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The Large Hadron Colllder is a dual synchrotron partlcle
accelerator ' '

o It is de81gned to achieve 14 TeV proton-proton colllslons at a_
. rate of one billion per second - ‘ ‘

) (US equlvalent) Cost $10 billion -

o Locatlon the CERN laboratory outside Geneva, Sw1tzerland

-
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Schematic View of the LHC

P1=ATLAS (general purpose)
P5=CMS (general purpose)
P2=ALICE (ion-ion, p-ion)

0 P8=LHCb (pp, B-physics,
~ \LHC-B CP-violation)

»
ATLAS

e Design: 2808 x2 bunches of protons, 10'" protons/bunch
accelerated to 7 TeV; The total energy of each beam: 2808 x 1.15 x
10"" protons per bunch x 7 TeV = 0.185 Mpjae = 362 MJoules —
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high data rates (irigger,
GRID)

...not a walk in the park

4
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The Discovery Physics Scope of the LHC

 Find and characterize the new particles that compose the
dark matter of the universe

e Find new particles, forces, extra dimensions of space

el j
Iiﬁgj_ € &
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"The Power and the Glory. of the LHC
| | m=reached m =goals m =upgrade study
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Stored Beam Energy (MegaJoules)

In the first year of operation achieved

e factor of 10 above the state-of-the-art

o 28 MJ, (24 MJ w/ collisions)’

‘® Discovery_'l\/[achine
o Pf’obing .de.ep into the tera.scale

e Good reasons.to-expect new physics -

Monday, May 2, 2011



TTTTTTI]]]TITII]]]]I]I]']']]]ITITIII'TIT'II 378
ATLAS | | — erformance

CMS | | 'mp-up |
. | ' 68 bunches)

—
-

ominal
bunch ‘
- operation -
(up to 48) .

N

trains

—
Ol
N

fo)
Q.
-
-~
/)]
O
=
c 10
=
©
o)
e
©
 —
(@)
o)
e
=

Nominal bunch
commissioning

10-6 111111111||11111111]11|111||1||111|1||1|1|111

1000 1100 1200 1300 1400
Fill Number

8

Monday, May 2, 2011



LHC Pagel Fill: 1613 E: 3500 GeV 13-03-2011 18:06:01 .

PROTON PHYSICS: STABLE BEAMS

Total Integrated Luminosity 2011 (Mar 14 09:00 UTC - Apr 27 00:54 UTC) Integrated Luminosity/Day 2011 (Mar 14 09:00 UTC - Apr 27 00:56 UTC)

A A —
— Delivered Max 23.39 pb™'
— Recorded Max 22.94 pb™'

160 , , 25

Date i

; @ ~ 156 pb~ 1 delivered by the LHC since the March 13 2011
| startup Over 20 pb~'/day! | .

o Over 100 pb_ - of data _delivered in a week.

2011: more more more

-

.® 75/50 ns bunch spacing
e 930/1400 bunches

o good;for,'> 10°% em™“s7! and hore than 1 fb~!
: e 9
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© 2010 'harv.e's.t.: ~ 40 pb~1.
° .about 4.4trill’io'n ‘collisions tota.l :
‘e 4 million W b'oéqns ‘
° 1,. m,'i'l.l.io'n Z li)osojns
K 8,000‘-1:"0p qUark paifs '
| o 'majyb.e '5(50 I'-Ii.g'g-s_b(")'sons.

o maybe 200 dark matter particles.
‘@ results on pr()cesses with rates that Sp&h .11 orders of magnidute )

0.

Monday, May 2, 2011 '



Eventsl(CoV/c’) .

—
o
w

—
o
~

CMS Preliminary

®
3 i
Ns=7TeV, L_ =3.1 pb™’ m

' 4

-
o

1 2
u'p- mass ?GeVIcz)

Monday, May 2, 2011



Original
discovery

10
Mess GeV

1947 1964 O = 1974 1977 1983 1995

-
O
(o3

Dec Jan
2009 2010

CMS 2009 .
16— »Prellmlnary ‘

n =

Mar Apr May jun Jul
E w7/ . I(':D;S'Plnilmlnary \s=7TeV. ACM,S p.'el.imi."ary ,201.0 — T
;J/lp L, =27pb" M <05 2010

,L Jl. dt = 2,9 pb” 3
4
0

e
o
1S

Events / { 0.02 GeV/c*)

- ‘. ’&

%mef%

u’u lnvamm mass [Gowc’]

’ QOOG'-OVC.S__
Yidd: 4.7 80 {, CMS Preliminary, \,_TTe‘V
u.-nnu.numv' C Ly = 31 pb”
] u l -I-

& 40 L 08 MeVic" & =70 MeV/c?

8

ber of events/ 2 GeV

% 005 0.1 0,15 0.2 0.25 I ]

"Rediscovery" : _
- : 150 200
in CMS (dates ] [ M(u* w) [GeV]

approximate) T I _

A” ¥ invariant mass [MeV/c’]

24
Jet multiplicity

Monday, May 2, 2011



3
103 106 TT T[T T T[T T T[T T T [T T T[T T T[T TT 1) IR E R s aaannnny ICY F i i S X10
— T T T T T T % T T T T T T 8 10°F T IATLA[S T T Q_2407,4"'[_,43 Preliminary ° :\:nr;mbmedm ATLAS P — UL T T T T T [ T T 1T
. s 5 E o — — rqg . . . ite Si
> 102 p.>100 MeV, |n| © TLAS Preliminary —e—opaaf ° | ol & F - Vs=7 TeV > ATLAS Preliminary " Peee oestesn
:ID, T ’ Te} 105 [dw— & 10t = J- Ldt=42pb” g 2201~ s=rle (O] 10 ——— Fit Projection
H 3 £ W r ~ -1 N
QCD| E C _
-, N \ I:ID oc = ok \s=7TeV @) 200 vormad S| \s=7TeV f Ldt~41.0pb" . S——
0 2 E isti
2 10 Bz b 180~ Statisticaterr) Barrel + Barrel
= ez B 0 i )
I.ICJ 103 B E 160[— e N(Y,g) = 16300 = 200 (stat.)
10 . B L J
140 S N(Y 5) = 4800 = 200 (stat.)
j L dt 3 | F L L 2 B
120b- N(Y 5) = 2300 = 100 (stat.)
102 Y TUUUN TOTUT FUUUN POTTY TUUTT FRUTT TOO Z‘x....'§160- ‘ATLAS‘ all'channels| 5
0 01 02 03 04 05 06 07 ( 0.4 0-51407 Preliminary o data
10 - L=35pb"' Oa
=35pb i
r .I Data 2010\‘sl=7TeV:§>5x10!6 i -1 120 -smgh.f ftop .
s 100,_ Schuler and Sjsstrand: & > 5 x 10° -] F 36 pb —o mpy+jets (L - F | e[l
> 1 L ===e-- PHOJET (Engel et al.): &> 5x 10° ] O 1001 diboson
iy 10-8 — Data\s =7 TeV 8ok N Data 2010N's = 7 TeV: extrap. to & > m2/s B 1 [ [ [l fake leptons
— — Uncertainty (incl. extrapolation) > r . 1
L L e - 77 uncertainty -11 P L i
-9 B= Data\s=0.9 Te Fo® oo Biaek ard Hotoan 2611 B O | | 0 500
10 10'1 + 7 Achili etal. (arXiv:1102.1949) B 60 IA |
1010 0 20 40 60 80 10| - & . Lo . - ’ Op———— T TR
- o pp Data o~ - [ n
10711 s %o = . § / PSR
10_1 1 L wu%?&!’e‘y ATLAS ] i det~3s pb o Different Flavour 3 InV M(MM) [GeV]
T L ] i — Standard Model !
Y 20— Theoretical predictions and data are shown for & > m¥s unless specified otherwise ~ —| 3 24 EZ_”G'S‘WZ'ZZ 11l - 1
LT Tt 'gl N rng\/] r ATLASdma . using Pythia i ) of D hie-Landshoff model 7 Number of jets -S\Ii];’l\éw E! © ATLAS Pre”minary 0-lepton, 3 jets
X ATLAS Preliminary o , I I 0_ with & = 0.085 for clks/dS | | LA [ODijets = g I ; before b-tagging
% o e ——— — 3 Y O S S 1l ¢ Ldt=35pb'Ns=7TeV aa
Al Ns=7TeV —. 8 700j } th1“=35®1 ] 1 10 102 10° 10 z 1] = PRRes el
MC (Pythia LO + Parton Shower, nor] o 600 ATLAS Preliminary \s=7GeV 1 \'s [GeV] 2 3 § E ::/p;:;iuc::?
i3 atstoal errors only ..q:: s Egiﬁiﬁmo ] . i B S S B B B B B B B S B o ] w [ Z production
3 iz 500F Wt 180001 —o— Dute 2010 /3= Tev) J E T semans oo
= 1 E ¥ B L o e e e L B s e B H
| mvon ] [reooor = oco =N T
o | Ot 1 |14000E E zow 1 |=87pb ATLAS Preli
- -1V
B r 1 =
ol - C Bz ] = TR IT U
5 12000 [ Iy = 8
1 . E - ] a,. =1.73+-0.0
1L T T T T T T T T T T T T T =LAS Pre'lmlnary -] data 2 2.4 2.8 3.2
0 E ] ] A
- J/ - N _ 4 =1.49+/-0.0zTrev— —
10° v sz4O pb 5} dt=35pb ] e n —~—Dala 2010 Ns=7TeV) ]
s B R BEF Y™ FV Y PHRRN BP-SSE b = ] ] — —
0 ‘ ' ATLAS Preliminary 2.9 pb" EF mui5 ] 1 ] L w=ev 1
N e Data ] P’ Y(1S o | - 7 %QCD ]
B : N Y%QS) = ] ] W — 1v E
D - - b jets . - B = -Z — ee -
i B ccts i E ] S B} Bz ]
- -1 = roolo-tinaio-soolal - ]
_—y . N = ) - ]
- light-flavour jets ] 1Bo 100 120 | | | 0] E [ It B
I + i ; = PSSV T T B ] .
= 10 Simulation Tag Eff. = pT [GeV] 0 105 z 2 4
SVO Cut - T T T T T ~ 3 L dt =36 pb ]
] M_[d @ ] 1
. ee @ | 7
0000400, — " = 3 N
o000 000e o o"o...... B E Lﬁ \
H (] B : > L B L B B LN B I SURL IR BRI
ninary N 10 g 22 det:ss b’
| 20F ATLAS Prelimi = E
— i [Te} E reliminary \s=7 GeV E
=7 TeV m. b ; 102 > 18F -s-Data 2010
L Lol ] Lol — : E = 16:_ Oz-w =
_ - H c E - =
2 of o ] : ) E [ Multijet E
10 15 20 25 30 35 40 10 10 - e R | 10 & 4 @z
Gev e N 2 R
SV0 Decay Length Significance m,, [GeV] 1 | 1 108 e
—ATCAS Pralmimary T + Data 2010 Y2 o B \s-236TeV EN i3 + g
100— — Fit projection —] T T T T T T T T T T3 I \'s = 900GeV ] 4§— _i
[ \/— =7 TeV ..... Fit projection of bkg. —1- ré/lc (Pyihlia LO + PTnUn Shower, normalised to data)f
- R || tatistical errors only = o) L L B B 5245 N R R s R AR AR RS RER R RS
80l f Ldt=41pb” — eofssw Jf| ©  3O[ ATLASPreliminary * Ne=7TeVdata l S ATLAS Preliminary @\s=7TeV |
- N, = 846000 + 1000 i - | Best Fit background g 40 1 E
Iy = = — PYTHA 3 < T S = ) E
C w  =3.095 x 0.003 GeV : E § 25— .[L =35pb’ Best Fit tt + background] Als Preli ' l - ‘ J 1 S 35 J. L=35pb 3
R Jhp B p - = o m_ =173.8+6.7 GeV 5 reliminary \'s =7TeV, | Ldt = 35pb 5 ) ]
60 o, =65+1MeV ta anti-k, R=0.6 E top S 30 [ Electron, 2 jets E
L v £ et - ] 20— — —e— data IS ]
- 10°E y*I<28 N 2 O W(iv)+y = ]
L — g 3 o + z =
R f ] 15— _ 3 W(lv)+jet ]
40 | 10°F 3 | Bl W(v) E
- -6 1 L B [ ttbar E
20 C 107 E ATLAS Preliminary E 10 &= zm ]
- 107 :_\/§=7 TeV . 5 65 770 175 m1éFGeV] E
E E E I~ op . ]
0 I T r— I I 108— ' ' — 0 R ¢ e . . ]
1 1L L1l 1L 1L 11 D L1 L1 21 22 23 24 25 26 27 28 29 =210=11=212 0 0
26 2.8 3 3.2 3.8 4.2 1 2 3 4 5 6 7 8 005115 225 3 35 4 45 5

Monday, May 2, 2011



T T T T T

3
6
— 1 03 T T T T T TT I T T % 10 TTT | TTT I TTT I TTT | TTT I TTT I TTT 8 105 E_" TT TTTT T T '7-'L‘ [rrrrprTTT TTTTTTTTT S‘é_240: ATLAS Prellmlnary . r\C’Izmb'mEdN ATLAS P —_ x1| 0| T . | . I : | . : : : | : : . .
. S £ ATLAS o] 240~ rd > . . - Opposite Si
> 102 p.>100MeV, n[ O TLAS Preliminary —e-pas| < F o] & | =i Vs=7Tev | @  [ATLAS Preliminary o010 Gppeste Son
D T LQ 10 l:l W — § 10 5_ J‘ Ldt=42 pbr1 E[ 220? (5 1 0 = Fit Projection
Qco) C iy F | \s = -1 n
- N = = i \s=7TeV @) 200 R = \s =7 TeV f Ldt~41.0pb" .. e Procton o Backrond
—) E L
0 E F Statistical err )
q=) Bz - L 180 : Barrel + Barrel
- -Z o E C %) B 7
c 3 B E 160 = N(Y,q) = 16300 = 200 (stat.)
w10 tt 0 - OCJ L 1s |
120k S N(Y ,q) = 4800 = 200 (stat.)
j L dt 1 : T * .
10? ! 120 o : : : : N(Y ) = 2300 = 100 (stat.)
T P T T T P Li.... J§160- all channels| 5
P ATLAS
. 0 01 02 03 04 05 06 0.7 ( : 4ol Preliminary o data
10 r AL AN AR 1 120 L =35 pb" Egingletop N
° ata 2010\'s = 7 TeV:g > 5x 10° ] = .
3 1 100~ g;hgj%a(né 2jt‘>|slr‘anld): é{ 55)( 110; -1 E36pb ! - 100 Z);+ jets | E 1 el
> | ngeletal.): >9X i I~ i oson
= 10—8 — Data\s =7 TeV 8ol A Data2010\Ns=7 TeV: extrap. to & > méls 1 E 8 M fake leptons
— — Uncertainty (incl. extrapolation) > r . —
L L e B 77 uncertainty -11 | L i
of == Data\s=09Te . o st S ] = 0 500
10 10 1 F [ Achilli etal. (arXiv:1102.1949) 4 L] eo- b 500
-10 0 20 40 60 80 10 Go,_ [} pp Data ] = Z O ! ——
1 0 = o pp Data o~ B 40f- 7 8 1 1 1 2
10-11 I Lol ! | 40__ o ﬁ/('(/(/ ] Al 20- p T j T T T
[ o - ATLAS St Ldt~35pb" © Data 2010 s =7 TeVyg
10™ 1 ro Lt ] S P 2 Dt Inv. Muy) [GeV]
20+ Theoretical predictions and data are shown for & > m2/s unless specified otherwise ~ — 0 1 2 3 24 BZjets, Wz, 22 J 6 e+ T
e RN ] | n [GeV\/l r ATLAS‘datap . ::n; Pyihiah' " P/‘oml e "adnd‘sILolfmode\ 1 Number of jets E%ﬁleﬁw = -‘3 10 JqTLAé Prelinl1inary l B-Iepton,|3jets ‘
9 ATLAS Preliminary oo 0 _ . : : —— 0_ with £ = 0.085 for Tg/ug ‘ | ‘ ] CIDijets E (o“ . before b-tagging
Al N7 eV —| 3 700 { f Lt=35p0" 1 10 102 10° 10 ) 4] o I Lel=3opb NS =TTV o e
12 L0 + Parton Shower. nord > - ATLAS Preliminary \s=7GeV 2 3l 5 [ top production
5[ !Igﬂ(:i‘(,:‘:\ e:;oors opnlyn Shower 2 600: v -e-Data 2010 = q = 10° [ W production
GC.) E Oz-n ] FTT g w B Z production
61 Lﬁ 500 B Multijet - 18000 C — E 102 — D procisction
F -Z - uw ] : = [ ) E """ g 500 GeV, b 380 GeV
1 o ] 16000 \ T
OW —uv ] C 4
N ] C P =37 pb i
Al B 1 14000 L < p ATLAS Prelif o
b ] F ‘ ’ ] =
i 12000F (\ 3 § ety
s ’ - 3 o, = 1.73+/-0.0
17‘ N T T T T 11T ] T T T T rrr I AS Prellmlnary —_ data
0 E ] AO
= J/ ] _ R Gy = 1.49+/-0.0zTev— min
10° w % 5} dt=35pb ] c N ~—Dala 2070 NS =7 TeV)
Frt T LI e e ey o L L ST Y = . ] -
= ATLAS Preliminary 2.9 pb™’ . . = . L Iw—ev ]
B ® Data \ - 3 B [Jaco E
of [ o s 7\ z z - L :
- ] - — ee _
: B e E | ] S _ Wz~ E
. _ . — - -y ‘) m - "y -
light-flavour jets ) 100 120 I | l o E [ -
-m = 10 Simulation Tag = —_— 7o) 7 .
3 p, [GeV] 10 105| q - =
SVO Cut ] — T T T T T T T 3 -1 ]
. wid = 5 Ldt=36pb"
. ee O a A
'\ Soaasin s a F = E 1
| 00000 = o e B : c =
nlnar L!'.ﬂ. ......0 ] w 3 > L B L B B BN B B PUL L B
’ tl' 4 | 10 & 22E f Ldt=35pb"
| L N 0 20 ATLAS Preliminary  \s=7 GeV E
=7 TeV | | ||||| l._-.-_.-I. . 102 : =~ 18F - Data 2010
! Lo L Lo 4 _ ] : € 16F DZ—nj: =
C i : o E [ Multijet =
10 15 20 25 30 35 40 10 10? pe it RS I | 10 & 1‘2‘;— WmZ-w
— ba——+—1 = Bw-ev
N —$—\s=7TeV ] ' E . E
SVO0 Decay Length Significance My [GeV] N 1 | 1 10F g:’t" w3
—ATTAS Prelmmary — = Data 2070 Y2 o B\ -236Tev 11 8 + E
100— — Fit projection = P e P —#—\'s =900GeV 1 | 200 aF E
r _-=-v Y e Fi iection of bkg. —.S & MC (Pythia LO + Parton Shower, lised to d E - -
[ \/—_7Tev_1 it projection of bkg _810‘15— Statisti‘{:‘allzrror:onT;on ower nomatse Oa‘a)—g o) L I B B L 0 45 T T T T T T
80— f'— dt=41pb ] C% F reomfuwsssw  Jf| ©  30[ ATLASPreliminary * \s=7TeVdata ] H ATLAS Preliminary @\s=7TeV ]
= N,,, = 846000 + 1000 Il < 102 B | e~ e Best Fit background & 40 1 E
L ~ E —— PYTHIA 3 = - T T T T — - 3
- - ] 25— IL=35 b' Best Fit ff + background 5 J.'--35Pb E
- u,, = 3.095+0.003 GeV o 1o°L 11 2 P e sr e Gey | |AS Preliminary \s - 7TeV,Jldt —sspo| 5 E
60— o, =65+1MeV ta E anti-k, R=0.6 E top = 115 Qo Electron, 2 jets E
i 30 J
N 4L Iy*'I<2.8 ] 20— 2 I —e— data g ]
L Ld 10 5 Owm+ | 2 E
a0l— s ] 15 _ 3 W(lv)+jet E
B L 1 107E E f Bl W(w) E
- o ] 1ol ] [ ttbar E
B 107 £ ATLAS Preliminary E (pA() E
201~ F \5=7 TeVv ] o =
C 10_7 g_ _§ 5 | 165 170 175 m;:?GeV] B ;
] | | | | r— I | 108! ' ' L] Sl S ' '
L — S S S S S L1 L1 21 22 23 24 25 26 27 28 29 210=11=12 Qe s sty Ll ST 0
26 28 3 32 34 3.8 4.2 1 2 3 4 5 6 7 8 005115 2 25 3 35 4 45 5

Monday, May 2, 2011



CMS

7

Electrons p,

Inv. Mass

CMS Experiment at LHC, CERN
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CMS-EWK-10-014

Measurement of the Polarization of W Bosons with Large
Transverse Momenta in W+Jets Events at the LHC

The CMS Collaboration®




-

o https / / twiki.cern. ch / tw1k1 / b1n /view / AtlasPubllc

WW - evuv Candidate
fjk EéP.IE-I!T MAEI\§ Run 167576 Event 120642801 h N

Time 2010-10-24 13:06:00 EDT

Measurement of the W~ W~ cross section in /s = 7 TeV pp collisions with ATLAS
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Based on these data:
O 31 papers submitted for publication (21 published or accepted, 10 under journal's review)
and 5 more in the final Collaboration review stage
O Huge number of physics results presented at 2010-2011 Winter Conferences
- documented in ~150 CONF-notes

volume 71 - number 2 - february - 2011

PHYSICAL | C

LETTERS Particles and Fields

Articles published week ending 1 7 DECEMBER 20 l 0

ATLAS
° Iyl <2.8

- Systematic Uncertainties
=m= [ NLOpQCD (CTEQ 6.6)x Non-pert. corr.
anti-k, jets, A=0.6

s
g
el
=
g
S

J. Ldt=17nb" (\s=7 TeV)

Published by the %&S"
American Physical Society Volume 105, Number 25
physics

@ Springer
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CMS, /|

= List of physics analyses so far @ s

B Pa B Paper in prep. 1 PAS
10 15

PAS=Physics Analysis Summary

20
Heavy lons
B Phys
Forward Phys
QCD low-pt
QCD high-pt
EWK
TOP
Higgs
SUSY
Exotica

—_—

T

In total : 83 physics analyses, based on 2010 data, approved so far
45 papers completed (published, submitted, or close to submission)
23 papers in preparation
24 analyses to be approved soon

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
G. Dieori : CMS Status Report
| ¥
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‘whiat does the Standard Model not explain ?

> quantum gravity |

HST imagé of an.800 light—year wide spiral shaped
disk of dust fueling a 1.2x10"9 solar mass black hole
1n the center of NGC 4261. . " s

' : 18 . . - , '
Monday, May 2, 2011 . .



 what does the Stindard Model not explain ?

. » dark matter )

R TR

Monday, May 2, 2011 . |



~ what does the Standard Model not explain ?
e quaht.um gravify Ciial s By
o dark matter and délfk energy

> Higgs

A_rrzing.e it so delicately that it will fall down _in 19 minutes.”
g . |
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SM Higgs Search Prospects (Mass in GeV)
95%o CL 30

sensitivity 5 o sensitivity

ATLAS + CMS

~2xCMS
1fbh*?

21b?
5!

10fb°

exclusion
120- 530
114 - 585
114 - 600
114- 600

135- 475
120 - 545
114 - 600
114- 600

152 - 175
140 - 200
128 - 482
117 - 535

)

Operate LHC in 2011 and 20I2 Rolf Heuer

-2011: E=7 TeV ; expect | fb-! (baselme) hope for more
2012: Lint increase by a factor of two -

. _20I3/ 14 shutdown (I 5 mo) to prepare ~14 TeV operatlon

.22-'
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Super dimensions! R / /
|dea: extra dlmensmns of Zeros SIZG with the

funny property that bosons can vibrate in the new
directions and become fermions, and vice-versa.

.- . -. p ; o ; @
- | ‘

" There can be a. svmmetrv between ordmary and
super-dimensions (just as there already is among
ordmary dlmensmns) Supersymmetry'

Supersymmetry predicts “squarks” = heavy partners of quarks, and
“neutralinos”, the lightest of which could be dark matter
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g becomes >=1 jet

X 1
2 dark matter particles
= missing energy

=0

Cj bcomes >=1 jet

CMS 2 Jets
det:sspb",\EﬂTev

¢ Data
N Standard Model
—— QCD Multijet
— ft, W, Z + Jets
—— LMO0

Canonical Dark Matter Searches Using Missing
Energy

LI \\\\‘\\\\!\\

zlimina —R>0.15
V

Events / 0.025

Events / 50 GeV

=140 GeV, (Lat-

500 1000 1500 2000
H, (GeV)

T = B TTTTTT
o Y
e .
e #
= #
awe >, o
i pes
.
v"
.

T
CMS Simulation
\s=7 TeV

del:SS pb’

“L susyLwmi

oot

Events / bin

E\ 11 \”\ | ] L‘\:lll}\] “‘ ‘ |
100 150 200 250 300 350 400 N B Tem_——
MR [GeV] - 600 MRIF&%V] 1500 2000

Monday, May 2, 2011



N
o
o
o

I?II||]|I||||||I|l|||||||]|[
: ATLAS |"-35pb"\s=7TeV

0 lepton combined exclusion
s Observed 95% CL limit

—
~
a1
o

==== Median expected limit

Expected limit 1
B Lep2g
\_ FNAL MSUGRA/CMSSM, Run
. \ D0 MSUGRA/CMSSM, Run Il
|:| CDF MSUGRA/CMSSM, Run Il

squark mass [GeV]

|IIII|IIII'_IIII|IIII|III

0
0 250 500 750 1000 1250 1500 1750 2000

gluino mass [GeV]

Squark-gluino-neutralino model (massless Z?)

MSUGRA/CMSSM: tanf = 3, A0= 0,u>0

LI I rrri | rr I I rriri | rrri | rTrri rrri | rrri I rrri
- ATLAS  ™-35pb",\s=7TeV —— Observed limit 95% CL|
- 1 lepton, >3 jets - -~ Median expected limit _|

Expected limit +1o
—— CMSjets (), 35 pb”
B er2l
[ LEP27;
M ~t ~0
[ DO%,.%,
‘," I DO 5: 57 “<0’ 21 fb1
(85006eY) I CDF §,§, tanp=5, 2 fb

i

"‘g,(ysoo GeV)

< N_§ (400
\'i‘\ 1l I 1l l‘f;l I - I L1l 1 1 l Ll l i"‘l“'l'”l.
100 200 300 400 500 600 800 900
m, [GeV]

_\
N —
3
/
§ (50

GeV) GaV) \ G (600 GeV) \ g (700 GAv)

Monday, May 2, 2011

MSUGRA/CMSSM: tanp = 3, A0= 0, u>0 " =34 pb”, \'s=7 TeV

— ATLAS Preliminary
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.Advantages in an: LHC searchr for dark matter:

e Produce dark matter in thelaboratory and study-it' under con-
tralled conditions. | |

o Study the new unstable “relatives” .of dark matter particles,
-giving.a much broader and deeper picture of the “dark’'sector”.

CMS preliminary L _ =36 pb',\s=7 TeV
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Limitations:

o Iﬂfefence of dark matt%r properties from other particles |
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3 2011 Run got extended
into 2012 (to get ~10/fb)

[ 2013 : Splice consolidation
Machine: Collimation & prepare for D 2014 - 2015: tO 13+ TeV

crab cavities & RF cryo system

ATLAS: nw pixel detect. - detect. D 0 6 = G f —] 034

for ultimate luminosity. 2 1 + " ea r u p O r L 1

ALICE- Inner.vertex system upgrade P h ase 2 C OI I i m ato rs ; S P S U pg . ;
CMS - New Pixel. New HCAL

CMS - FWD muons upgrade +

Conoldation Phtodetctors Compleon o Improved Injection System;
LHCb - consolidations LHCh - full trigger upgrade, new N ew P ixe I D ete cto rs

vertex detector etc.

N N AR N NN NN A A ERNRNNNNN N Nnnnnnnny (i | O 2017-2019: Reach Design Lumi.
e SPS upgrade SPS upgrade $PS - LINACA connection & NeW Linac + Booster Upgrade

PSB energy upgrade
Prepare for crab Cavities;

e [ wy | ws [ s | aw [ wm Cryo. System Upgrades
JJFFMAMIJ JASONDIJFMAMIJJASONDIJFMAMIJJASONDIJFMAMIJJASONDIJFMAMI JIASONDJIFMAMIJ|JIAISIOINID [330/fbbyend2019]
NNNNNNRRNNEE ENRNNNNNN -1} NNNNNNNI - 01 ENNRNNNY- SNNNNNNNNNRN ENREEE ARNNNY A 2020-21: Transition to HL-LHC

Machine: Collimation and prepare
for crab cavities & RF cryo system

M J|J|A|SIOND J FMAMIJJASIONDIJFMAMIIJASONDIFMAMIJIJA|ISONDIJFMAMIIJASONDIFMAMIIASONDIFMAMIJIJASOND

Machine: Splice Consolidation &
CollimationinIR3

ALICE - detector completion

ATLAS - Consolidation and new forward
beam pipes

X-Mas maintenance
X-Mas maintenance

Machine - maintenance & Triplet upgrade

Lower g Large Insertions;
Crab Cavities;
SPS Enhancements;

ATLAS: new pixel detect. - detect.
for ultimate luminosity.

ATLAS - New inner detector

X-Mas maintenance
X-Mas maintenance

ALICE - Second vertex detector upgrade
ALICE - Inner vertex system

CMS - New Pixel. New HCAL CMS - New Tracker

Photodetectors. Completion of M aj O r Dete Cto r U pg rad es :

FWD muons upgrade

UG-l g pgrde Pixels, Tracker, Fwd Calorimetry
[3000/fb by 2030]

SPS - LINAC4 connection &

PSB energy upgrade D ~2035: HE LHC (~33 TeV)

- 30 : A
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95% C.L. limit on G/GS
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. Ns=7TeV,L_=35pb’

. BR(H — WW — 2i2v), SV
. BR(H — WW - 212

upper kmit, Observed

« upper kmit, Expected = 20

cut based analysis

400 500

600

Higgs boson mass [GeV]

|IIII\IHI‘I\I\‘I\IJ|IIH|\IH‘\I\I‘\IH—

T T T | T T T T ‘ T T T | T T T ‘ T

—&— QObserved

Expected H—ZZ-l
N + 16
[ I1+26

—se— QObserved CLs
Expected CLs

ATLAS Preliminary
[Ldt=40 pb™' \N's=7TeV

|

OFTTI

o * BR(H—= WW — 2|2v) (pb)

95% C.L. limit on G/O'SM

. Ns=7TeV,L_ =35pb’

BDT based analysis

400 500 600

Higgs boson mass [GeV]

[t 1o
[ ]+2c

IIII]IIII[IIIIIIIII|III|III|III

L I UL I
ATLAS Preliminary

—e— Observed (PCL) H—77Z—llvv/llqq
Expected (PCL)

J‘Ldt=35pb-1,\ s=7TeV

IIIII|III|III|III|III|III|III

Ill lll

200 250 300

350 400 450 500 550 600
my [GeV]




A

LALAE

soud 3o 3o aad

Ll l
200 400 600 800 1000 1200 1400
M, (GeV/c?)

fL dt = 36.1pb"’ others

8 =7 TeV - data
W' 'm_=1.0TeV

- w' m"=1‘4TeV

'\ W’ Suv 36pb

200 400 600 800 1000 1200 1400
M, [GeV]

Monday, May 2, 2011

ATLAS

W — ev
\Ns=7TeV
JLdt=236pb"

T

® Data 2010

[Jw(500)

[Jw’(1000)

[Jw’(1500)
w

[ 4

B ttbar

Diboson
QCD

10°
m; [GeV]

T T T T T

ATLAS Preliminary

J.Ldt=42pb’1
\s=7TeV

200 300

T
® Data 2010
Oz
[JDiboson
T
EwW+Jets
Jacb
[JZ'(750 GeV)
[JZ'(1000 GeV)
[JZ'(1250 GeV)

1000 2000
m,, [GeV]

T \TI\IH‘ T \\\TIH‘

T \\I\I!Il

ATLAS

T
--e-- NNLO theory
—e— Observed limit
Expected limit
Expected + 16
Expected + 26

W v
Ns=7TeV, [Ldt

P I
500 1(

M(W’) > 1.490 (
Tevatron Limit: M(W’) > 1.10 TeV
1 M(Z’) >1.048 (1.084) TeV
Tevatron Limit: M(Z’) > 1.071 TeV

1.450) TeV

ATLAS Preliminary
P I R

Ns =7 leV
Z—

— Observed limit

-
Z,
—Z,

SSM

Expected + 20 )

~02 04 06




-

First direct search of microscopic black'holés ]ﬂ

signatures at a particle collider.
| Events with large total transverse energy are analyzed for the presence of multiple

high-energy jets, leptons, and photons, typical signal expected from a microscopic
blac

hA,

|

CMS, 35 pb™

“hoton+Jets
Background =_':E,:_‘-r"3§
Uncertanty 74
Mo=15TeV. M T =30 TeV
M,=20TeV.M_ =3.0 TeV
N

>
()
Q)
1y
$2)
 C
@
>
+

Events / 100 GeV

-

CMS, 35 pb™ CMS, 35 pb"’
[s=7TeV /s=7TevV §

Excluded M;!" (TeV)

- Non-Rotating n=2

. ~~=- Rotati -
) ng

o
3
\\,* + Stable Non-interacting Remnant
i

L 2 i ' A A l ' 3 A L A l 'S 3 | v | ' 1 A l 'S r s L 1 l A A 1 1 l A ' i ] 3 _ L
1000 1500 2000 2500 1000 10 1000 1500 2000 2500 3000 1.5 2 25 3 35

~ S. (GeV) S (GeV) M, (TeV)
Good agreement with the expected standard model backgrounds, dominated by QCD

multijet production, is observed for various final-state multiplicities. Limits on the

minimum black hole mass are set, in the range 3.5-4.5 TeV, for a variety of parameter
jin a model with large extra dimensions.

arXiv:1012.3375; Phys. Lett. B697 (2011)
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PROTON PHYSICS: STABLE BEAMS
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PROTON PHYSICS: STABLE BEAMS

CERN
#LHC declared stable beams at 18:05 this evening. 2011 physics

running is underway.
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PROTON PHYSICS: STABLE BEAMS

CERN
#LHC declared stable beams at 18:05 this evening. 2011 physics

running is underway.

CERN
#LHC is running with 32 bunches. Colliding stable beams.
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PROTON PHYSICS: STABLE BEAMS

CERN
#LHC declared stable beams at 18:05 this evening. 2011 physics

running is underway.

CERN

#LHC is running with 32 bunches. Colliding stable beams.

CERN
#LHC now running with 64 bunches
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. LHC Pagel Fill: 1613 E: 3500 GeV 13-03-2011 18:06:01 .

PROTON PHYSICS: STABLE BEAMS

CERN
#LHC declared stable beams at 18:05 this evening. 2011 physics
running is underway.

CERN
#LHC is running with 32 bunches. Colliding stable beams.

CERN
#LHC now running with 64 bunches

CERN
Great performance last weekend from #LHC, now running with

136 bunches. 2011 data set already approaching 1/5 the total
achieved in 2010.

40 .
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. LHC Pagel Fill: 1613 E: 3500 GeV 13-03-2011 18:06:01 .

'- PROTON PHYSICS: STABLE BEAMS |

CERN
#LHC declared stable beams at 18:05 this evening. 2011 physics

running is underway.

CERN
#LHC is running with 32 bunches. Colliding stable beams.

CERN
#LHC now running with 64 bunches

CERN
Great performance last weekend from #LHC, now running with

136 bunches. 2011 data set already approaching 1/5 the total
achieved in 2010.

CERN
#LHC sets new luminosity record of over 2.5x10*32 - peak in 2010
was 2.0x10*32. What does it mean? More data more quickly...
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LHC Pagel Fill: 1613 E: 3500 GeV 13-03-2011 18:06:01 .

: PROTON PHYSICS: STABLE BEAMS |

CERN
#LHC declared stable beams at 18:05 this evening. 2011 physics

running is underway.

CERN
#LHC is running with 32 bunches. Colliding stable beams.

CERN
#LHC now running with 64 bunches

CERN
Great performance last weekend from #LHC, now running with

136 bunches. 2011 data set already approaching 1/5 the total
achieved in 2010.

CERN
#LHC sets new luminosity record of over 2.5x10*32 - peak in 2010

was 2.0x10732. What does it mean? More data more quickly...

CERN
It's a year to the day since the #LHC research programme got
underway:. http://ow.ly/4pDwV
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PROTON PHYSICS: STABLE BEAMS

CERN
LHC topped 1000 bunches and 10”14 particles per beam for the
first time over the weekend.
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PROTON PHYSICS: STABLE BEAMS

CERN
LHC topped 1000 bunches and 10”14 particles per beam for the
first time over the weekend.

CERN
#LHC now running with 336 bunches of particles per beam

—
2l
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PROTON PHYSICS: STABLE BEAMS

CERN
LHC topped 1000 bunches and 10”14 particles per beam for the

first time over the weekend.

#LHC now running with 336 bunches of particles per beam

"

n
o MADr

CERN
@ LHC sets world record beam intensity hitp://bit.ly/dPR3CB
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PROTON PHYSICS: STABLE BEAMS

CERN
LHC topped 1000 bunches and 10”14 particles per beam for the
first time over the weekend.

CERN
@ #LHC now running with 336 bunches of particles per beam

. P.:‘-

CERN
@ LHC sets world record beam intensity hitp://bit.ly/dPR3CB
CERN
#LHC now running with 624 bunches per beam. Data flowing...

41 .
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r PROTON PHYSICS: STABLE BEAMS |

LHC topped 1000 bunches and 10”14 particles per beam for the
first time over the weekend.

#LHC now running with 336 bunches of particles per beam
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CMS data rate
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CMS data rate ¢

A
7 7

® The raw data rate is 100 million channels divided by 25
nanoseconds = 1 Petabyte/second
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CMS data rate o .
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® The raw data rate is 100 million channels divided by 25
nanoseconds = 1 Petabyte/second

® Compare this to total global WWW traffic = 5 Terabytes/sec

42
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CMS data rate
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® The raw data rate is 100 million channels divided by 25
nanoseconds = 1 Petabyte/second

® Compare this to total global WWW traffic = 5 Terabytes/sec

® Compare this data load to Google, which processes 20
Petabytes per day

42
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CMS data rate
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® The raw data rate is 100 million channels divided by 25
nanoseconds = 1 Petabyte/second

® Compare this to total global WWW traffic = 5 Terabytes/sec

® Compare this data load to Google, which processes 20
Petabytes per day

® Houston, we have a problem

42
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Muons: === Il| ': i o | g
4 fRPC I[I l 'E
4CSC o, | Bt
4DT e
4 bRPC =% | =i
Ll
LVDS

Global Muon Trigger GMT
IN chips: LVDS Receiver: 512 bits / 40 MHz
PHASE + BC synchronization
Spy mem, Ringbuffers + FIFOs
LFF/LFB: find matching muons, cancel out logic
order by rank, 1st-sorter stage
AUF/AUB: assign MIP+ISO bits
SRT: Final Sorter, Ringbuffers + FIFOs
ROP: VME decoding, Readout processor

® The Level One trigger uses fast FPGA
firmware and selects, on average,
one event in 500 for further
processing

® Of these, the HLT software triggers
in a 1000 node farm select, on
average, one event per 200

® ~300 events per second are saved,

the rest are gone forever
43

CMS Trigger System

Lvi-1

HLT

<

&

j Detectors

+.

Front end pipeline

Readout buffers

- Switching network

Processor farms

CMS: 2 physical levels
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Tier 3 e Y tue @ 2500 Physicists, ~40 Countries

=0.1-10 Gbps
~ Tens of PetaBytes per Year

Tier 4 =

v Physicists’ _
Q_ E,h Co:w:w; ~ ExaBytes in ~ 10 Years
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