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1991.12
1992

1994.12
19955
1996
1996.12
1997.12
1998.5

History of LHC
(Large Hadron Collider at CERN)

Council LHC approval in principle  cConstr. cost ~ 2000 MCHF
EoI, LoI of experiments

1993.10 Termination of SSC

Council LHC approval Construction in 2 steps (10TeV > 14TeV)
1-st capital cooperation from Japan (¥5B)

Cooperation from India, Russia, Canada Approval of ATLAS and CMS
2-nd cooperation from Japan (¥3.85B) Construction in 1 step by 2005
Cooperation from US ($200M)

3-rd cooperation from Japan (¥5B)

2000.11 LEP finished operation

2001-2002 Construction cost problem > LHC start in summer 2007

2006.6

900 GeV run from Nov.2007, 14TeV physics run from June 2008



LHC Physics Prospects Then and Now

Oct. 1992
LHCTo#pme O 1?

From my talk at JPS in Niigata

pp collider

- Higgs#iF#R% (80GeV<M <1TeV) /

strong Higgs sector (technicolor?)

MSM~ok = EW st 4 mmxmtm;:m-’

Cmain streaw ) | MEChanism of EWSB
- SUSY Higgs (h, A, H, HY)

~SUSYHIF (6,8, ) |
- top quark

- BB DM R (WWy coupling, ---)
- Extended Gauge models (Z'fiF)

L

- quark D& (~107"%cm)
- CP-violation (B4 — Ja Ks

- unexpected new physics

May 2007

Little Higgs, Higgsless, --

AMSB,
Extra dimensions

(large, warped, universal, --)
Black holes

Light Higgs
Vector Boson

N

A

SUGRA, GMSB,
split SUSY, --

A




LHC Machine Parameters

Proton-Proton Collider

Circumference: 26.7 km  (using LEP tunnel)

Beam Energy: 7 TeV  (Injection E: 450 GeV, PS>SPS->LHC)
1232 MR dipoles B=8.33 Tesla, L=14.3m, 1.9K (2-in-1 magnets

368 MR quads B'=223 T/m, L=3.1m

No. of Bunches: 2808

Bunch spacing: 24.95 ns o B B

Bunch size at IP: 16 urm /5 A0 AN\ —
Bunch length at IP: 77 mm ey . =R sl
Half crossing angle: 160 prad | »
Luminosity: 10%4cm-—2s-t

Heavy lon Collider

Pb-Pb E_,: 1148 TeV
Pb-Pb Luminosity: 1027 cm—2s-1

~23 pp collisions/c@




LHC Progress
Dashboard

Cryodipole overview
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—Mlgnﬂ temperature (aoverage over secior)

CERN Press Release (10.Apr.2007)

The first sector of LHC has reached
a temperature of 1.9 K,
colder than deep outer spacel




Fermilab Director Pier Oddone has called CERN Director General Robert Aymar to explain
that addressing the LHC magnet problem has the highest priority for Fermilab
and that the laboratory will do whatever is necessary to get things back on track.




(Revised) LHC schedule

m Last magnet installed
Machine and experiments closed

m First collisions (s = 900 GeV, L~10%° cm?s1)
Commissioning run at injection energy until end 2007,
then shutdown (3 months ?)

m First collisions at \Vs=14 TeV
(followed by first physics run)

Goal : deliver integrated luminosity of few fb! by end 2008

: March 2007

2008 Accelerator Schedule

: 31 August 2007

: November 2007
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: Spring 2008
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L. Evans (CERN Council, 23/6/2006)

]
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m Before the IT problem, we were about 5 weeks
behind schedule.

m Once the full extent of the damage is known and
the in-situ repair validated, we will publish a new
schedule. It now looks unlikely that the engineering
run can occur at the end of the year but all effort
will be made to maintain a physics run in 2008 as

foreseen.
L. Evans (RRB, 23/4/2007)

L HC Physics

I He Maching Development

L H Sstup with baam

— T

2008 draft schedule




General purpose detectors
for pp collisions

Electromagnetic Calorimeters

Mizon Detecions

Solenold Farwand Calosirmeters

Length : ~45 m

Diameter : ~24 m

Weight : ~ 7,000 tons
Electronic channels : ~ 108
Solenoid: 2 T

Air-core toroids

+ LHCb, ALICE
(and TOTEM, LHCf,
MOEDAL, FP420, --)

Length : ~22 m
Diameter : ~14 m
Weight : ~ 12,500 tons
Solenoid : 4 T

Fe yoke

Compact and modular



Detector elements

ATLAS

CMS

Si pixels + strips

Si pixels + strips

TRACKER | TRT — particle identification No particle identification
o /pt~ 5x10 pr© 0.01 o /py ~ 1.5x10- p; © 0.005
Pb-liquid argon PbWO, crystals

EM CALO | 0/E ~10%/4 E uniform o/E~2-5%/yE
longitudinal segmentation nho longitudinal segmentation

HAD CALO Fe-scint. + Cu-liquid argon (= 10 A1) | Brass-scint. (=2 5.8 A + catcher)
o/E ~50%/J E®0.03 o/E ~100%/4 E © 0.05
MDT, CSC, RPC, TGC DT, €SC, RPC

MUON o/pr~7 %atlTeV o/pr~5%atlTeV

standalone

combining with tracker

10
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A - ATLAS baf'rel toroid (wor'ld'r
2y T . largest s.c. magnet) reached
“||;|“‘“ . % | full field(20.5 kA) on 9.Nov.2006

S k - Barrel calorimeter (LAr EM +
= HAD Fe/Scint. Tilecal) in final
position at Z=0 since Nov. 2005



Feb. 2006

A
P &

agh T

Feb. 2007 |

i ak

End-cap calorimeter: dp Ly . i
(LAr EM + HAD + Forward inside same cryostat, e -~
surrounded by HAD Fe/Scint. Tilecal) End-cap toroid:

being moved inside the barrel toroid cooling down and tests on surface,
> All calorimeters ready installation in June (2-nd one in July)




Barrel Si detector(SCT) was inserted
into barrel TRT in Feb. 2006.

A problem in the cooling system(Feb.2007)
will delay the installation of the end-cap
units, pixels, ECT > critical path now

w s

Three completed Pixel
disks (one end-cap)

CeTral Solenid:
fully commissioned (2T) in-situ in Aug.
2006, and field mapping meas. done




/|Big Wheels EESEESUE L0,
Assembly B |

V/
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—

{ T6C (Thinap Chambe) for L o — - .
Forward Muon Trigger = =7 I #NCEIA of barr'el muon chambers ms‘ralled)




300

200

| ~_ A inbarrel SCT+TRT

| } ATLAS
Preliminary

A¢ (TRT track-SCT track)

100 |

|
belad bty L1 I-"'"|I\.-|J e | 1

20 100 10 20
'¢||-|-'|-h¢|hl.'1 [Inrﬂd]

and
in barrel LAr+Tile |

and also
in MDT+RPC(LVL-1)+Tile




ATLAS Installation schedule version 9.1

20-Apr-2007
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- Compact and modular

- Assembled at the surface and
lowered in the cavern piece by
piece by "gantry” crane

— "15-piece jigsaw puzzle" (A. Ball)

YBO lowering
(2000t)

e —




Magnet Test and Cosmic Challenge (MTCC)

Cosmics run of a ~full detector slice (few percent of CMS coverage) inside 4T field.

Test: detector installation and closing; magnet commissioning and field map;
combined operation of full chain detector-electronics-DAQ-trigger-DCS-software
identical to final experiment; timing, calibration, alignment procedures
= very successful
7, — now playing "jigsaw puzzle”

)/ *

A cosmic track recorded
at full field(4T) in a “slice”
of CMS detector
(Aug. 2006) 18
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Inner tracker: ("16-th piece")

~ 220 m?2 of Si sensors
10.6 million Si strips
65.9 million Pixels

» Assembly of all 16000 modules completed

* Integration finished and commissioning
with cosmics on-going

* Installation at Point 5 in Aug. 2007

(Pixel detector will be installed in the
first quarter of 2008, and be ready
for the first physics run in 2008.)

& i ! . e

One TEC (9 disks
completed

Outer Barrel TOB

| TIB lay

er 4 @

.
=

End-cap TEC

o



Electromagnetic calorimeter

Barrel :
All 61200 crystals delivered
35 (out of 36) SuperModules (SM) assembled
All SM will be installed undeground by end-June.
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PR End-cap:

' Schedule driven by crystal delivery
= ) '- _ (last delivery in Feb.2008)

2 barrel SM installed [EESSES S Full end-caps ready for 2008 physics run

inside HCAL for MTCC S




"8 'WLcG Collaboration

' ~ ~2 MB/event
- T ~200 Hz
- 4 LHC experiments (— large amount of data) ¢ Balloon
- ~120 computing/analysis centers in ~40 countries | GO
- Computing grid infrastructures:
EGEE, OSG, Nordic 6rid cltD stachH\gight |
(— Interoperability is crucial.) 20 Kkmy
\ -
-
E
g
Concorde §
(15 Km) ?"
" GGE'E Mt. Blanc §
OREoodloncE (4.8 Km) %
<

/- NORDUGRID
i [ e,

el

e A map of the worldwide LCG infrastructure operafed by EGEE and OSG
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WLCG: Distribution of
Computing Services

Tier-0O (CERN)

- Data acquisition & initial processing
Any Tier-2 may [, == . - Data storage
Sroans Al | - Distribution of data > Tier-1 centers

any Tier-1

Tier-1 (11 centers)
- Data-heavy analysis
- Data storage

Tier-2 (~100 centers in ~40 countries)

iLfs. 6rid Activity - Simulation
=>=] - End-user analysis
CPU Time Delivered Disk Storage Used BATLAS
OALICE

all over the world

- : 8 MSI2k | ] 25P8 _
§ = i éqﬂ-ﬂ:ﬂ:ﬁ x 2 (end 2007) o .
2 *'%ﬁﬁ i 2 n;;:ﬁi 000 x 3 (mid 2008) distributed in

P . m . 0.0 _— ."'.'_'.H.H.H.H.rl.rl
555353854888 555358838588
month - 2006 - 2007 month - 2006 - 2007
Tier-1s and CERN . . |
=  (CPU usage increased by factor of 2 over past year FGC|n9 GnOTher' blg ChCl“enge.

Disk usage by a factor of 4.9
23



SM Higgs Boson Search

Higgs boson mass (Mar.2007)

http://lepewwg.web.cern.ch/LEPEWWG/
m . =144 GeV

6 'H
% (5) ]
50 Al = i
. = 0.027V5E£0. 000325
=== 0. 0274240.00012
4 - -+ incl. low Q° data -
3 _
2 -] —
1 _
0 Excluded ;= & Preliminary
30 100 300

m, [GeV]

Now, Higgs boson mass is lower:
my between 114 GeV and 144 (182) GeV

Top quark mass (1994)

LEF + 51D + Colliders + vg

I -.. I "1 T T T T -J :1
25 .
20 -
151 My =1TeV _

My = 300 GeV

My = 60 GeV
][I B | | | |
100 150 200 250

M (GeV)

Maybe history repeats - - -
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http://lepewwg.web.cern.ch/LEPEWWG/

If history repeats, =--

N 25— HoZZ* se'e e'e my, = 130 GeVic?

o - CMs B my = 150 GeVic?

E - L m, = 170 GeVic®

o~ 20— 100 b Z2Z' +1i+Zbb
a
g o |
H 2 150
— — - 5
% =
10f—
9 S T
m -
5

_IIII IIII|I|IIIIIII|IIIIII I|||IIIIIII|IIIII ﬂ”

100 110 120 130 140 150 160 170 180 1 200
m,_ (GeV/c

ATLAS Physics TDR (May 1999) CMS Physics TDR (June 2006)
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C Higgs MH=J4D GeV (x10)

H N W [ Higgs M,=130 GeV (x10)

[ Higgs M,=120 GeV (x10) —

Higgs M,=115 GeV (x10)

1 fb'l [ ee Drell Yan

[ jets pyq > 50 GeV

[ y+jets (1 prompty + 1 fake)

[ y+jets (2 prompt v)

[ vy box

8

s H— vy BG subtracted

b
=
2

100 fb!

g

Events / 2 GeV

17500

Events/GeV!
3
[—]

[ | |

g

15000

12500

Signal-background, events / 2 GeV

=

N (I |

=
=y




VCCTOF‘ Boson FUS'On Pr'ocess D.L.Rainwater, D.Zeppenfeld, K.Hagiwara (1999)

evts / 5 GeV

Feature of VBF Process:
-Cross-section is lower than the gluon fusion process
High P+ jet in the forward region
LN -Higgs decay products observed in the central
rapidity gap (no color flow)
=> Large reduction of background

H — yy +0j
qq H — qq T7T E G: irred. BG | §
s B: red. B6 £
— qq 2vv 2vv L. h 5
& 3
— qq 2vv hv b §
2h
8 g 25
7 ;E 20 L=30tb™ J
6 E . 100 105 110 115 120 125 130 135 ;:;(::\:]so 100 105 110 115 120 125 130 135 1“4:(16‘:;]50
5 2 15 5 L ATLAS
3 10 . E
2 g Signal(120GeV)
1
0

80 100 120 140 16 ' 180 O et 105 120 A0 150 05 500 520
Mr11(GeV)

m__ (GeV)

70 80 90 100 110 120 130 140 150 160

ATLAS Myy (GeV)



Signal significance

—
=]
%)

10

SM Higgs boson discovery would be made
in early years of LHC run (2009/2010?)

@

1 H- vy QO 41
[Ldt=30fb = uH(H - bb) = CMS, 30 fb
(no K-factors) 4 H - zz" - 41 8 i
ATLAS H - WW" S vy = sal LO 2

qqH — qq WW" — Ivlv — I i
4 qqi — qqrt g-) NLO i A *
qqH — qqZZ — llyv = el 41
® qqH — gqWW — Ivjj w EERT Y
e— - al
—— Total significance 8
= 10—
e
=
1]
]
)]

10 10°
m,, (GeV/c))

For low mass Higgs, studies of various
decay channels are possible, as well as
the measurements of mass, - - -

< m 3 % s 8 0O o

\

A HOZZ5lvy,

S5cat10Tb

.........................................................................................................

H—yy inclusive
1iH,WH,H—bb

H—ZZ*/ZZ— 1T

H—WAW AWy v,

ggH, H — v*t — lepton+t jet

ggH, H — vy
ggH, H-WW—ly

1

200

300

500 700

2
m, (GeV/c")
a\q‘ T T
5 CMS, 30 fb”
=
\I
= 1
Q r
107 |-
—e— Hoyy
—— H—ZZ—4l
10*2 A T T A A | 1 |
100 200 300 400 500 600

M,.GeV/c
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mm (GOV)

Discovery Potential of SUSY

(MSUGRA)

1200 -

1000

800 -

600 -

400 -

200 -

TH

Ldt=1, 10, 100, 300 [b
A =0, tanfi= 35, u>0

__ B(3000)

MBS

(1o,

e

.............................

No EWSB
P/Tevatron

T

EF(100 o) Gl

500 1000 1500
m, (GeV)

oD 210

max(§.q) ——
_ (g.q) J <= (high) Pt jet

min (§,§ ) ————
l/ R
xx \L L
ﬂ-‘? e — lepton
& (missing) B
Higgs->bb

If low energy Supersymmetry exists,
LHC will almost certainly observe it

Squarks and Gluinos detectable up to
2.5-3 TeV mass with 300 fb-!

Need only a short time to cover
the interesting region for Cold DM

10° Jets + 1l "‘ETmiSS ;
0 M@ ~ TTeV] g |

A W+lets
WV Z+lets
B aoco

102

10

%\

-
1 0'1 i // % : ; i ?1 E 1 L L L L1
0 500 1000 1500 2000 2500 3000 3500 4000

My (GeV) = D E; (i) +E,™
i=1,4 28




If we are IUCky, —-=-= 0 — m (¢¢) spectrum
end-point : 109 GeV

;™ || exp. precision ~0.3%
~ =
A "
g 2 EE )(f 2
w oo
4 unknowns g / D by i
0 Ju i) 100 130
r.1"[Gn'l."|
c . 1Ymax
=TT m(e) spectrum o o M spectrum | DB
L - | end-point; 552 GeV g etk :
1| | end-point: _479 GeV B ision ~1 % exp. precision ~2 %
F: / \ exp. precision ~1 % | . @@ [ | ©XP. precision °f L :
EI“II B g E.ZlIl ‘\Il
E _ \ | é 1500 _— : - E [ _
B ' - A . Z B '
Ezu:t:l— _ \ - glum_— _ _ Em— 1 -
: \ - 3 | - / P
,;,..I...I."‘-a.l..... | | - 0 ==

I L i1 I = Fa——|
o 20 400 @0 B0 100 "o Zoo 40 om0 B oo o 3™ dm  om EW lom

My (G2
M (G My iG] q

4 constraints — We can determine the masses.
(3-12% for 700-800 GeV squark, gluino)



Events/0.02/10 fb

If we are very lucky, --- (emss scenario)

NLSP= 77 and T ==

| L

ep and fig are also long-lived

=>» stable heavy charged leptons
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EXTr'a DlmenSIOHS Large Extra Dimensions (ADD)

(TeV scale gravity) - Gravity in bulk / flat space
- Missing energy / interference / black holes

Warped Extra Dimensions (RS)
- Gravity in bulk / curved space
- Spin 2 resonances in >TeV range / black holes

TeV Scale Extra Dimensions
- Gauge bosons / Higgs in bulk
- Spin 1 resonances in >TeV range
- Interference with Drell-Yan

Universal Extra Dimensions

E(jet) > 1 TeV - Everybody in the bulk!
- Fake SUSY spectrum of KK states
E il E JWiev), jWinv)
10000 e
T E Zfw) 25:_ 1 Randall Sundrum Graviton ! _I IM

G—ee

----- M1 Mg =4 Tew
w— M2 My =4 TeW

== total background

CMS: Full Simulation
and reconstruction

® signal =2 My =4TeV
o signal =2 My =8 TeV

& signal 3=3 M, =5TeV 15
signal =4 M =5TaV r

-
]

¢=0.01 and f L=10fb"

-

povod cvenwld 1ol o

Events/50 GeV/100 '

One experiment
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Black Hole Production at LHC

S - - - -
bl T v v bl bl vy

=k
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L |
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III'IIUI = 2
Mg, (TeV)

parton

Simulation of a mini black hole event with My, ~ 8 TeV
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- Leading to the study of quantum gravity
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Summary of LHC New Physics Reach

SM Higgs

MSSM Higgs

SUSY (squark, gluino)

New gauge bosons (Z7)

Quark substructure (Ay)
*, I*

Large ED (M for n=2,4)

Small ED (M)

Black holes

M(top quark)

My

CP-violation in B-decay

Rare B-decay (Bs 2> up)

100 GeV ~ 1 TeV =—
covers full (m,, tanp)
2.5-3TeV (300 fbl) ——
<4.5TeV (100 fb)

< 25/40 TeV (30/300 fbt)
< 6.5/3.4 TeV (100 fb)

< 9/5.8 TeV (100 fb)
<5.8 TeV (100 fb)
<6~10TeV

oy~ 1GeV (~ 0.5 %)

oy ~ 15 MeV

o(sin2p) ~ 0.016 (30 fb?)
~ 56 (130 fb?)

—> Discovery for sure
+ some measurements

—> can say "final word"
about (low E) SUSY

Both experiments can
cope with the new physics
possibilities which were
not even foreseen at the
beginning of the project.
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Discovery/Luminosity Roadmap?

...................

Integrated luminosity (fb™)

..........................................................................................................................

= —

i O | S x
: : : % : N : : é
e 10-20 |11 400 fbrtfyr [~ 1000 fo-tiyr [~ ;
= oy | Y — T
= < > [« —> 5 «— >—-- | £
— ; ; ; : S
01 | I* | | | | | | | | | | | | | | | | | | | | | | w

; 1009 2011 2013 2015 2017 2019
Accumulated by year

First physics run: O(1fb")

Next 10 years would be a very exciting period
in the history of Particle Physics (and Cosmology).
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