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Hadron & Electron Colliders
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Intersecting Storage Rings, ISR

First hadron collider (p-p)
(approved by CERN Council Dec 1965

First collisions in Jan 1971

) T

10~ N

\s = 23, 30, 44, 53, 62 GeV
L~ 103'cm2s

Most experiments: Inclusive spectra
iIn small solid angle spectrometers =
looking at forward angles. Three
Collaborations looked at large angle

BS, SS, CCR (1973)

Excess at large p;

1D-33 |

Parton-parton collisions?

1073

12210 P exp(-6 p,)

CCRS 1976

p+p — ¥+ arything

« VE =235 GeV
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ISR: the p;® puzzle (1)

Expectations from the parton model:

From dimension arguments the
parton-parton scattering cross-
section should behave as

do A A AD
—=f(t/8)s
7 f(/53)
Then the inclusive cross- ;
section should behave as =
pr* at fixed x;:

o
mlll
| T

3
Ed 03-= 14 f(x,,cos0)
dp”  pr
2
with X = \];T
S

But CCRS data scale as p;®
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ISR: the p;® puzzle (2)

T I I T 1 T, — 1

Force p;3? ; pp—1-X

meson+quark— meson+quark (CIM)
or adhoc “black box” cross section (FF1)
dO'OC 11
i §* & °
Or improve parton model : ‘

Brihsh - Scondinovian  collaboration
edoto ot & - 53 GeV
mdata al 5= 23 GeV

Chicago - Princelen  collaboration
Adata at V5= 23 GeV

e ky <167 CeVi

N o
CCHK 1977

keep natural dimensional scaling for ‘3 o'k
pointlike constituents. e
do o 1 2l T

dl’? §2 E 53 GeV
introduce k; smearing of partons (CCHK): :
l—x 3 ) 10 ;

dG(P%q)zue AdeXdk]% i 23 GeV
X [

\ o8l 1 1 1 | 1 1
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The Split Field Magnet (SFM) Detector &

Can we see the parton jets?
Study full event structure: SFM the first “4n” collider detector. Charged
particles only! 50,000 proportional wires. CCHK

NP B127 (1977)1
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A large p; charged particle trigger (at 20° and 45%was implemented using
the proportional chambers in self-triggering mode.

Michel Della Negra/Split, 5 October 2004 6



Structure of events with a large p; trigger: p; > 2 Ge]

Towards CCHK 1977 Away (p; > 0.8)
45° trigger , towards secondories HseudoTrigger p> 1y(|orgesf B> O
with R > | GeV/c : L
T T t T T T +1++
gl ® (reivi-4) 200 t B
o {++}+(--) + ] .
" 5
iz o
5 al + i Y oot a
- <
5 -
5 i e l L 1 i ] 1
= 3 + 1 é 0 * + y(largest p)<-0.5
. + :._x + +T+ ++ PseudoTrigger p>|1
> + + 2200 I
- 2T ] 3
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.‘“0_33 1 1 | {?'305'..“.“..001 0
-4 -2 0 2 a o
e Rapidity |, ¥y
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Consistent with two-jet structure!
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QCD and Large p; Hadron Production ]

There is a new emerging theory giving grounds

to the parton model: Quantum Chromodynamics

with asymptotic freedom (1973).
a (0)—0 as O° >

Feynman, Field and Fox (1978 ): QCD can

fit quantitatively the ISR data!

1) k;y smearing a la CCHK
2) 2—2 process: qq, q9. 99
3) scaling violations

F(x)— F(x,0)
a, - a,(0°)

 k; smearing necessary to explain the data

at low p-!

» Gluon contributions are needed. ISR jets

are mainly gluon jets!

« Approximate p;® scaling was not

fundamental
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Summary: Large p;: phenomena at the ISR ]

Large p; phenomena observed for the first time at the ISRs are
consistent with 2—2 scattering of point like constituents.

Towards jet biased by

S single particle trigger
— Away jet barely discernible
> - S from the underlying event

* p; 8 approximate scaling was not fundamental.

* At low p; cannot neglect effect of k; of partons.

® Need higher p;s (and higher energies) to “see” jets.

® Need calorimeter trigger (unbiased jet trigger). Calo triggers
also welcome higher E;s (energy resolution). R807 with 2n
calorimetry came too late (1980).
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SppS : a pp Collider in the SPS! ]

In 1976 Carlo Rubbia and others pointed out that the SPS could be
transformed into a proton-antiproton collider capable of reaching a
centre of mass energy of 2x270 GeV and a luminosity of ~ 103%m-2s-.

Exciting possibility: direct observation of the intermediate vector
bosons: W and Z

3 working groups (1977):

1)Antiproton source

2)Initial Cooling Experiment (ICE): S. Van der Meer
3)General Purpose Detector: C. Rubbia
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SppS : UA1 Proposal

The very first general purpose 4n detector (UA1) for a hadron collider was
proposed in January 1978

(:ii ERN/SPSC/78-06

SFEC/P92
PRDPGG&L January 1978

CM-POOO43772 0000 0 0 T
4 47 SOLID ANGLE DETECTOR FOR THE SPS USED AS A PROTON-ANTIPROTON

COLLIDER AT A CENTRE OF MASS ENERGY OF 540 GeV

A. Astbury®, B, Avbert®, A. Benvenuti®, D. Bugg®, A. Bussiére®, Ph, Catz?,

S, Cittolin“, D. cline*}“, M. Corden®, J. Colas®, M. Della Negra®,
E

®

L. Debrzynski”’, J. Dowell”, ¥. Eggert!, E. Eisenharndler®, B. Equer
H. Faissner!, G. Fontaime”, §.Y. Fung', J. Garvey®, ©. Chesquiére®,

W.R. Gibson®, A, Grant", T, Hansl', H. Hoffmann', R.J. Homer', M. Jobes®,

] ]

F. Kalmas®, 1. Kenyon®, A, Eerman', F. Lacava*#}t J,.Ph. Lavgler™,

£

A. levegue®, D, Linglin®, J. Mallet®, T. McMahon®, F, I-:[u.nllerl’*,I A, Mortom”,

R-T-_FDE?, F. Radermacher', H. Reithler!, A. Robertson®, ©. Rubbia*j“,

" r'ﬁ-ﬁ' 3 ]
B, Sadoulet®, €. Salvini ]L, T. Shah®, €. Sutten®, M. spiro?,

. . . A den
K. Sumorok?, P. Watklns3, J. Wilson®, R. Wilson L

(52 authors)
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UA1 Design B

Magnetic Field: B=0 (UA2) or B#0 (UA1) ?
Choice of Magnet: Solenoid or Dipole? Difficult choice. Dipole selected
for better forward tracking (hadron collider # electron collider).

< 7.0m

3 gl '
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UA1 Detector

UA1 was built in less
than 4 years!

APy mre—; SR e | (eees R\ SN, W -
A AT A S| VN SRR -

7% £
W o v s
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63

UA1 Central Tracking

Image Chamber (drift chamber): Bubble

chamber picture quality! (10,700 wires, 20cm drift central chamber
length, 4us max drift time, ~ 300 um accuracy )
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i~ g >
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..:_ o1 - B :: "
> '\.-_'. '''''' R g "
AT
Eyp ‘GeY]
& |U3 qu |F.|:I ode plane

F dn*/dn =39+ 0.3 (1981) *
%’z_- __———=""71 First collisions at s = 540 GeV

o — & Thome af al ISR @pl2)

L e e wae wa 10| ODS@rved in a pilot run in Oct 1981!

oSale &l ol pp [B]

oL . ameemen s | (less than 4 years after the proposal )
* % o o atLl~2x10% cm=s?

VE [ GeW ]
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UA1 Calorimetry

First Physics Run in Dec 1981 at
1026 Luminosity.

UA1 and UAZ2 started to turn on
calorimeter triggers:

YE- triggers instead of Jet trigger!
UA1: 2XE;inn| <3

UAZ2: ZE; in |n| < 1.5 (no endcaps!)
UAZ2 saw the jets first !

(Paris, ICHEP1982):

n=1.5

L

o O

O) -
'-’.

- —

S

o

Fraction of 2-jet events

——

1 )
.| UA11983 |
ml < 1.5 |

N .

‘0 40 80
YE; (GeV)
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In| < 1.5 versus |n| < 3, wont see jet
for In| < 3 until 2E; > 300 GeV
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UA2 first clear evidence for jets (Paris 1982) ]

D

UAZ2 event with the largest XE; (|n|<1.5): ZE; = 127 GeV
(Dec 1981 run, 79 ub1)
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All Events are jet-like for XE; > 100 GeV in |n|<1.5
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dN/dcos0 for 2-jet events

For the 1982 runs (Oct-Dec, 14 nb-’
at L =5 x 10%8cms") localised
energy jet triggers were used instead
of XE triggers.

A large collection of 2-jet events with
E; > 25 GeV (both jets) in |n| <3 was
collected.

From the jet observables one can
reconstruct the kinematics of the
parton-parton scattering and extract

sg=0 —

(do/deosB) /7 (do/deosd]

100 —

—_
[=]

T 177

SCALAR gq & g9f
GLUONS qf

N

Scalar gluons

X4, X and cos6 excluded!
Partons inside protons do N |
scatter a la Rutherford (vector Sewome e
gluon exchange):1/(1- cos0)? coso
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EVENTS

Angular distribution for 2-jet events

| T Ll T T T T T
T 1 I 1 ] 1
a) '
b} TWO-JET EVENTS vs X
500 | .
\ M. =150-250 GeV
TWO-JET EVENTS vs cosO 200 -\\ 2 -
LEADING ORDER G.CD
M, ;=150 - 250 GeV N SCAUNG CURVE ‘
L00 n I s R e S
[V
—
§ 100 -
300 + I , LEADING ORDER 4CD
INCLUDING NON-SCALING EFFECTS
4] L L 1 a1 1 L 1
200 h 1 2 3 L 5 6 7 8 9
LEADING OROER QCD
SCALING CURVE x
100 LEADING ORDER QC(D .
INCLUDING NON-SCALING
EFFECTS
v= (1 + cosB)/(1 - cosb)
1 1 1 1 1 1 1 L 1

o o2 S dy =2 d cosb/(1 - cosh)?

Scaling violations are visible
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Three-Jet events are also there

Direct Evidence for Gluon Bremstrahlung

RUN 7020 EVENT

113

THRESHOLDS PT= 1000 E= 0100 ET= 1 000

e S
/ E;=68.2GeV =~
-

68.2GeV "=

i
’. H” = 2367 CGeV
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E,=76.2GeV
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2
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First observation of W’s ]

Main goal of UA1(and UA2!) was to observe W’s and Z’s as predicted by the
Weinberg Salam theory. In 1982 the mass of the IVBs were predicted to be:

sin” 6, =0.23%0.01 M, =82+24GeV’> M,=94+25GeV”
The W/Z production cross-sections at Vs = 540 GeV were computed in LO QCD

o(pp > W* = e v)=0.5nb (ud W  or ud —W")

o(pp =272’ —=e'e)=0.05nb (g9 = Z")

Hence for the Nov-Dec 1982 run of 14 nb' , ~7 W’s were expected and < 1

Z0!

Indeed 6 W events were found in UA1 and published Feb 1983
UA1: Phys. Lett. 122B (1983) 103

And so did UA2!
UAZ2: Phys. Lett. 122B (1983) 476
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First observation of W’s

1

T LI

GeV L GeV ‘
6 evts e
= .
Swl nojets 4347 | wb
al
T_ T 3k 7 N
> E 20 Ve 1 20
£ 3 /
2 5 10|-// { 1 wf
s ¢ 1 o {# ¢ i
S _ ¢
g _ foﬂ LG | ] 1
« 2
x £ 30 1 30f
7]
Z o 20 201
77
w1 al
T £ 0f {1 w0t ¢ -
2 !
W
g of t w4 o * -
< t
=16 1 1 1 1 -10 1 1 L 1 1
0 20 L0 GevV o 20 40 GeV

a EVENTS WITHOUT JETS b EVENTS WITH JETS

Electron transverse energy
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Electten tronsverse energy

Inclusive electron selection
E; > 15 GeV: find 6 events
with no jet and hence large
missing transverse energy,
E.mss | Events with jets have

- miss
| —no E

Experimental aspects
Magnetic tracking is a
fundamental tool for electron id:
Isolated track in CD
|1 1/Pcp-1/Eqol< 30
B field, 0.7T, a bit weak
Ap/p=%£20% at p;= 40 GeV
Hermetic Calorimetry is a
fundamental tool for E,Miss
measurement.
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A busy W event

No visible jet on the away side!

CPRTT T

ey L

LET T,

LLCTE T N

e

Electron
P=24 GeV

23
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EVENT 2958. 1279,

X 69576

Same busy W event (in color!)




A Quiet W Event

Electron
P;= 36 GeV

! -
) = T r
! o e
| \ T
— e e = .-.r-'""-fl P
—— = o L
—_— — G r",‘;j-f' - H_.,.-// ]
— - - ..-1I-‘ e
Vo e
\
.I‘-. I\.__‘ /.’
1 -~
-7
'No visible jet on th Id
'No visible jet on the away side!
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Mumber aof ewents / & GeV

First observation of Zs |

April-May 1983 run: 55nb™"
Race open for the first observation of Zs! ‘

— s

bl - 4
a) First Level Cubs . |
30 152 Evenkts 7 2 elm C|USterS
20| 1 E;>25GeV |
1u - = F':HT
0 n] i | e T = — .
B aecond Level Cufs 1 Cha.rged
b L & Events 1 track in CD
‘ -
i 1 P:>7 GeV
g L - [—I JJ_E_! B — T
b L 2 Final Cuts J =
. L & Events d 2 Charged _ ] — |
2 | n 1 tracks ) P cuts hel}
0 50 100 150 t a4 \L — P> 2 GeV
. T

Uncorrected invariant mass cluster pair (GeV /c?)

_ - E;>2GeV
“Four e*e" events survive the
cuts with a common value of e*e- UA1: Phys. Lett. 126B (1983) 398
invariant mass” UAZ2: Phys. Lett. 129B (1983) 130
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W/Z Mass and Spin

|

W mass
I -
(a)
W—ev
TRANSYERSE MALSS
14 148 EVENTS
IS
>
[
o W my=B35 GeV st~
|
z |
Z
E,_
Ll
|:| 1 L
20 80 100

my (GeV)

#*
B

17N dNAdeos B

oA

0.6

W Spin

UAT
75 EVENTS
Background subtragted

and
acceptance correcfed

# 2
[Mscosd 4 —

e

=04 =01 [}

cosO

0.6

EVENTS PER & GeV/c?

Z mass

A1
I8 —p'e”

14 Events

{e)

=

M, =930 Ge¥sel

/.

L] 1

]

M(e*e’) (GeV)

1983 + 1984 data, 400 nb': study W/Z properties
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N Er=234 GeV

5\ b
~ N
AN
N
ke
/ \

\
/E,JHGQV

4{
\%

e-:/'/
_

E,= 19.1GeV

Top in UA1? ]
1983 data (108 nb'): Observe 5 isolated

__.electrons + 2 2 Jets events (SM background:

0.1 fake e + 0.15 bbg) consistent with

W —th = evbb (m~40Gev)

1983-85 data (715 nb™'): Observe 7 isolated

/ . .
e 1GeY / electrons + = 2 Jets events consistent with
/
SM background of 6.7 evts
/
Monte Carlo Daia
Overlap Wiz DY hh Total
and JI¥ cé
Conversions r
e+ 0 jets 3 +02 269+2 21404 18+04 338+ 21 34
+0.5 +1.73 +0.72 + (145 120
e+1 jets 55403 53+03 43405 1.6 +0.35 16.7+0.7 19
_ +1.0 +0.34 +1.5 +04 119
'_e+ =2jets 26403 0.8+02 1.1 +0.3 22+045 6.710.6 7
B +05 +0.06 +0.38 +0.55 107
e+ 21 jets 8.14+0.5 61104 54+06 38+06 2344009 26
+1.5 +04 19 +0.95 +2.7
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Top in UA1? ]

Upgrade of the machine. New antiproton collector ACOL. L= 2x103cm2 s

Upgrade of UA1? New em calorimeters U-TMP not ready. Old em calos removed.

UA1 1988-1989: 4.7 pb-! of data muons only.

Table 5. Summary of t-quark searches in different data samples. Sources of uncertainties are discussed in Scct. 4 and summarized in -
Tables 6 and 7 for the background estimate and top expectations respectively

Data Background Expected number of top cvents 95% CL
o limit on m,
m, =40 m, =50 m, =60 m,=70
[GeV/c?] [GeV/ct] [GeV/c?] [GeV/c?] [GeV/e?]
Electrons plus jets 26 26.0 11.7 8.5 4.1 1.5 41
(1983-1985)
- Muons plus jets 10 11.4 1.9 4.7 2.3 0.8 40
(1983-1985)
Muons plus jets 2 28 6.7 6.2 33 0.9 52
(1988--1989)
Dimuon (1983-1989) 2 4.5 6.2 39 1.9 0.7 46

Combining all UA1 data (5.4 pb-'): m, > 60 GeV (95% CL).

But... CDF (Tevatron) had already started its search for the top
and was getting already a better limit: m, > 77 GeV (95% CL).
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The Tevatron era ]

= 900 F
= 800 f
pp — WX E o0 s
E |
_1F = 600 |
] B L
S F i
fas 300 :
L ] L
i~ L
X 400 F
o [
300

-1
10 C
B 200 F
s D@(e) = DO(W)
4 CDF(e) = CDF(u) 100 |
I- UA1 v UA2
1 n:?-I] 35 60 63 70 75> EBO B 90 95 100
Center of Mass Energy (TeV) m; (GeV)

Higher Luminosity:

SPS 10%°—Tevatron 1032
Huge samples available
DO0: 30,000 Ws

M,y = 80.482+0.091
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Higher Energy: Increase the
production cross-section for
massive particles



The CDF detector ]

CDJ ' Y | CENTRAL MUCH UPGRADE Of C D F
? e
™ SOLENDID RETURM YOKE
! -
[EAST} h . .
AT CAF T PAGE] CENTRAL MK
EXTEMNSION
CENTRAL MUON CHAMBERS
FORWARD
MLICH
TORDOS WALL CENTRAL HADROMIC
HADRONIC CALORNETER
FOMWARD CALOAMETER
ELECTAOMAGNETIC
CALORMETER
}!’ CENTRAL ELECTROMAGNETIC
CALORMETER
FOFWARD SUPERCONDUC TIMG SCLENOID
HADRONIC i CENTRAL DRIFT TUBES
CALORIMETER et
CALORIMETER
SEAM-BEAM COUNTERS CENTHAL THACKING
CHAMBER
FLUG ELECTROMAGMETIG CALORIMETER VERTEX TP
BEAMLIE SILIGON VEATEX DETECTOR
INTER&C TN PO

With a Silicon Vertex Detector (SVD) CDF has demonstrated
that b tagging is possible at a hadron collider!
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Tevatron: the Top ]

j2e7tstagged | E);foerﬁtted for CDF 1995
lepton + jets ; ] | it = Wb Wl;_
all ev?n{s Elz : LIy Lqgq
0t N Look for leptons (e or u) + = 3 jets
% 103;— Y PI;']TM q‘f Import_ant feature of the CDF Detector:
s the Silicon Vertex Detector allows to

SEE the b quarks (b tag).

~_ lepton + jets
b tag only

1 2 3 =4
Number of Jets

Background
(fake b-tags)
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The Top is Heavy 175 GeV! B

LovRdlLa LLF R Wik

Without b tag ~ ©DF 1995 With b tag

Run |
) 1 CDF PRELIMINARY (110 pb'l}
CDF PRELIMINARY (110pb™) M = 175.6 + 5.7(stat) + 7.1(syst) GeV
10
4 |
| No Tag required - Dato (34 Ev.) = T
i ___ Data (153 Ev.) | —--- Back. (8.4 Ev.) g [ +
B J ___. Bock. (88 Ev.) 8 - Bl
i : E
| | B .It-.'.'T =
6 I
S S N
n “y 160 170 180 190
i Z Top Mass (GeV/c™)
=
| = 4
= 5
- @ | | =N 0 i -|-~I_|_ IR B
100 150 200 250 300 350 100 150 200 250 300 350
Reconstructed Mass (GeV/cY) Reconstructed Mass (GeV/ic?)
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Summary Hadron Colliders

* QCD looks like the theory 806
of strong interactions ' direct o) PDG 2002

W and Z properties as

expected

 All the known/expected
fermions are there

e All is well with the Standard

Model

PDG 2002

m= 174.3+5.1 GeV (CDF, DO)
m,,= 80.454+0.060 GeV (CDF, DO, UA2)
my,= 80.451+0.033 GeV (CDF, DO, UA2, LEP)
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- all (80% CL)
803

M,, [GeV]
=
i

80.3 +
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Higgs Mass (SM, PDG2002)

Experimental Limits

Direct Search at LEP
my, > 114.1 GeV (95% CL)

Indirect experimental bound
radiative corrections EW
data, m, and my,

m,, < 196 GeV (95% CL)

Michel Della Negra/Split, 5 October 2004

Theoretical Limits
800

800 m, = 175 GeV —

= B
QL

& N

% 400 Agut —

= B l N

200 — —

0 ] | | | || | L | || | ]

103 108 109 101° 1019 1018

A [GeV]

SM self consistent up to Ag = 10'° GeV
implies: 130 GeV < my <190 GeV
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New top mass from Tevatron ]

1 - Hegion

excluded
4 by direct
searches

— All data, with old
world-average Mmp

* e All data, with new

world-average M,

0 —
20

100
Higgs Boson Mass IGeWcEI

Michel Della Negra/Split, 5 October 2004

400

The top mass is drifting up!
New value of top mass CDF Run li

http://www-cdf.fnal.gov/people/links/KoheiY orita/TopMassDLM_public.htm

m,=177.8 +4.5-5.0 (stat.) + 6.2(syst.) GeV

New analysis of DO Run I:

http://moriond.in2p3.fr/EW/2004/transparencies/2_Tuesday/2_1_morning/
2_1_3_Kulik/Kulik.pdf

m=180.1 + 3.6(stat) + 3.9(syst) GeV
Favors slightly higher Higgs mass

LEPEWWG'04
Assume standard model global fit

= My = 1175 GeV
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WW Scattering 1

Michel Della Negra/Split, 5 October 2004

Lee, Quigg and Thacker, PRD16 (1977) 1519
1) Need H exchange to cancel divergences at large s

2) Partial wave unitarity bounds lead to limits on
Higgs mass:

. _8m\2
my <
3G,
G, is the Fermi constant: G, = 300 GeV

= my<1TeV

No lose theorem:

An accelerator able to probe WW
scattering up to Vs=1 TeV will necessary
elucidate the Higgs mechanism in the
Standard Model.
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Higgs Production in pp Collisions ]

®
N J P
o @
p q p
M,, ~ 1000 GeV

V4 E, 2 500 GeV
V4 E, 21000 GeV (1 TeV)
V4 E, 26000 GeV (6 TeV)

1 Proton Proton Collider Ep 27 TeV
@ 10%**cm?s! Luminosity
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he Large Hadron Collider (LHC) &5 Beams  Energy Luminosity
7 | s 14 TeV  103%cm=2 s
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Machine Schedule ]

« Official schedule:
Collisions in Summer 2007

* Dipole production is not
critical
~400 dipoles (32%) cold

tested ready for installation.

 Critical Path:
Repair and Installation of
Cryogenic lines.

e New Machine Schedule:
Dec 04

Michel Della Negra/Split, 5 October 2004

LHC Progress
Dashboard

‘ Accelerator
Techiolog
Fechme |-;1?:.

. Department

Dipole cold masses

1200

1000

200

GO0

Equivalent dipoles

200

0 +HreEEe

04-Jdar-04

a4-Jdar-02

04-Jar-03 01-Jarr0g 04-Jan-05 04-Jar06 04-Jan-07

— Contractual

Callared coils =l [relivared cold masses — Justirrtime

Updated 30 Sep 2004

Data provided by P, Lienard  AT-MAS
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Design of LHC Detectors ]

« Two specialised detectors: Alice (Heavy lons) and LHCb
(B physics)

* Two general purpose detectors: ATLAS and CMS

« Not clear that a general purpose detector could work at 1034
luminosity:
« Fast detectors (25ns between bunch crossings)
« Radiation Hard (more than 10 Mrad forward)
* Very high granularity: minimize cell occupancy and pile-up

« Event size and rate, trigger selection, bandwidth of readout network

« R&D started in ~1990 (Aachen workshop).
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The CMS Detector

CMS
A Compact Solenoidal Detector for LHC

FORWARD MUON CHAMBERS TRACKER CRYSTAL ECAL

CALORIMETER /

4

)

Total weight : 12,500t —

Overall dlgameter: 15.00m -

Overall length : 21.60m

Wagneliofield. : 4 Tesl CMS-PARA-001-11/07/97 s
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The ATLAS Detector

Muon Detectors Electromagnetic Calorimeters

. Forward Calorimeters
Solenoid

End Cap Toroid

B | Toroid Inner Detector _ . N
e Hadronic Calorimeters Shielding

Diameter 25m
Barrel toroid length 26 m
End-cap end-wall chamber span 46 m
Michel Della Negra/Split, 5 October 2004 Overall Weight 7000 Tons 44






CMS Collaboration ]

CMS Letter of Intent, Oct 1992:

443 Physicists and Engineers nustia 0T Bulgaria
23 Countries \ /
49 |nstitutions USA CEy Finland
France
— Germany
Russia _—Greece

Uzbekistan

Ukraine ————=
Slovak Republic —
Georgia // Poland
Belarus Portugal
Korea

Armenia =~ Turkey Brazil
Serbia China, PR Spain

Pakistan China (Tai _
Ireland ina (Taiwan) “Switzerland
Iran

India Croatia
Estonia Cyprus

New-Zealand

CMS RRB Apr 2004
1976 Physicists and Engineers

April, 05 2004/gm 36 Countries
http:/cmsdoc.cern.ch/pictures/ Joverview.html v
p://Icmsdoc.cern.ch/pictures/cmsorg/overview.ntim 1 53 |nst|tut|ons
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LHC Detector Innovations ]

LHC challenges have led to dramatic detector progress

 Precise and fast Electromagnetic Calorimeters; high granularity
(~100,000 channels), radiation hard.

« ATLAS: Liquid Argon — “accordeon” for high speed operation

« CMS: PbWO4 — fast crystal calorimetry, radiation resistant;
more precise than Lar, but more difficult to calibrate.

* Huge Supraconducting Magnets

« CMS: 4T Solenoid — HPD, APD photodetectors working at 4T

« ATLAS: Muon Toroids — precision momentum over an
enormous volume.

« All silicon tracking — 200 m?( 10 M strips, 60 M pixels)

» Silicon pixels at p-p colliders for b tagging.

» Deep Submicron (0.25um) electronics — radiation hard

» Optical data transfers — fast, hermetic - Gigabit Optical Links.
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Physics at Startup ]

ATLAS and CMS will be ready for first collisions in 2007.
Example SM Higgs Discovery Reach (56): ATLAS +CMS

102 | H T T | 1 A S O B B
- / \ LHC 14 TeV (SM NLO Cross Sections) ]
— 433 ~rr-2e-1 : : # 10fb! per expt.
At L,=10% cm~s : __ -
1 month _~ 0.7 fb_1 1 T snanfnunns uuuuuu;:.:,nuuuuu- BN EEEAENENENN N NS NN AN
At Lo= 31033 cm-2s-! % %m; 3 months (80 fils) E
) = 2e-1 7]
1 month ~ 2 fb-? £ [ :
w3 -
< > | .
Assumptions: 14hr run = ]
and 10hr to refill <z2ap . how E
i.e. 1 fill/day E : . nL g
t, ~ 20 hr, Efficiency of 2/3 E '\ -------- e lile e
-~ 1115 GeV 1
10— | 1 1 I 1 e e °
100 200 300 400 500 600
MHiQQS [GBV] |
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Conclusion -

Hadron Colliders are discovery machines.

* ISR: large PT phenomena, first indications of strong parton-parton
Interactions.

« SppS UA1/UA2: Jet Physics establish QCD as theory of strong
interactions. Confirmation of the EW theory with the observation of
the IVBs (Ws and Zs) and the study of their properties.

» Tevatron CDF/DO: Discovery of the Top quark. The top is heavy!

« LHC CMS/Atlas: Probe the 1 TeV mass scale for the first time. The
Standard Model has been precisely tested at LEP. Theory needs
experimental input.

There are no firm predictions: Higgs? Supersymmetry? Extra-
dimensions? Something new will be discovered, we don’t know
exactly what and this is very exciting.

Rendez-vous in 2007 for the first collisions at LHC
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