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Enter a New Era in Fundamental Science

Start-up of the Large Hadron Coﬂllider'(LHC), one of the largest and truly global.
-scientific projects ever, is the most exciting turning point in particle physics.
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Chinese Involvement in LHC Experiments

Chinese Institutes are involved in all 4 LHC experiments

3 Institutes g ‘ . - e

Inst. of Atomic Energy, Beijing
Hua-Zhong Normal Univ., Wuhan
Hua-Zhong Univ., Wuhan
7 members

4 |nstitutes

A IHEP Beijing IHEP Beijing
{ Nanjing Univ. Peking Univ.
A Shangdong Univ. Sesess . Nouaep O S USTC Hefei
S USTC Hefei , e G > : e, ,, _ ‘ 55 members
31 members L . A —
rach I Hardware contributions
Tsinghua University, Beijing Preparation for physics analysis
14 members LCG: Tier-2 at IHEP
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LHC: Exploration of a new energy frontier

Proton-proton collisions at E¢, = 14 TeV (design value)
Heavy lons: Lead-lead collisions: Energy/nucleon = 2.76 TeV/u

The LHC will illuminate a new
landscape of physics, possibly
answering some of the most
fundamental questions in modern
physics, like e.g.

The origin of mass
Unification of fundamental forces
New forms of matter
Extra dimensions of spacetime
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Eirst Collisions at LHE on 23 November 2009
At Esy =900 GeV.

CMS Experiment at the LHC

N e e Date Recorded: 2009-11-
K Protons, Eye,n= 0.45 TeV

... after more than a year of repairs and improvements



Recall: LHC operation in September 2008

10 September 2008: first protons circulating in the LHC ring

Not to scale! CMS

LHC
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Proton beam energy
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19 September: incident in sector 3-4

The incident was traced to a faulty electrical
connection between segments of the LHC's
superconducting cable
(busbars)

High impact was caused by collateral damage

e
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The LHC repairs in detall

54 electrical interconnections

14 quadrupole magnets 39 dipole magnets fully repaired. 150 more Over 4 km of vacuum

replaced replaced needing only partial repairs beam tube cleaned
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6500 new detectors are being

A new longitudinal
restraining system is being fitted
to 50 quadrupole magnets

Nearly 900 new helium pressure
release ports are being installed
around the machine

added to the magnet protection
system, requiring 250 km of cablps
to be laid
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First LHC operation in 2009 (&)

Friday, 20 November 2009:

Not to scale!  cwms First beam circulated in the LHC — a clockwise
circulating beam was established at at 10:00 p.m.,
LHC followed by a circulating beam in the other
7000 GeV . .
direction a few hours later
Monday, 23 November:
Both beams are circulating in LHC
ALICE 450 GoV s LHeh RN T BYGL
‘Run 62514 Event 341226
AN
! ATLAS

N Qf»ooster 1.4 GeV
‘ ‘, -

/

Proton beam energy M

LHCb beam-gas event
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@% First LHC operation in 2009 [©)

23 November 2009:
first 900 GeV Candidate Collision Events

Candidate
Collision Event

http://atlas.web.cern.ch/Atlas/public/EVTDISPLAY/eve

6 December 2009
Machine protection system commissioned
=) stable (safe) beams for first time
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8, 14, 16 December 2009:
First collisions at 2.36 TeV

CMS Experiment at the LHC, CERN

51:28 687244 GMT]

ATLAS
14 EXPERIMENT

2009-12-08, 21:40 CET
Run 142065, Event 116969

AL L
-400 -300 -200 =100 0

A L I C E Candidate Multi Jet Event at 2.36 TeV

14.12. 2009 4:31:00
Run 63872 Event 1593 bld 1786

Y IHEP, Beijing/ January 2010 11



oate | Day-

Nov 20
Nov 23
Nov 26
Nov 27
Nov 29
Nov 30
Dec 04
Dec 05
Dec 06
Dec 08
Dec 11
Dec 13
Dec 14
Dec 16

Summary LHC operation in 2009 (@)

1

Milestones Achieved (S. Myers, 18. Dec 2009)

Each beam circulating. Key beam instrumentation working

First collisions at E .., = 450 GeV. First ramp (reached 560 GeV)

Magnetic cycling established

Energy matching

Ramp to 1.18 TeV

Experiments solenoids on

Aperture measurement campaign finished. LHCb and ALICE dipoles on
Machine protection (injection, dump, collimators) ready for safe operation

First collisions with stable beams, 4 on 4 pilots at 450 GeV. Rates ~ 1Hz

Ramp colliding bunches to 1.18 TeV

Collisions with stable beams, 4 on 4 pilots at 450 GeV; >10'%bunch; rates ~ 10Hz
Ramp 2 bunches/beam to 1.18 TeV. Collisions for 90 minutes

Collisions with stable beams, 16 on 16 at 450 GeV; >10'° /bunch.; rates ~ 50Hz
Ramp 4 on 4 to 1.18 TeV; squeeze to 7 m.

L
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Proton 2 ———__

Po

2-Jet Event at 2.36 TeV

GATLAS

JA EXPERIMENT
2009-12-08, 21:40 CET

Proton 1 ~—

oF

1
do(p,p, —=c d) = f dx,dx, E(fa (x5, @) fpy (x, Q2 d& 70—¢d)
0 a.b
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Basic processes at LHC (not in 2009)

)
\

Proton 1 i~;’ S
oF
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First collision data recorded at LHC

Status report on the progress of the

Comments 11-12-2009 07:17:40 :
SECOND HIGH INTENSITY FILL
Intensities: B1=5e10 ; B2=6e10
injection schemes:
B1: 1(pilot), 1001, 18821, 22081,27731
b2: 1(Pilot), 1001, 13141, 18791, 27731
HC Operation in CCC : 77600, 70480

SMP Flags

Global Beam Permit [ true M true
Setup Beam  true M true |

Beam Presence  true i true
Moveable Devices Allowed In  true W true |
Stable Beams  true W true |

L UE LI UE
PM Status B1 ENIEGIEPBNPM Status B2 m

LHC accelerator and of the
experiments presented on

18 Dec 2009 at CERN

Some selected highlights from LHC

and

ATLAS, CMS, LHCDb, ALICE

presented by
S. Myers (LHC)

F. Gianotti (ATLAS)
T. Virdee (CMS)
A.Golutvin (LHCDb)
J. Schukraft (ALICE)

IHEP, Beijing/ January 2010
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First collision data: recorded data sample

—11  Recorded data sample:

ATLAS example

” x10°
t gooE ATLAS Collision Candidates
()] C
o o i _— .
0 gooL- MBTS A/C-side Coincidence Trigger
o =
g 700:—
g 600 — Total
prd C
o 5005_ —— During Stable Beams
T 400
S =
£ 300
=) C
© 200
100F- —
0: | .|M|||||||||||||||I|
2 4 6 8 10 12 14 16

Max peak luminosity seen by
ATLAS : ~7 x 1026 cm=2 s

Average data-taking efficiency: ~ 90%

Day in December

Recorded data samples in ATLAS

Integrated luminosity
Number of events | (<30% uncertainty)

Total
With stable beams (= tracker fully on)
At \Vs=2.36 TeV (flat top)

~ 920k ~20 b’
~ 540k ~12 pb-’
~ 34k ~ 1 pb-’

Similar numbers for other experiments

T
CERN Y
\

~Z
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First collision data: particle identification

- - = 10— RERES RERRE R
C 3 e o - -
C 4 9 ATLAS Preliminary - . —
: : — F nnary p Pixels |- q
C E g’ 8F 900 GeV Collisions ) = — 73102
: E = : ES A 3 ]
. . 8 6| 180ktracks | =2 | | I =1
K E % 5F- 9 i A 3
Ak i § s 31410
:— . E 4:_ — E
- - 3:_ E _
3 A E 255 3
C a 1!‘1‘:3\"!- 1
-~ No vertex cut ! TPC H IR e
S | X X X M | a1

-2.5

-1
10 p (GeV) 1

-tglvilll!
"

—_

N W d OO N © © O

- Fit to reference Data

LHCb data
(preliminary)

Extrapolation

M = P sqrt((dE/dx - C)/K)
with K= 2.50 +-0.03
with C = 2.75+-0.04
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First collision data: primary vertex

)

o
W
{3}

'g' 8:_' TR R R RECL I TLEUR ] R | 400 E [Tt | T T T | T T T | T T T T T T T T T
i< - ATLAS Preliminary S [ CMS preliminary 2009 i
X B SoonyOuc 122008 . A 30 > 03 \Emesy .
£ 4 ’ L 5300 @ ]
= g . ©0.25
2r 1 —250 > C ]
r ] e ]
0': 1 ~200 g 0.2 ]
2 150 & ]
afb - . - 3 0.15} ]
F  Online primary vertex. =~ ) 24100 C ]
8l distribution * Spot size ot .
L N, pervertex > 2 I 50 in 1
85 P, 500 MeV 250 pm i 0,=39mm
—‘ : l l : - - 2 —=. l - — l : 0 0 —I 11 L1 1 1 11 111 | I 11 I_
4 6 4 -2 0 2 \;‘n 6 8 ¥o5 04 015 02 025 03 03
e bl primary vertex x (cm)
H1.5_| T 1T | T T "l L I L I.l ™ I 1T T 7T 3
E _ 10
) E - £ 10’ |- LHCb preliminary run 63567 — Collisions I
- o oc I E ‘J ——— Beam gas events
0.5 A A i 102 - LH
- : a. 107 |-
o " 5 0 0, = oyZ(?B mm
- - ,‘ _ 0,~ 40 mm
o b T . i [ R
S - 10 10 |- :[1 ‘ I J
C |
C . . ulrlm -
- . | Beam spot at 2.36 TeV 1= mimmnn H:
T e e e S =——== W 1 P | N /I e—— |
35 4 05 0 05 1 15 -1000 -500 o 500 1000
X [cm] PVZ (mm)
CERN
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PDG:

First collision data: 7°, 1) M) = 134.9 MeV

m(n)= 547.7 MeV

3

0
E ;_ | | CIVIIS prlelimilnaryl900 |GeV IIJata_; % 3505_ | | CNIIS prlelimilnaryIQOO (|3eV IData_:
§ 2_55_ 0 _f 0 300;_ M = 04890 £ 0.0050 _;
= M= 0.11622 = 0.00021 1 ©os0b g=10.0629 +0.9080 E
-~ 2F 5= 0.01519 + 0.00022 = E - 1 Data:
£ ] @200 7 N(n)/N(x®) = 0.020 + 0.003
3 ; L1>J150:— 1 3 MC:
S = _ # N(n)/N(x?) = 0.021 + 0.003
: N, = 14967 £224 - - Nig =295+ 49 1
0.5 — 501 — -
- S/B,,.=1.26+0.02 - S/B,,=0.32£0.05 7
- Covv lvv by by b b by v by g by g o7

(o o]

IlIlIllIlIlIllIlIlIIIIlIlIIIIIIlIIIIlIlIlIIl
$05 0.1 70.15 0.2 025 0.3 0.35 0.4 0.45 0.5 2 04 06 08 1 12 14 16 18 2

Invariant Mass of Photon Pairs (GeV) Invariant Mass of Photon Pairs (GeV)
= 5 e L I N A e B e e T L R =
g 6000 ATLAS preliminary 5 | 0 N N ] o LHCb data
= - e T —=yy —>e'e e’'e” = : (preliminary)
S B T T 1| B
2 c 20 ; u=132.1+ 1.3 MeV =
£ 4000 C G =7.2+1.6MeV ]
w - 15— H
3000 Ouua = 19 MeV C H
- NB, candidates = 12300 4ol ||| 1
20001 n |r'
s Data C W M J‘ |I IlI 1 “ F
1000} fogs st U1 lluw ll il ' 15 = (133 + 3) MeV/c2
; on difiractive minimum Dias C II [T | F (1 1 + 4) MeV/CZ
PR RN AU I I R B m 4 E
% 100 200 300 400 500 600 700 O, 0.4 o e e e s e '15|,o 500250300 350 400 450 500

Uncorrected m,, (MeV) My (Gev) M v (MeV/ Cz)
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* First collision data: K°, » wt*n-

T T T T T T T T T T T T T | T T T T T T T T T T T T I
- KO —an l
1000 -
800; ‘ 2 { 0 _]
C | Ks ]
600 1=497.3+0.07 MeV |
C c=5.2+0.08 MeV 1
400 -
200%4, -
S g N ]
|_ 1 | 1 | | 1 1 1 1 | | 1 1 1 | 1 1 1 1 _‘
035 04 045 05 055 06 065
M,..- (GeV/c?)
[ m_... (LHCb 2009 data, preliminary) ‘
% Integral 10828
= | 72 [ ndf 96.536 / 95
N300 Prob 0.43678
,3’3 LH ) constant 78.372 + 4.083
S50 slope  -0.075586 + 0.007938
"g - Nyignai 2712.2 + 81.6
s 496.86 + 0.34
200 10.999 + 0.360
150
W; KO
Et TR : g
100 TR 14y |
iﬁ ‘,‘*+.‘\+~f~7f’++ - ‘_ﬁ‘# 'ﬁ | ,Aﬁ
Moy
50 M=496.9 + 0.3 MeV/c2 '
I 1();111,0 iio-4rhﬂfﬁqlc% rnflnis

%00 420 440 460 480 500 520 540 560 580 600

m._.. [MeV]

PDG:
m(Ke,) = 497.6 MeV

Minimum Bias Stream, Data 2009 §/s=900 GeV)

_I||II|||||IlllIlIIIIIIIIIIIIIIIIIIIIIII—

> ]
()] 6000 ATLAS Preliminary Both tracks: P, > 109 MeV. Sihits >6 |
2 Kg Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm
N'5000 © Daf

" ata

2 r 1 Simulation

S —  Gauss (+poly) fit

p= 497.5+0.1 (stat) MeV
o= 8.2%0.1 (stat) MeV

PDG (2009) m, = 497.614 £ 0.024 MeV

nre»r-»

_IIIIIIIIII||IIIIIIl|lllIlIIIIIIIIIIIII|

00 450 500 550 600 650 700 750 800

MeV
N x10° . mﬂ x [MeV]
2 : CMS Preliminary ;?ﬂ' mx; ﬂ;s‘za
> p - comunom
q) 1 — ! sigma 0.0075036 + 0.0001016
o - const abag_k + ng_sz
L g slope 4.3382 £ 7.3306
g L { quad B.4421+ 50,9252
S 0.8 -
~ B 0 B
(/2] - 4
o | K% i
= 0.6~ -
C L -
LU - -
04 : M=497.7 MeV/c?
I | 0=7.6 MeV/c?
0.2 \\K .
. el : ; ST T e :
O 1 1 I 1 1 1 1 'l 1 1 1 1 | 1 1 1 1 | 1 1

0.4 05 06 0.7
' invariant mass (GeV/c?)

IHEP, Beijing/ January 2010 20



&% First collision data: A »

pre—, A\ > prct

PDG:

g12000 1200 —— e —— _ )
=)/ g ' £ — M(A) = 1115.7 MeV
©1000 ’ A __"1oooj ‘ e - : _ _
L / u - K —_ - § 300 c™s Preliminary H o 130.09195
r f ] L 2 — R C Y
800 — ‘\ A — Tfp — 800— “ np — @ r Z::Slgma 0.0030801 tD.O(\'!"L‘tQ
- | 1 | N 1 Q2500 S
= | - A N C ]
600 | A —| 600 . S | ]
B u=1115.45+ 0.06 MeV ] L T 1u=1115.52+ 0.07 MeV - 2 200 C A 3
400— 6 =1.88+0.07 MeV 1 a00— J | 0=206£007 Mev Jeo r .
- $ 1 1 T 1 1 E150F = &
S R Wy 00 CRPT 2 N | 150t m=1.116 GeV/c
200_— ‘:’,«0» g ¢Wﬁ¢,‘¢"¢ oy “o".“",'; 00_— ”‘.w o+ * e v 00t otegrent b o - 0=3 1 Mev /C2
- i A > 1005
C PR I T T T (ST S N N ST O A P I C | P I P P I L | r
1.08 1.1 112 114 116 1.18 1.2 1.08 1.1 112 114 116 1.18 1.2 E
M., (GeV/c?) M, (GeVic?) 50
> 1 800 _Milnilr;uml Bi?s Sltrelam] Dalta |200|9 MIgz?ool Ge|V) T T T I T T T | T T T ] 0 e 1 1 | 1 1 IE | 1 1 1 | 1 1 1 | 1 1 Il
() - ATLAS Preliminary Both tracks: p, > 100 MeV, Si hits>6 | 1.08 11 112 114 116 .
2 1600 4 |nvariant Mass cos(0) > 0.8, flight distance > 0.2 mm ] pr invariant mass (GeV/c?)
: 1400 :_ . Data > 1 60 Mllnm;uml BI?S Sl’trelam; DaIta 1200|9 6|[{§=?00| Ge|V) T T [ T T T ] T T T ]
g - — Gauss (+poly) fit : . o) ATLAS Preliminary Both tracks: p, > 100 MeV, Si hits >6 7 -
212001 |\ = 1116.0 £ 0.1 (stat) MeV 1 Simulation = 14068 X Invariant Mass cos(8) > 0.8, flight distance > 0.2 mm -{m,..... (LHCb 2009 data, preliminary) |
= C o= 3.2%0.1 (stat) MeV S — —
L 1000~ PDG (2009) m_=1115.683 + 0.006 MeV m— ® Data —2160/| 42/ ndf 93.132/95
C A Gauss (+poly) fit =1 Simalati 1= ‘ : o
- —= ro X
800 | = 1115.9.£0.1 (stat) MeV LG 38140 constant  7.5272 0.1409 %
E 6= 28%0.1 (stat) MeV N B threshold 1077.9+ 0.2
600 PDG (2009) m,_=1115.683:+ 0.006 MeV A 2120 Nsignar 751.23 + 41.57
= b == m 11156+ 0.2
4001 17 100] om 3.0781+ 01735
c e Y 801
200 v 50
0 : N 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1 _: 60 :—
1080 1100 1120 1140 1160 1180 ﬁo 4 a0r
Ml | I ! | | = 20;
L 1080 1100 1120 1140 1160 1180 TZALE) o\ B Sl /et L AP U I B
rﬂp - [MeV] 1%60 1070 1080 1090 1100 1110 1120 1130 114[(‘)1 ,11,5[0Me1V1]60
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| Phi Candidates passing dE/dx cut |

CMS 2009 Preliminary

Counts/2 MeV

N=1061+ 105 ¢ — KK candidates

M=1019.58 £+ 0.35 MeV
W=4.61+ 0.68 MeV

L 1 I 1 1 I 11 1 I 11 1
112 114 116 1.18

—; N, 22
1=1019.6 + 0.5 MeV = E 20
d <+ 18
c=5.3+0.6 MeV = 5
] o 16
. i)
E § 14
= 12
1 ~ 10
1.15 1.2 8
M.....- (GeV/c?)
6
Entries 1185567
72/ ndf 7154/55 | 4
po 685.9+ 6.2
p1 8092574 | o
p2 2428+ 247
p3 1.02:0.00 | o
pa 0.004606 = 0.000676 | 1
p5 0.9837 + 0.0006
+§t -
T *+ ++ } “##“3
900 GeV data

= > An » npr

PDG:

M(®) = 1019.5 MeV
M(Z) = 1321.1 MeV

LA L B B L L

=1.32171 GeV/c?)
pdg

-+ = candidates

E—=An—=npmn

A

l I ] 11 J
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Hle

()
=

136 1.38

M(A

KK mass (GeV)
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First collision data: Events with Dimuons

m (J/¥) = 3.096 GeV

LHCDb:
pr(uy) =2.2 GeV, pr(u,) = 1.2 GeV
m(uwn)= 3.035 GeV

CMS: : —
Pr(n) = 3.6 GeV, py(u,) =2.6 GeV W .
o R
Y IHEP, Beijing/ January 2010 -

~/L



First collision data: first distributions

INEL= all inelastic interactions

T T T T T TTT I T T T TTTT | T T T T T TTT T T T
§£ - [ & ISR (pp) INEL | NSD= non-single diffractive
%" 6 + UA1 (pp)NSD ] (non-diffractive and double diffractive)
~ | o UAS (pp) INEL _
| * UA5 (pp) NSD - ST
i v CDF (pp) NSD | = CMS Preliminary 2009 3
4| © ALICE (pp) INEL i A e
| = ALICE (pp) NSD / i - , 081 O ”%; Q;L, j’ 330 s o -
[ o I 3 "4 "o
- Work in progress = 3F 3
i 7 kS - .
L dN/dn at2.36 TeV | 2 | :
— ) - © 2F 2
B 7 ; ® CMS NSD, all three methods combined
u —ry—— ] 1E © ALICENSD =
0 LI C ']'”'|4 — - [ UA5NSD =
@mﬂwh—-hﬂhﬂ: : : 10 \]g (GeV) 0 E . | , . , | n " f |
Particles and Fields -2 0 2

n

The average number of charged particles created perpendicular
to the beam in pp collisions at 900 GeV is:
dN/dn = 3.10 £ 0.13 (stat) £ 0.22 (syst)

EPJ C vol 65, number 1-2 Jan 2010, Submitted to EPJC on 28 Nov 2009
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First collision data: jets

w —2100I9 $EIAM T T l T T l T T T T I T T T T —
= s ATLAS Preliminary 7
-.g I~ A — 7
5 - & \s=900 GeV |
© L
S 10 A  ®Data —
()] - -
;g = S —Non-diffractive minimum bias MC -
& - 1 MC normalized to
'g EMScale
3 10 =
- 1 in data
1 + =
: L 1 l 1 1 1 1 1 1 1 1 I 1 L 1 :
5 10 15 20 25 30
p, (GeV)
10° F

3 PFlow jets pT > 10 GeV

pT cut on tracks displayed > 0.4 GeV

Un-calibrated EM scale

number of jets or events

_ 20 ET (GeV)
Vs=900 GeV

lllllll

T

10’

lllll

T T l
CMS preliminary
\s=900 GeV

Anti-k- R=0.5 CaloJets -
jetin |<3.0 -

E

10

50 60
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& First collision data: Missing E;

Missing transverse Energy (Missing E-) is important observable for
many searches
Missing E is sensitive to detector performance (noise, dead cells,
mis-calibration, cracks, etc) and background from cosmics and beams

%\ S g S e —— Data: fit O.38\,’§:—ET
) 4'55_ Data\'s=900 GeV ——— MC_minbias: fit 0.37\X E;
S 4F DatavVs=236TeV —e— Data: fit 0.37\T E,
= 3.5F Non-diffractive MC MinBias\'s=900 GeV J[j =
175) - gl
c SF E
> 255 .
S S 3| ATLAS: Measurement
< 4 55_ 3| over full calorimeter
= 15_ = coverage:
= s 3609 in @, |n| < 5,
0-5g ATLAS Preliminary - ~ 200000 cells
- 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l —
% 10 20 30 40 50 60 70
S E, (GeV)

METx / METy indicate x/y components of missing E; vector
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| CMS Preliminary 2009 |

30

—&— 900-GeV Data

25 =¥ Simulation

15

Calibrated Calo Energy (GeV)

20 :_ ........................

L SN S _i_ﬁ_#_ ,,,,,,,,,,,,,,,,,,,,,,,,,,
::;$; ........... e

ST RN VRS it R T— T

Folssrrrre fyrrrrr)

PRlet1 (o)
pr 415 GeVe'

10 15 2 2

30

Track momentum (GeV/c)

Run 124120, |' "¢
Event 6613074 é

" Run 124120,
ZZ\ Event 6613074

PRet 2

prSZSOZ%Y'

PEMET (1.9 GeV)

4 n

2.36 TeV data

PRet 1

pr41.5 GeV/e

PRet 3

pr 218 ¢eV/e

Jet algorithm: Anti-Kt 5

' CMS Preliminary 2009, 900 GeV data |

o(MEX,MEY) [GeV]

»
(3

)

w
o

2.5

=
=
-
-
e
=
o
3
-
-
o
=
E

= data, PF
- MC, PF |

60

70

80 20
SumEt [GeV]
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First collision data: summary

» Excellent performance of Collider:
Highest p-p collisions ever produced

» Excellent readiness of experiments:
High data taking efficiency, fast turn-around for results

» Impressive information already provided at the

18 December 2009 meeting at CERN
(LHC stopped on 16 Dec)

» Collaborations preparing publications on first
collisions observed at Vs = 0.9 TeV and 2.36 TeV

IHEP, Beijing/ January 2010
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LHC Physics: next step

> 10 pb': Standard Model processes
measure jet and lepton rates, observe W, Z bosons,

first top quark observation in Europe,
first look at possible extraordinary signatures...

integrated Luminosity: e.g.: L=10%2 cm2s', 10° s = 10 pb-’

30 pb! Measure Standard Model Processes (at 10TeV need ~ 30pb):
— ~10* Z — e*e  (golden Z's for detector studies (1%))

[ .
] ~105 W — ev Background for new physics
~ 108 ttbar (measure o to 10%) Need to understand very well

<7 Initial Higgs searches and searches for physics beyond the SM

> 200 pb™' Entering Higgs discovery era and explore large part of
SUSY and new resonances at ~ few TeV
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Objectives for LHC Physics

In 2010:

» LHC physics at Ec,, = 7 TeV, higher energy
will be decided during run; beam energy limit

_ &
in 2010: E,.. =5 TeV S
> Towards end of year (2010) heavy ion run E P
& &
QOQ{Z’QQ
Beyond 2010 © &

> Strategy: maximize useable integrated
luminosity for physics
> Key parameters: peak luminosity, luminosity lifetime,
efficiency, pile-up , radiation dose, etc.

» Optimize running periods 2 two years cycle

@ IHEP, Beijing/ January 2010
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Fermilab SSC
CERN l LHCl

:

Restart second half of

Ecy=9TeV>236-2>7-> 10> 14 TeV

|
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Objectives for LHC beyond 2010

Squeeze
5 min T
| [T¢= LHC (steady) operation:
L §/  oepae L6 3 optimizing for physics é\\-
\ o physics o | -% O Q
Pre-injection ol | c '& '\
lateal f§ oT 4 % @' Q‘
. 15 min Start ramp & % I (y %
Injection %—2 ’\Q 0{06)
15 min ™ GQ‘ (§
i i i i i 0 S o
-3000 -2000 -1000 0 1000 2000 3000 \*. 9\
Time [s] é bo
NS
> Expect LHC operation for at least 15 years
» Upgrade Phase I:
> LINAC4 and Inner Triplet construction as foreseen, ready for
earliest installation end 2014
> Upgrades for beyond 2015: several scenarios under
discussion, taking non-LHC programme into account
@ IHEP, Beijing/ January 2010 32



Non-LHC Programme at CERN

Experiment 2010 2011 2012 2013 2014
" CP-violation (K) construction K> vy
S Heavy ions : Proposal: till 2014 with ions + data for v-physics
- QED  Data taking ? Strong field QED
S Compass Lol, ' hjnpaa%bn - | Polarization, GPDF
Crystal-channeling juuDatataking....| + collimation, for LHC
_neutrino-beam | . . ? v’s to Opera, Icarus
P [DIRAC ! proposal ? n and K atoms
S |Cloud-facility Continuation including new proposals Radiation on aerosol nucl.
nTOF-facilty — |usDatataking ? Class A target area

AD 4 experiments
ISOLDE Radioactive beams
CAST ]

T , Combined proposal ? Axion search
OSQUAR construction 1_} 1p = }
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Strategy and Objectives for CERN

» Full exploitation of physics potential offered by LHC: LHC
results will indicate the way to proceed at the high-energy

frontier

» Excellent non-LHC accelerator based programme beyond 2011:
» Outcome of strategy workshops decisive (FT, Neutrino)

» Preparation for a Linear Collider: CLIC study and increasing
CLIC/ILC collaboration

» Detector R&D for energy frontier experiments (LHC/LC)

> Closer collaboration with Astroparticle physics

Important: International Collaboration
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Future of High-Energy Frontier

Distribution of All CERN Users by Nation of Institute on 27 October 2009

=

CERN became a
GLOBAL
- LABORATORY

MEMBER STATES

AUSTRIA
BELGIUM 112
BULGARIA 50
CZECH REPUBLIC 179
DENMARK 65

FINLAND 86
FRANCE 864
GERMANY 1128
GREECE 106 v .
HUNGARY 54
ITALY 1455 OTHERS
NETHERLANDS 166 CROATIA 19 MALTA 1 THAILAND 1
NORWAY 76 ARGENTINA 8 CUBA 4 MEXICO 30 TUNISIA 1
POLAND 190 OBSERVER STATES ARMENIA 15 CYPRUS 8 MONTENEGRO 1 UKRAINE 17
PORTUGAL 123 INDIA AUSTRALIA 15 EGYPT 2 MOROCCO 5 UAE. 1
SLOVAKIA 56 ISRAEL 55 AZERBAIJAN 1 ESTONIA 11 NEW ZEALAND 8 VIETNAM |
SPAIN 303 JAPAN 203 BELARUS 19 GEORGIA 10 PAKISTAN 18
SWEDEN 72 5 BRAZIL 71 ICELAND I QATAR I
SWITZERLAND 363 CANADA 143 IRAN 12 ROMANIA 53
UNITED KINGDOM 728 CHILE 3 IRELAND 13 SERBIA 20

CHINA 85 JORDAN I SLOVENIA 17
62 52 CHINA (TAIPEl) 57 KOREA 61 SOUTH AFRICA 9

COLOMBIA 12 LITHUANIA 6 SRILANKA 1

—

Overall increase of CERN Users since May 2001: ~ 50%
~30% Member States
~100% Observer States (India, Israel, Japan, Russia, Turkey, USA)
~ 125% Other States
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Very exciting years are ahead of us




