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Problemi aperti

e UNIFICAZIONE
— Perché tanti parametri ?

— GUT 7 Tutte le forze di gauge in un unico
schema di grande unificazione?

e FLAVOUR
— Perché piu famiglie di quark e leptoni ?
— weak mixing ? violazione di CP ?

— compositeness 7 simmetrie extra 7

e MASSA

— Masse originate dal bosone di Higgs 7
perche cosi’ piccole? naturalezza?

— Supersimmetrie?
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IL FUTURO
DIPENDE DAI RISULTATI DI
LEP II, Tevatron e LHC

¢ ELECTROWEAK SYMMETRY BREAKING
SECTOR

Unica area dello S.M. non ancora confermata

e HIGGS LEGGERO ESISTE ?
Standard Model, Weakly interacting,
VEV: v = 246 GeV

— Proprieta: MASSA, ACCOPPIAMENTI

— Ampiezze di decadimento,
Rates di produzione

e SE LHC NON LO VEDE

— E.W. Symmetry Breaking Sector
Strongly interacting
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Progress in High Energy Physics
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1.2, BASIC STANDARD PROCESSES
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Figure 1.1: {u) The basic processes of the Standard Model: e7e™ annihilation to pairs
of fermions and gauge besons, The cross sections are given for polar angles between
10° < 6 < 170" in the final state. (b) Elastic/finelostic Complon scattering and 1y
reactions. /& is the invarian! ey and gy energy. The polar angle of the final slate
particles is restricted as in (a); in addilion, the invariant u*p~ and gf masses in fhe

S0 200 1000

g [GeV]

inelastie Compton processes are restricted to My, = 50 GeV,




e’ e Energy Frontier

2*e~ NEXT LINERR (OLL! DER




Luminosity Requirements

Figure of merit:

_100fb [ afs) \’
"QER T 5 (TeV (a{M;%))

Integrated luminosity needed:
Uf .ﬂif‘ﬂ-} gQED = 1000 events

One year's running, the luminesity requirement i3
£ 2 10% . g (em) ™ (sec) ™

e /3 >~ 10 TeV, requiring
[Ldt 21 ()™, L2 10 (cm)~? (sec)™

e /5 =~ 100 TeV, requiring
[ Ldt 2100 ()7, £ 2 10% (cm)~? (sec) "

Can we really handle these luminosities?
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Status of the R&D on TESLA
L — ————

Advantages of superconducting cavities

for & Jpggrcolider,

Due to low RF losses in the walls of
s.c. cavities

e High conversion efficiency from

mains to beam power

L ] Lung RF Eulse Enssibla

Many bunches spaced far apart
allowing

head on collission

fast bunch to bunch orbit feedback




Luminosity of e+/e- collider is given by:
e=—===-

V& 1
E Ve

L=const-H-P

Luminosity enhancement
factor caused by selffocussing
cm energy of collider

average beamstrahlungs loss
mains power

conversion efficiency mains to

beam power
¢ normalised vertical emittance

at IP

:
To achieve hiﬂh luminnsig :

and

small vertical gnﬁgﬁngg al hP'

are needed

HAMem T




A very relevant quantity in optimizing the
performance of a Linac is the
shuntimpedance per unit length

2
(Accelerating Gradient)
RF loss per unit length

This quantity depends on RF frequency o

for W acc. structures

~Vo

Thus favouring high RF frequencies

For FW%EHL structures it
scales approximately like

®
Ad’+ B

Favouring RF frsﬂuancigﬁ around

i

|

~ 1 GHz |
e




As low RF frequencies are Ersferred

for s.c. cavities
L L R

-

Ideally suited to accelerate

low emittance beam

as emittance dilution by wakefields

is small W1l :-'ma

The combination of high conversion
efficiency from mains to beam power
and small emittance dilution make
superconducting linear collider the
ideal choice with respect to achievable

luminosity




Major challenges to be mastered

so that superconducting linear collider
becomes feasible:

® Increase of gradient from ~5 MV/m

to 25MV/im

® Cost reduction of structure per meter

by ~4 to achieve 2000%/MV

Encouraged by R&D results from

CEBAF,CERN,Comell, DESY KEK,Saciay
and Wuppertal

nucleus of TESLA collaboration decided
in 1991 to set up infra structure at DESY

necessary to process and test 1.3Ghz sc
Niobium cavities produced by industry
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276 CHAPTER 4. TESLA LINEAR COLLIDER
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113 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER
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Figure 1.1: Schematic apoet of JLOC

JLC Design Study, Apeil, 1997
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Luminosity (10%em?s)
Lom. (1%Ap/p) (103em™s™!)

Mean energy loss (%)
Photons felectrons
Rep. Rate (Hz)

10° ¢* ] bunch
Bunches / pulse
Bunch spacing (cm)
H/V g, (10 rad.m)
Beam size (H/V) (nm)
Bunch length (pum}
Accel.gradient (MV/m)
Two linac length (km)
Power / section (MW)
RF to beam effic. (%)
AC to beam effic. (%)

AC power (MW)

40.1
9.8

it.2
1.1
150

154

130/2
1E5/1.75

150
10
29
40.1
2.8

151

27.5
229
40.1
9.8

154

7812
31/0.78

172
m

40.1
B.S



@ No active RF components(no klystrens / modulators)
B Single small-diameter tunnel (3.8 m - same as LEP)
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VLHC

VERY LARGE HADRON Gou,
? DISCOVERY MACHINE® ;

E.-> 100 Ty
cf ~> >l'0-M e s

STUDIATE 2 VERSIOAN!/
CON MAGNETI SVUPERCONDUTTOP

e« HIGH FIELD > 12T

(~ 100 Kiny)

o LOW FlIELD ~ 2T

€500 K

” COST EFFECTIVE” /2.
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Pl>r'| rT.“I LThe Recommendations |

HIIIIA
... The Gilman Subpanel recommends an expanded program of
A& D on cost reduction strategies, enabling technologies, and
accelerator physics issues fora VLHC.
.. identify ing design concepls for an economically and techmically
viable facility.

SE: Since the cost is unlikely to come down by a large amount

with the same way of doing things (i.e. making VLHC by
simply scaling up $SC or LHC designs and technologies),

the charge from VIIT Steering Committee:
.. expiloye and develop irmovative concepis that wilf residi in
significant cost reductions.

wims b Bipta Iruweiver Mmyreit Desigm for Fubere Dollders
B i W e

ik Hi X n-‘.FF-ng.—n Ragipwen! HEP Mardk 54, 1900

Shide 3 of 20




Common Coil Design |
| (The Original Concept)

* Simple 2-d geomedry with large
bend radius (no complex 3-d ends)

= Conductor friendly (smitable for
brittle m st erials - most are,
including HTS tapes and cables)

* Compact (compared to single
apature D2 magnet, half the
yoke size for two ap ertures)

= Block design (for large Loreniz
forces at high Nelds)

~ » Efficient and methodical R&D

AilDee= dueto simple & modular design

Minimum requirements on big
expensive tooling and labor

%. Main Coils of the Commsar Coif Deslpn = Lower cost magnels expected

h i m Linawtee #oznet Deanes {or Frwre Callele
BESRLLETY |LLaE

ol 3

Saperran A% F 4 DO FregramBsdswnf HEP, farch 3. 4 1999

e

slide 4 of 20
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1w~ COLLIDER

Vantaggi Principali

+ ECONOMICO di collider e™e™ a scale del TeV
(LHC) o pp collider

e + PRECISO Stato Iniziale (- ISR) per produzione
in sogha , =Rr_S.

e Polarizzazione u = 0.25
— Bieam a 1077 grazie precessione di spin (g-2)
o Produzione di Higgs leggeri in canale s
s Accoppiamento Higgs = (m,, /m.)* = 40000
e Misura diretta larghezza Higgs
e Fasci di neutrini intensi (210° — 10*) disponibili
— Neutrino factory

— Oscillazioni dei neutrini

— Violazione di CP nel settore dei neutrini
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utu~ COLLIDER

Caratteristiche Principali
> 10%p/s, E(p) = 15GeV
— Bersaglio ad alto Z (Hg jet or rotating target)

— Potenza [ascio: 4AMW

e Cattura 7w, P < 200 MeV/c : solenoide 20 T
e Canale decadimento 7 : solenoide 1T

e Riduzione spazio delle fasi 10°

— “p 1onization cooling”

e Accelerazione:

e Accumulazione : = 1000 giri, L = E(GeV)*6.7 km

Versioni
| | Energia(TeV) | Luminosita(em 2s~1)
0.1 109 = 106°4
0.4 104
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].L*,.a." coLLIDER

CoM energy (TeV)

p energy (GeV)
r's/bunch
Bunches/fill

Rep. rate (Hz)

p power (MW)
pfbunch

p power (MW)

Wall power (MW)
Collider circum. (m)
Ave. bending field (T)
Depth (m)

Rms AP/P (%)

6d s (wm)?

Rms €, (m mm-mrad)
3%, &: (cm)

@, spot {pm)

ag [P (mrad)

Tune shift

Murns (effective)

Luminosity (cm™ s~ 1)

Higgs/year

16
2.5el3

15

2ell
28
204
6000
52
300
0.16
1.7e—10
50
0.3
3.2
1.1
0.044
185
Tedd

0.4
16
2.5el3

15
2el?

120
1000
4.7
100
0.14
1.7e—10
50
2.6
26
1.0
0.044
700
1e33

0.1
16
S5el3
2
15
4
del2
]
81
350
3
10
0.003-0.12
1.7e—10
85- 290
4.1-14.1
86-294
2.1
0.051-0.022
450
le3l-1.2e32
2-4e3
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STEP3

Langa mucn collider (v 5 7ol
Fasl acoelerator 2 in LHG hnnal {2.5 TV

- VTER L

a8 feciory (w8 = P00 G

v lactory — Gimn Sasan E:TEF{

Flg. 1: Possible layout of a muon complex on the CERN ama,
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Figare 2.1.1: Schematical layout of one geadrant of the LO Detector,
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Figure 2.1.2: Schematic luyout of the inner region of the detector,



b

GENERAL DETECTOR CONCEPT

1149

Subdetector Technigue chosen Altarnative Lechnigues
(Radiation Lengths) “a3
| Barrel
| Beam pipe (0.3% Xa) ol
| Werlex detector CCD or APS Silicon sLrip

[1.6% ar 2.4% Xo}

Intermediate tracker

Honeyeomb straw tubes
[0.23%% Xy)

Scintillating filbers

with drift chamber;
Silicon atrip

Intermediate layver

Dioghle-sided silicon strip
(1% Xo)

Maan veacker

Time projection chamber
(3% Xy to outer field cage)

MSGC;
Lilicon strip

[Total thickness (o culermost, tracking radius = 6.1 (CCD) or 8.9% [APS) Xo]

Presampler

Sciptillating fibers

E-A calorimeter

Ph-acintillator Shashlik cal,

Spaghetti calorimeter;
Crystals

Hadron Calorimeter

Cu-scintillator Shashlik

Tailcatcher, muon identifier

Resistive plate chambers

Limited strearner

l

Luminosity calorimeter

Forward

Scintillating fibers in Ph

| Spaghetti calorimeter |

Silicon-lungsten
Shashlik

Instrumented mask

Chaarte fibers in W

Forward tracker

Silicon strip and,or pixels

Farward muon tracker

Toraoids with honeycomb tubes

Table 2.1.3: Technigues chosen for the LC deleelor,




120 CHAPTER 2. DETECTOR FOR THE LINEAR COLLIDER

Suhdetector Radial extent Langitudinal extent
Fenin ML) | Pogs [000] | foenin] [oooem] | #raaxt [mmn]
Beam pipe 20
Wertex detector 25 100 200
{including endcaps)
Forward tracker disca at 400, 500, 1200, 1400, 1600
Intermediate tracker 1M 306 1000
Intermediale 51 layer 300 | 320 1600
Main Tracker (TPC) 320 | 1700 2500
Senaitive volume 380G | 1628 2500
ECAL Barrel 17040 | 2100 23010
ECAL Endcap 235 2100 223010 J300
HCAL Barrel Z210H $000 ) 3300
HCAL Endeap 235 3000 3300 ' AR
Coil Cryostat A0 3750 a23l
Irom Darrel 3R00 a0 5250
Iron Endeap 235 G400 S350 TH00
Toaraid 4040 2000 TA00 8400
Angular range
Bt (mrad] | Bga Imrad] |
TESLA Mask 35 Bl 750 | 250
{eonical part) Touear=02 to 205 mm !
SBLO Mask 25 | 125 160 1300
(conical part) Touier=02 1o 225 mm
TESLA Ceal 30 55 | 2300 2800
SBLC Ceal H 3 | 130 1500

Table 2.1.4: Dimensione of the LT rubdeleciors,
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PRODVCTION TIME EVJOLUTION

N DETECTION

MIXING MATRIX
( uniTARY) U = Y% Y. Y

2 FAMILY EXRAMPLE :
S.)E Cos B Sim @ VI,
(Vf‘) " l-simd® cos® Y,
[Ve> = 50 |¥> —sinb [

(V> = simB [ V) + cosB | V2D




v OSCILLATIONS

MRSS EIGENSTATES TIHE EVOLUTION

-iH_ L =l
M) > =T U - 2 T 4ol

FLAVOUR EVOLUTION @FHH.EEHHPLE)

i (%—h 'L’E_ft) = {4. V), (o) ’ %(;—)?l i
=~ |- 5im20 sim® (i.t?&ﬁ(ﬂfllé-
T E{HW) A

DISAPPERA RANCE

% \
P(%_’ vﬂft) = si20 i ( |27 ﬂ—._: ((lﬂ'j)u'j
MeV

A PPEARANLE

ﬁ-'“l.,l = M:'-'“le
E £ F(I 4-#_41) E,-E -"'“:--w{l
_'EPE I _EP

F :
9 PARAMETERS : Am  sm 20
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