
e
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€

o~

S

§ :

S 100 3001
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S 50 g

T 100

i T T e = Second best class (class 1)

2 foo ~ 720 740 160 180 foo 720 140 160 180 : .
2 m,, (GeV/c?) m,, (GeV/c) = Predominantly unconvertedy's
S Dijet

N

S 0 1 2 3 tag

~  [SMsignal expected | 3.4 (44%) | 19.3 (25.0%) | 18.7 (24.2%) | 33.0 (42.8%) | 2.8 (3.6%) of +10 GeV, ce

S | Data (events/GeV) | 45(1.2%) | 55.1(14.8%) | 81.3 (21.8%) | 229.1 (61.6%) | 2.1 (0.6%) -
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f gxpenment at LHC, CERN
1 ata recorded: Mon Sep 26 20:18:07 2011 CEST
5ungvent 177201 / 625786854

 Lumi section: 450 See talks by R.Yoshida, W. Quayle
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Events / (1 GeV/c®)
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B A ) == P s ' N e N aF o

= MVA's forvertex ID, yand yy ID
= VBF again split off separately

Dominates in vicinity of 124-125 GeV

/

L Y Y B B |

CMS Update 2: H — vy using MVA
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\s=7TeV L=4.7 b

:>&.
tcZ4ind "

mu =200 GeV
— mu=350 GeV
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Events/10 Ge
N

—_ -
o

Muon 3, pt: 58.4 GeV

I "ﬂdh

I Il
400 500 600
mae [GeV]

H—ZZ — 4e, 4u, 2e2u
Phys. Rev. Lett. 108 (2012) 111804

Muon 1, pt: 5.4 GeV

Muon 0, pt: 5.7 GeV

Muon 2, pt: 34.6 GeV




ATLAS: H—=ZZ—4l— 4e, 4, 2e21
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Events /10 GeV

Events / 10 GeV
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- ATLAS Preliminary
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ATLAS: H>WW—lvlv

P A A

Fit the transverse mass distribution
to improve the sensitivity

ATLAS-CONF-2012-012

102 = T T T T T T T T T T T T T T T T
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Observed Exclusion: 130-260 GeV
(expected: 127-234 GeV)
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: o AN B8 xpected (68%) | O W |
© i 1 - - N . Expected (95%) |
o c - L=46-480" |- Expected (95%) 0 i i
?; o - - - === H|G-11 Observed
g L — - E N e HIG-11 Expected
- E =
- 0
$ < X
: N iy
. O ®
E’ 101_1lIllIIllIllllllllllllllllllllllIIIIIIF o b b b b by by
£ 100 - 200 300 400 500 110 115 120 125 130 135 140 145
S Higgs boson mass (GeV) Higgs boson mass (GeV)
§
S Expected exclusion 114.5 - 543 GeV
g Observed exclusion 127.5 - 600 GeV
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CMS Combination: p-vals, SM consistency
v \‘(&KJ SN AI™S 77/ /NN I IOV 0T ACYNI™DS 1 A kY kY af el |
% m 1 LB l LB l LI l LB I LB I LI I LI 5 2_5- """" : '_' LR I LI I LI I LI I LI I_
Q - | n [ CMS Preliminary " §
S E 0 8 ,of VE=7Tev Bl 6% CL band | -
; & 107 | S o SVl L=4648M" E
£ = ETte 20— C .
S 2l B 15F .
= o 10°E 8 C u
; - : 3 o m
3 - r . / 30 1 0- .
. 10°g : :
% E lobal significance —— Combined obs. 0.5 n -
< 10™ E 0-8q/for 110-600 GeV rg#ige | ---. Exp. for SM Higgs N
g E  2.1¢ for 110-145 GeV fange Comb. ensemble |34 0.0E
5 N ~——H-bb (4717 L N
2 I : — Hott (46 = 3
g 10°F QMS Prelimindfy _ My @AY o5k E
3 NS = — Ho WW (4.6 ) r .
E & =4. — HZZ (4.7 1) :
_g) 10 1l O T O | I | T T N N T T T N T I Y I T I _1 L1l I L1 1 l L1l 1 1 l L 11 l L1 11 l L1 1 l L1l
I 110 1 120 125 130 135 140 145 '910 115 120 125 130 135 140 145
E Higgs boson mass (GeV) Higgs boson mass (GeV)
. /.
N Local p-value 2.80
S o Global p value 0.80 (110-600 GeV)
g ' Global p-value 2.10 (110-145 GeV)
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Exclusion info

95% CL: 110-117.5, 118.5-122.5, 129-539 Obs)
95

95% CL Limit on /o,

% CL: 120-555 GeV (Exp)

—_
o

T T TTTT

— Obs.
---- Exp.
+1oc
[ ]+2c

T

\s=7TeV

—

T Illllll

T

10—
C ICLs Limlits

ATLAS Preliminary 2011 Data.

I Ldt = 4.6-4.9 fb"

IIIIIII| | L1 111117

1

Illll

1 Lo11 PR S AN SN ST SN SN N TR ST SN SN NN SO
100 200 300 400 500

P
600
my, [GeV]

Excluded at 99% CL.:
1yy4SGGeV(ObQ

95% CL Limit on c/cSM

-
o

ATLAS Exclusion

\N 71 7™ P™\/ i Ve
- ATLAS Preliminary 2011 Data
. — Obs. 14—
- ----Exp. Ldt=4.6-49fb 7
- E+1o ]
- [J+2¢ \s=7TeV -

T
|

1 Illllll

|

CLs lelts

110 115 120 125 130 135 140 145 150
my, [GeV]

Not excluded:
117.5-118.5, 122.5-129,>539 GeV
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ATLAS 'Signal’ Strength

o S 4 ATLAS Prdiminary | Royy T
3 i ] ! S - Best fit L E
§ The combined signal rate is 3OS mm-2inag <1 Jrat=aom E
x . . > 2 Vs =7 TeV =
8 consistent with the Standard Za E
g Model expectation of a 126 oF E
£ GeV Higgs boson. e =
] - .

2 E
5 S, 6F TATLAS Fidimminary | PRSI AARRE
$ = AT A Praliminary 0 T oAt Data 5 SF — Best fit J.Ldt=47-49fb'1 E
N o 2.5~ ATLAS Preliminary 2011 Data =  aF -2 InA(u) < 1 o =
g c ~ . = E Vs =7 TeV =
N 9 2__ —— Best fit I Ldt = 4.6-4.9 fb'1 7 c/g; 35— =
8§ 2 = 4.6-4. . - -
S 2 TF [-2hnaw<1 - of E
2 c 1.5 \s=7TeV = N Y N E
2 |2 E ] g e
x S | — O e s—
S - = == =
g 0.5( E 5 4 ATLAS Prdiminary | HOWW S 3
> 0:_ = g 3 ——BestTit f Ldt = 4.7 fb™ E
]:: E E % 25_ CJ-2InA(w) < 1 . —E
E -0.5F - t= P — eIy L E
S — ] - — 3
£ A = °E T A E
o - - -1 —
é -1 .STI 1 I 11 1 1 [ 11 1 1 I 11 1 1 I 11 1 1 | 11 1 1 I L1 1 1 I L1 1 1 I L1 1 1 l 1 IE _2§ E
< 110 115 120 125 130 135 140 145 150 -3 =
g my, [GeV] -4 E
3 A -

110 115 120 125 130 135 140 145 150
my, [GeV]
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of Overview of the 125 GeV region
= Results are not so consistent
= Tevatron

J. Incandela CERN/UCSB

* bb: CDF ves, D& no
* WW: CDF no, DY
= LHC
* gg— H — yy: CMS not much, ATLAS
* VW—H —= vy + 2 jets: CMS yes, ATLAS not much
= ZZ%): ATLASYES, CMS
= WW): ATLAS no, CMS a bit

= Or perhaps this is how the Higgs discovery begins

May 21, 2012 Computing in High Energy Physics 2012, New York

= First sightings are lucky upward fluctuations...
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» Obviously we need (a lot) more data
= We're sitting in a very vulnerable position

» Coincidental small excesses at 125 GeV ...
= We tend to believe something is there because we expect it to be

there (given that it's not anywhere else).

=

N

3

=

g E IIIIIIIIIIIIIIIIIII Illlll lllllllllllllll
c\. o | ATLAS Prellmlnary ' 2011 Data 1
§ % oL —obs.

g 5 10 —Exp. JLdt=4.6-4.9 i’ 3
> = - Eti1o ]
T =5 - [J+2c6 \s =7 TeV -
o o F 1
S O _ i
T 2

S Yol

2 > e E
3 C ]
g C ]
Q - -
o i i
N

S - i
- 1 CLs lelts

S -

§ 10 110 115 120 125 130 135 140 145 150

m,, [GeV]

95% CL limit on o/cg,

10t CMS Preliminary '~ | [—=—Observed |-
- \s=7TeV B Expected (68%)|]
. L=46-48f" |- Expected (95%)|

1
-1 —
10 '-llllllllllllllllllllllllllllllllll_

110 115 120 125 130 135 140 14

Higgs boson mass (GeV) .
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- = Hopefully we'll also see something in other searches
'g

o) [ [ [ [

: = Uptonow, it has been surprisingly quiet...

3

P4

% _ - — o .‘CMSpreIiminary ee(47tb )+MM(49fb)

g % V\ ATLAS Preliming -+ Expected limit 10 B\ o ‘ R sanannms &?;l:nexpeegtedg
T o 15 \ \$= Jl Expected + 1o — m»e:xed 1
§ - Expactsd = 2c ,;'aw i
I:IZI 10" ,E_ corvad limi

2 WA E
3 i o ]
O 3 )

g 0 Fo JLdt aeib’

§ upJLm 5.0fh"

> 107 L
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MyopVS. My,

0 Tevatron My Tours de Force!!

" my= 80385 + 15 MeV (World Ave —
Mar 2012)

= Shifts for SM Higgs expectation

2. Colliders leave little space
6 van:hzojz'. mum=15;2G?V
—002750-*'000033
----0.02749+0.00010

L 4 -+ incl. low Q* data

/¢ Combined precision
EIectroweak data

" [Lep
excluded

40

LHC
excluded

200

(GeV)

80.45

80.4

O LEPEWWG (2011) 68% CL (excluding Mw, mm&direct Higgs exclusion)

68% CL (by area) M,, (2009), m

@ 66% CL (by area) M, (2012),m \,ﬂ@
L

80.35
803 ¥ &
Coalv v 1w by a s by o o Do w by o Ly oo s by oy
155 160 165 170 175 180 185 190 195
My (Ge)
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J. Incandela CERN/UCSB

Entries / 100 GeV

May 21, 2012 Computing in High Energy Physics 2012, New York
DATA/ SM

Re-optimized/updated for full 2011 Luminosity

O-lepton + 2-6 jets + high MET
0-lepton + 6-9 (multi-)jets + MET
1-lepton + 3,4 jets + high MET H;and m|ssmg H-

_ Example: O-leptons + 2-6 Jets " oMs preliminary | '.D;ta' Wl Zvieiets 1
- J;L G a7t . 4.981b7, Vs =7 TeV —LM5 Wt +X
4L ta 2011 7TeV) Bl W/tise/uX
107 = SuTewm LT SUS-12-011 moco
= [Jtt and single top ] A
B Bl 7 +jets 7
10% [ W+jets =
= I Diboson =
B [ multijet ]
----- SM+SU(500,570,0,10)
1025_ """""""""" SM+SU(2500,270,0,10) F 5 » 5 ;;;;;//;;;;; el T ]
- ATLAS Prefiminary 3| & Mw»%% Lo »-ymw%%»% ;;;-----i
10 & — % 1000 1560 2300 400 6(I)O . /880 -
10 H, [GeV] A, [GeV]
Te E
T e 1 .1, Many all hadronic searches
ATLAS-CONF-2012-033, 037, and 041 - e with and without b-tags
1 5 .................................................................................................. i
1E------ 090000905 - -¢.*' ................................... :
O_SE ..................................................... e2S M6 25 & | Also searches completed with
0 500 1000 1500 2000 2500 3000
m,4(incl.) [GeV] 1, 2, 23 leptons
Signal region 1and 2 photons
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o~ B SUSY getting squeezed

CMS Preliminary V=7 TeV f Ldt=441
5 o 1000 R PR e T e o _
S & | 1 = Simple SUSY models are
= @ 900 ,_'_ :
é o 800 Razor Inclusive —] Under pressure
3 EP Hybrid CLs 95% C L. Limits R S MSUGRA: tanB_lo A =0. U>0
§ Y Median Expected Limit ™ -9 ) =10, A,=0, U
S 600 .., Expected Limit =10 = = Limits ~ 1400 GeV for squarks and
....... w— Observed Limit - .
500 ."~.'.".. ------- Observed = 1 o (theory)  — glUInOS
a0F N, 4 /= ButSUSY is not dead
300 T = A Higgs discovery will mark the
200 @é‘ﬂ“"’éfe true start of the hierarchy problem
10075500 1000 1500 2000 2500 3000 A 157430 GeV Higgs is “tailor
m, [GeV] made” for SUSY

= "“Natural” SUSY models are
still plentiful

= More complicated (and interesting)
= More difficult searches for which it is
hard to even get the data on tape!

May 21, 2012 Computing in High Energy Physics 2012, New York
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SUSY getting squeezed

Vs = 7 TeV fl.m =441
L L I L] Ll Ll L l Ll L 1 4 L]

Q PR R = .

E 1 = Simple SUSY models are

xx o _:.

RizEETicnive 4 | under pressure

g Hybrid CLs 95% C L. Limits ] ] _ _

§ Median Expected Limit - &g mMSUGRA: tanB_lol Ao_ol u>0

A MSUGRA/CMSSM: tanf = 10,A =0,u>0 L™ =47 fb" = - L“T_"ts ~ 1400 GeV for squarks and
;‘ T T T | T T 17T [\I T T T | I\‘I mT | T 17T | T 17T | T T | |: ,) —: glUInOS

_ &700 - ATLAS In progress | | CL, 95% C.L. limits . - .

$S AN 7 odepon=2ejers —obsened 1y (@ Byt SUSY is not dead

% E‘— 4 \-‘-\‘\ .\\ ATLAS-CONF-2012-XXX Expected : E ] . . .

S B00FTN Nt 4 |Odlepon =69 jets — Observed 7 e = A Higgs discovery will mark the

3 B \ © : CONF2012YYY —_- Expected | B d _

S N | 1epton, = 3,4 jets — Observed | fc@ true start of the hierarchy problem

L 500 —\ \L\ ATLAS-CONF-2012-22Z - Expected — . . -

g - | m ey : , A 115-130 GeV Higgs is “tailor

> - [ ] StaulLSP 7] 3000 "

S 400 - | MEME Theoretically excluded | GeV] made” for SUSY

0 o e e T

: F EN | = “Natural” SUSY models are

S 300 ' : -

£ E still plentiful

£ n : : :

S 200 = More complicated (and interesting)

S - | o = More difficult searches for which it is

‘(:; 1 1 11 I T | I | I | I T I | |

© %7 500 1000 1500 2000 2500 3000 3500 hard to even get the data on tape!

=

m, [GeV]
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Inclusive searches

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: March 2012)

T T TTTT

T T T T T 17171 T T 11
MSUGRA/CMSSM : O-lep +j's + E; ... g=gmass I
MSUGRA/CMSSM : 1-lep +j's + E; ...
MSUGRA/CMSSM : multijets + E; ...
Pheno model : O-lep + j's + E ...

Pheno model : O-lep + j's + E; ...

J.Ldt =(0.03-4.7) o™

gmass (large my) fs =7 TeV

gmass (m(@<2TeV.light7))  ATLAS
g mass (m(a) <2TeV, light 7,) Preliminary

=g mass

g mass (m(x ) <200 GeV, m(%") —-(m(Z°)+m(§))
g mass (tanf < 35)

g mass (tanf$ > 20) Similar tables

g mass (tanf > 20)
g mass (m(i‘:) > 50 GeV) for CMS

gmass (m(yz°) < 300 GeV)
g mass (m(x ) < 150 GeV)

g mass (m(x ) <210 GeV)

g mass (m(x ) <200 GeV)
b mass (m(x ) <60 GeV)

tTmass (115 <m(x ) <230 GeV)

%, mass ((m(X;) < 40 GeV, 1, m(X,) = m(X,), m(1¥) =2m(x;) + m(Z,)

Gluino med. ¥ (§— qGi ) : 1-lep +j's + E s
GMSB : 2-lep OSSF + Er s
GMSB : 1-t +j's + E - mise

GMSB : 2-t +j's+E

T miss

Gluino med. b (§—bbi_) : 0-lep + b-j's + E; ...
Gluino med. t (g—)ttx y:1-lep + b-j's + E; e
Gluino med.t (g—>ttx ): 2 Iep (SS) +j's + Er s
Gluino med. t (g—)ttx )} multif's + E; Lo

Direct bb (b —> bfx }:2b-jets + E; ..
Direct tt (GMSB) Z(—)II) + b-jet + E —

Direct gauglno (x xz — 3I x, ) 2 Iep SS + E; s
x mass (m(x ) < 170 GeV, and as above)
5{: mass (1 <1(x1) < 2 ns, 90 GeV limit in [0.2,90] ns)
g mass

AMSB Iong -lived x
Stable massive particles (SMP) : R- hadrons
SMP : R-hadrons
SMP : R-hadrons
SMP : R-hadrons (Pixel det. only)
GMSB : stable T

b mass

tmass
g mass

RPV : high-mass ep
Bilinear RPV : 1-lep +j's + E; ...
MSUGRA/CMSSM - BC1 RPV : 4-lepton + E, ...

¥, mass (4},,=0.10, 1,,,=0.05)
q=gmass (¢t gp < 15 mm)
g mass

sgluon mass (excl: m, < 100 GeV, my,= 140 3 GeV)
] I N I I 1 Lol ] I I

10 1 10
64 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown






New particles decaying intoyy

% Search for extra dimension signals: 3 8 .

% Kaluza-Klein Gravitons in Randall- G G

8 Sundrum and Arkani-Hamed,

© . . T

¢ Dimopoulos and Dvali models g v._.9 ¥

©

S

° c | ey _'I"'I"'I"I"'l"'l"'l"'l'Ex"l'd’l'l'_
£ 3 ' ' T T T ' ' ' = B ATLAS --- Expected limit -
; 10 ATLAS det 212" E 1= \s=7TeV I Expected + 10__

x T a2 ( ; - B Expected + 26 3

s g10 No=TTeY T f — Observed limit

§ w B o | kM, =01

o~ 0 10 k/MPl=O'05 -

N -+~ Data ) a E |, =0.03 3

§ 1 " Reducible background el = - =001 A

57,; y [] Total background [g . -

x 10 syst @ stat (reducible) " 102 -

N .. = =

S B I syst @ stat (total) . " - . -

8 10 RS, kiNig=0.1, m_ = 1.25 TeV . - W:de“mm

5 10 |_|ADD, GRW, m_=2.0TeV 3_ ee:_[Ldt=1.08fb"

T 107

iS - pp:JLdt=1.21 b

.g’ 8 I-l I Ll L l Ll L l Ll 1 l L.l I L L L l Ll L l Ll l Ll I Ll l 1

§ § 02 04 06 08 1 12 14 16 18 2

£ £ m, [TeV]

© 2

[N ()]

S

N Accepted by Phys. Lett. B

g arXiv:1112.2194v1[hep-ex]
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CMS Se

S A N

)Q)
X
0
-
)
I
W,
)Q)
X
)Q)
vt
(D
I

a u T T LT AL q
n m 1 1 1 I e L (a :  Spin Independent _
3 Pair-produced DM particles via monojets & Sl @ s owecr) - - coms 2011 ]
S c = : —-.CDF -:= CDMS 112010
nE: monophotons (|SR) -% - e XENON100 CoGeNT 2011 —
W . . . . D 10737 |- _- -
© = Look for “nothing” plus a single radiated photon or jet A R L ’__/-/:
© . . . . . D — i
g = Probing the same effective operators as in direct detection S10%F =
2 - —
= = High sensitivity to spin-dependent couplings S 1941l ]
- (] 10 B :: ‘—'y I
= Extends direct detection below 5 GeV ; ol e E
10 — 1 w, e, e
. - .o L 5.0 fb @t 1
« Interpret also in ADD LED, set limits on Planck Scale vs. EDs - OMS, NS = 7 TV -
O 10‘45 l 1 1 1 11 llll 1 1 1 11 1 lll 1 1 1 11 llll
< 1 10 102 10°
g M, [GeV]
o a~_ _DM I———————.
S N —
P )< , CMS Preliminary Vs =7Tev = § ® CMS, Ns=7TeV 4
§ q DI\I %10 ?— T I T T T T l |1| T ].Il 'ISIVII +IAID6 (IIWXIP:I‘I +e\ll, rll=l3_E g 10-35 — 50 fb —
= e C| Ldt=4.7 fb e DATA ] = — |
< [ Tl B ol unceramy kg || 10 N
% / qc) 1 = m;:vphoton (MJ) _: é 103 :: _______ —— ::
5 @ e - " .
I ............... ] S 41| —
= - y S 1041} .
5) 10 E 3 ) |_ Spin Dependent B
£ B ] = | 43| —=— CMS (90%CL) -~ COUPP 2011 N
a o e 7 L 107°F —_cor IceCube (xx—~W*W) iy
g 10 E = E — . SIMPLE 2010 === Super-K I+lI+lll (xx—W*W") -
3 - s — 10748 L
“‘ 3 1 10 10 10
S 10 = M, [GeV]
o EXO-11-096 (o |
EXO-11-059 200 300 400 500 600 700

E; [GeV]
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= 4 " e Data2011 Ns=7 TeV)
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o 10° J.L dt=1.04 fo'  EHE W+jets & ti
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J. Incandela CERN/UCSB

N
T |

~ =

s PN

2 S ATLAS-CONF-2011-147
3 i , | . . r
< 0—50600 1500 2000 2500 3000 3500

N
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0 T
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% E —

2 g F CMS Vs =7 TeV, 4.7 fb”’ b)

C; 1 oszg Multiplicity, N = 3

% 2 E ® Observed - Photon+Jets

& »10° E —— Background — X\k/)-;\lj'ets

> ) Uncertainty Z+Jets

.. > i

T Mot Mp=15TeV,M"=45TeV,n=6

-‘i g ~Mp =2.0TeV, MI"" =40 TeV, n =4

S 10 e Mg, =2.5TeV, MI"=3.5TeV, n=2
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Decay into all objects democratically
weighted by degrees of freedom

2Pt : scalar sum of the E; of
the N objects in the event

Examples: (ATLAS) at least one
electron or muon and two or
more jets, (CMS) any three objects

May 21, 2012 Computing in High Energy Physics 2012, New York

Microscopic Black Holes

% " e Data2011 Ns=7 TeV)
S Total Bkg ]
o 10° J.L dt=1.04 fo' B Wjets & tt —
S C—JQcD E
L(\I\D R Zjets .
¢ 102 =il .
- E
10 -
! =
107" -
= 2 ]
% [ ATLAS-CONF-2011-147
a

r

0—=0660 9500 2000 2500 3000 3500

Z p [GeV]
T
CMS Vs =7 TeV, 4.7 fb" b)
Multiplicity, N = 3
® Observed Photon+Jets

—— Background =:/t\t/)-;\l{ets

Uncertainty Z+Jets

. MI"=45TeV, n=6
,MIN"=4.0 TeV, n =4
MM =35TeV, n=2

Sub. to JHEP.
arXiv:1202.6396v1[hep-ex]
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Microscopic Black Holes

J. Incandela CERN/UCSB

P 4 T T T T T e T Data 2011 (Ns=7 TeV)
(O] Total Bkg —
o 10° J.L dt = 1.04 fo' [ W+ijets & it =
< [ Qcb E
N B Zjets 3
2 ]
[

434 =
= =
LLI 3

Orbit/Crossing: 73256853 / 3161

A candidate event in CMS with
9 jets and S; = 2.6 TeV

MM =35TeV, n=2

arXiv:1202.6396v1[hep-ex]

Sub. to JHEP.
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CMS Searches 2011

95%6CL ExdusionLimits Ms, vy, HLZ, nED =2
Ms, Il, HLZ, nED =2
Ms, vy, HLZ, nED =6

Ms, I, HLZ, nED =6

Z' SSM Il

Z’VY I

Z’, ttbar, hadronic, width=3%
Z’, ttbar, lep+jet, width=3% MD, monojet, nED = 3
GKK ]et+MET k/M = 0.2 MD, moanet, nED =6

GKK jet+MET k/M = 0.3 S Heavy MD, mono-y, nED = 3
==.
:__.
2
=’

J. Incandela

GKK yy k/M = 0.1 MD, mono-y, nED =6

GKK Il k/M = 0.05

GKK vy k/M = 0.05
W’ lv, constructive inter. LQ1, B=0.5
W’ lv, destructive inter. ) | There's a similar LQ1, B=1.0
W =095 TV |’ table for ATLAS LQ2, B=0.5

W’ dijet

WR, MNR < 1.0 TeV
W — WZ

pTC, nTC > 700 GeV

LQ2, B=1.0
LQ3, B=1.0

[ | |

3 4 5 6 MBH, rotating, MD=3TeV, nED=2
MBH, non-rot, MD=3TeV, nED=2
Quantum BH, MD=3TeV, nED=2

String Ball, MD=2.1, Ms=1.7, gs=0.4

=’
E’
=
0 1 2
Mb’, b’ = tW, |+jets .
Mt t' = tZ (100%)
Mt’, t' = bW (100%), I+jets String Resonances
Mt’, t' = bW (100%), I+ E6 diquarks
0 1 2
0 1 2

Axigluon/Coloron

3 4 S 6 q° . dijet Compositeness
gluino, HSCP, gluonball=0.5 g, dijet pair and Contact
gluino, Stopped Gluino [=Te N q*, boosted Z Interactions

stop, HSCP Long-Lived
stop, Stopped Gluino
stau, HSCP, GMSB

hyper-K, hyper-p=1.2 TeV

e*", A =2TeV (2010)
p*, A =2TeV (2010)
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C.I. A, X analysis, A- LL/RR
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ATLAS: Pb-Pb elliptic flow
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CMS: PbPbW Production

= Consistent with the SM

Taking into account
nucleon content of colliding |
nuclei

HIN-11-008 |

CMS Preliminary
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A big year for the LHC (and
HEP in general)
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Significance

What can we expectin 2

A A 1IN Mm 7~/ ) A AN /™ F AV 4

25
- = 7 TeV significance
: CMS Preliminary _ " "
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= 8 TeV significance
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65—
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00 110 120 130 140 150 160 170 180 190 200
Higgs Mass (GeV/c?)

We should be able to find the SM Higgs or kill it...
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CMS HLT Runs 190659, 190688
[rrerprerrprr e p e e e e e et e e et et

160 :. .................... .................... .................... .................... .................... .................... ........... —
. |~w— offline (1 proc.) ]

140 _ ......... —e— online (7 proc.) : : : : :
— pol1 : :
120 _. ......... —polz ....................

—— expo

Peak rate: ~500 Hz @ 5x1033cms?
Average : ~385 Hz

J. Incandela CERN/UCSB

time/event [msec]
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3 3.5 4 4.5 5 55 6 6.5 7 )
Effective L, x 1€33 cm’ s’

~100 ms per event near is our old limit. .
Upgraded HLT farm in early May as

have other experiments.

Limit now around 170-180 ms

May 21, 2012 Computing in High Energy Physics 2012 , New York



Pileup Studies for Physics

» CMS Studied <PU> ~25

= No optimizations as of yet. Just re-run 2011 analyses

= Impact on low mass Higgs
= H — yy sees about 15% equivalent lumi loss
= Worse (much) for H —= tt, WW

= No significant impact on precision top physics
= No significant impact on B, — uu

Pileup independence: B* — J/) Kjt

e Measure efficiency of all selection criteria in data vs Npy
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High-PU Effect ony Isolation

= Photon isolation efficiency (5% relative isolation cut)

= No effect on track isolation (same 5% relative isolation cut)
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LHC

Computing
challenges
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= Tevatron a few years into
Run2 vs LHC on year 3

Tevatron, LHC
ATLAS 500 Hz
Trigger 50Hz CMS 4o0 Hz
LHCb 2 kHz
: ATLAS 0.6 MB
RAW Size |150kB CMS 0.5 MB
: ATLAS 1.1 MB
RECO Size |150kB CMS 1 MB
RecoTime | =2 s oiles ~10 seconds
(CPU of day)

10000
S
° LHC
a
% 1000 = —
1995: top Tevatron
g FES B G s
1983: W, Z © HERA
§ 100 [— m - OO LEP1 (cern) 1989: 3tamilies —
= o
° ©° PETRA 1978: GLUON
o)
10 |- (4] o) &
[ ©00 SPEAR
e} (Stanford)
% 1974:00y
1975: ¢
8 [ I
o % coLLpeErs
© o COLLIDERS
@ HADRON COLLIDERS
| | | | |
1960 1970 1980 1990 2000 2010 2020
Year of First Physics

Roughly a factor of 10 in
the relevant quantities
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Told slov ol the e

= Data accumulation,
detectors read out at peak rate up to

10's of TB/sec

= Selective triggers get this
down to 0.5 —1 GB/sec

* Larger eventsin ALICE
lead to even bigger

numbers

~
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= High profile analyses like H— yy require a precise
detector calibration

= [n 2011 every CMS event was reconstructed 3 times
on average (as planned)

= |n 2012 the events look more like this




» LHC experiments produce up to 3 times as many simulated
events as real data events

* This is higher than in previous hadron colliders

MC in 2011/2012: Number of Events per Month

7.000,000,000
B AODSIM Number of Events, total ~13.60 B
6.125.000.000 B GEN-SIM-RECO Number of Events, total ~10.80 B
GEN-RAW Number of Events, total ~3.61 B
B GEN-SIM Number of Events, total ~5.85 B
5,250,000,000 B GEN Number of Events, total ~10.98 B
4,375,000,000
3,500,000,000
2,625,000,000 I
1,750,000,000 I
875,000,000

0

January 2011
February 2011
March 2011
April 2011

May 2011

June 2011

July 2011
August 2011
September 2011
October 2011
November 2011
December 2011
January 2012
February 2012
March 2012

— May 2Mgy201 20 CHERAG g in High Energy Physlosanti2[aNEERN(UCSB  J. Incandela CERN/UCSB
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* Must make a complicated distributed system accessible to a
lot of people — A global computing system at your fingertips

J. Incandela CERN/UCSB

- bsub

» Alot of things need to go right for this to work

CHOICE O] N [Arrival at ‘ o

3]:’.:")(3) \Nj:r"n SUCCG.SS. Batch far'm DJSCO\/ery C?Jrrl.ffl'?.]mca[e
Local the desired submission Find local andiepen jobistatusiand
Environment

Packaged

through site

grld mterface) User and VO

environment | flocalidatasiley jwrite results
PIEremotetier] |[semewnere

gaataies or

ICSOUICCS:

Authenticate

= Efficiency of completion, user experience, debugging and tracking
are still being improved

May 21, 2012 Computing in High Energy Physics 2012, New York



How do they (you know
who you are) do it?
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= Distributed computing
environments very early

= Grid concepts evolved and
matured at the same time

= Many concepts were
motivated by the desire to
make use of resources at the
home institutes
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Computing Architecture

Prompt Reconstruction
Storage
Commissioning

Re-Reconstruction/
Simulation
Archiving
Data Serving

Simulation and
User Analysis

Workflows were carried out at the expected location basically from
the first day. A major LHC success story.

Distributed Computing was commissioned with the detectors
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= Computing has grown exponentially in capacity

CMS CERN Resources

5011 CDF CAF Resources 2011
Disk 5000TB 500TB
Tape 21PB 6PB
CPU Cores 5500 ~1000 (?)

» The LHC experiments have 3-4 times more processing
capacity away from CERN than at CERN

= Tevatron had about 1 times

» Experiments have > 10x more capacity

=| Aptdl 18, 2002CoBbIBnFhysgtsEiéemkPhysics 2012, New York J. Incandlétaa@BIR NAFDSE SB



x, the upgrades are coming ...

» | HC Experiments are moving toward more and more data
collected each successive year

= Each run will have 3x the [Ldt of the previous run
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= With 3-year runs the 1%t year of every new run will approximately
match the discovery potential of the previously collected data

» Detectors are becoming more granular
= More channels and more precision

= More complexity
= Computing challenges get more interesting every year

= May 21, 2012 Computing in High Energy Physics 2012, New York
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Life will not be easier...
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= Lots of 2011 full dataset results and publications underway
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= |LHC experiments are gearing up for ICHEP and year end
» The SM Higgs story will likely be completed this year

= Searches for new physics continue to expand into more
difficult areas and have some new reach with v/s=8 TeV

= |t's amazing how well it all works, despite the immense
challenges!

= May 21, 2012 Computing in High Energy Physics 2012, New York



Conclusion
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» Computingis the final step inalong journey to
realizing the full physics potential of the LHC
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2012, New York

= Many many thanks to the LHC
computing and software groups

* None of this is possible without you!

= May 21, 2012 Computing in High Energy Physics
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http://aliweb.cern.ch/
http://atlas.ch/
http://cms.web.cern.ch/
http://lhcb.web.cern.ch/lhcb/
http://totem.web.cern.ch/Totem/




