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1.- kv OF THE WoRkiNG GRDOP |

(As T see IT)

¥ GLoBAL GoAL :

Assess Twe PHYSICS OPPORTONITIES OF A MUoN
COMPLEX AT CERN

o

e TNTENSE MuLUON BeamMg

PRECISION MUON COLLIDERS]

Hicw ENERGY MUON  CoUUDER

PHYSICs PROGRAMME NoT
COUSTANDINGLY DIFFERENT
FROM THAT OF AN ote~
: N COLLIDER. NO EXTRA-NEED
S ) .
\MA'N EMPH‘A 1S FOR MOTIVATIONS WHEN
FoR THE WORKING GROUP ALL THE REST IS DoNE |

x SEVERAL QUESTIcNS To 8E TREATED N DETA\L

- 1S THE OHYSICES oUTCOME SUPERIOR ToO
THAT OF LWC /nNic/ BY wounider ?

(z=F Yes) ‘
=~ 1S T SUPERIOR ENOUGH To JusTIFY THE

BUILDING OF PREQISION MUON COLLYDERS
AETER LHC ( AND MAY@e NLc) ?

(F YES) . : . .
> s sSuvad A COWIDER FEASIBLE WITH THE

SPECAFICATIONS  (LuMINOSITY , ENERGY SPRERD . --)
IMPOSED BY THE ABoNE 7

QF VES) . 2 . '
— TS IT AFFORDABLE ! (WMPARE THE COST AL

To THAT OF A v FACTORY WRT NLC + 5% (oLLIDER)



|2.- Stme O Tue AR:r[

ANSWER To Tue LAST ThREE PoinTs . MosTLy (Nknow!

CosT . ?

-

v . FeR THE C.DLLl‘PE—R‘. / MOSTL.Y O.S.
FEP(SI DILTY: NoT MucH DoNE
[EVQL\},'N G FAsT‘] N (-i— ECFA S7To :D‘/)

A Few TSsuES ADDRESSED !
(BASIC PRINCIPLES + A couPLE OF M.C. STUDIES)

o PRoTON Souvkce

e [RARGET

e T/ |t ColLeEcTion

* MuoN COOLING , BUNCHING

e NuoN ACcELERATION To ~ 20 GeV

—_— — TO S0 GeV AND MORE

® -1 -

e ColLIDER
* FiNAL Focus AND RACKEROOW DS

<BLUE : NEEDED VYor A vy- FACTORV)

RED : sSPeECiFC T0 ColliDERS

wW¥ MANy  PRORLEMS To BE OMNDERSTOOD
PAND WORWET muyT



Possible Layout of a miwon complex

on the CERN site

Large Muon Collider (/s = 5 TeV)
ast Accelerator 2 in LHC wnnel (2.5 TeV)

Fast Accelerator 1 in SPS tunnel (400 GeV)

As anticipated:

« the collider rings would be small,

» the accelerator complex would fit nicely in the CERN site,
« it would make an optimal use of the existing facilities,

« with a reasonable amount of civil engineering.

Paris, Febroarg 35, 1094 Wi Patriek Jenot
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Puysics MOTIVATIONS : Tuey SeEw o BE Tuere |

(ESPECLALLY 1€ TUE WIGES Boson
Bxists AND is p@HT.-.)




e h
“\
,

A ptu~ collider can do things that an ete™
collider cannot do.

. Larger coupling to Higgs bosoms
by a factor m,/m,:

o(utu~ — h) ~ 40000 x o(ete” — h).

= Discovery/study of Higgs resonances (h, H, A).

(Would need several centre-of-mass energies, and therefore,
several collider rings, but the acceleration/cooling stages
and the rest of the infrastructure would remain the same.)

. No beamstrahlung, less Bremsstrahlung
= Beam energy resolution can be excellent;

Down to 310~° = Precision Ph.xsics at the Z peak, at the
WW threshold, at the ttthreshold, ...

. Muons decay and are maturally polarized
= Almost infinitely precise energy calibration

with decay electron monitoring;
The whole energy spectrum con be known.

(uUniguE ) Physics programme
Eh for 2—3 decades

Requires vigorous RED programme
to reach the desired performance

N
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ECFA STudY — Quitk” oNERVIEW OF —THE
SUPERIOR Puysics CAPARILMES
OF PRECISION MUON CplliDER.

e Wices Waory

ASSOMED :
3\ -2 _1
(> & 2 10 wn’s
- SEf & P“/mu ~N 30070
} — No DETECToR BACKGROUN DS

)

— ExcELENT ‘o- TAGGING CAPABILITIES

L —> N¢  FPorarization

AnD WMy o Mo Cst)l/ca

!

\Wices LINESHAPE MeAsureEM ENTS |

Pt b
> <
P b

0
P, T, qpmh
wth a scan in VS
Few 4000°s W/ year )

So WHAT ?



3.-Precision Muon Colliders

a. The Higgs Line Shape

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

| mp = 110 GeV | Measure:
1 T=3 MeV Born (25 for Yo 2)
1. The mass my;

2. The width I'y;

ﬁ\ ISR . 8. The cross section

aopea.k 12'BR14;.¢BR-bb,

e = brﬁ)

Cross-section (pb)

— e
10998 109.99 110 110.01 110.02
Ecx (GeV)

= Need to know with precision:

T s
1. The beam energy; 5
(for the mass) 3 B \
2. The energy spread; % \
(for the width, but also \
for the cross section) »
3. The integrated luminosity; \
(for the line shape; L R A S N
not crucial, though) \
u-TYﬁ -6‘v"-5 -4 -3 -2
\ log JAER)
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Results:

For a beam energy spread of 3107 and 410'2 muons per bunch,
and for each muon fill (1), the following statistical accuracy can
be reached:

« 1077 on the beam energy (5 keV);
« 31077 on the energy spread (0.5% on o{u*u~ — h));

« 1074 on the polarization;

and is limited by the uncertainty on g, — 2...

A scan of the Higgs resonance would then give:

o T -
8 30 B S YRS SN HONSOR: F—
3 IT? GeV Higgs
‘E[" 25 e PYTHMGIM"
E 20 Foro ®... Fitted, mpu‘m ........ # ....................................................
; 15 --.-...--.........-..-..............i ................ *' ........ I‘

10 -.,,.&:!‘. ..........

5 ............... R i. ......' .+..4§...........

0 -

-5 %.+. ................... , ................... 1 IS 0. 9 h
: 'l = R 3 l o 1 L K | l i A Il ] 1 (] 1

109.98 109.99 110 110.01 110.02 110.03
2 WBeam energy, GeVic?

Observable| Accurac
3[:

Opeak +10pb / (5% for 100pb~")

m, +0.1 MeV /2
Iy, +0.5 Me (20%)
L (with a three-point scan only)

XXXIVth Rencontres de Moriond -20- Patrick Janot




OUTSTANDING CONSEQUENCES :

v - PREcSioN TESTS ofF THE STANDARD ModEL,

V' = RELEVANT CoNSTRAINTE ON THE HEsM
(FOoR (NSTANCE )
WV - PREDICT My, \F NoT Too HEAVY

Gk THE ™MSS™ FRAMEWORWK)

Go FPor

e A SECOoND h G6S FAQ——QRV C\L-S—‘E.'mﬁ,m;\)

P*> b
_ WA
P / <.g

—~ PRECIGION TESTS ©F THE MssH

?7 —> PRE DiCT ¥a0(3
' MEASULRE

9 v P ViowTioN STUDIES N THE hGES RECTOR,

¢ QUitk look AT oTHER WACIORIES (Z,ww,tE)

« . ¥
No NEED PR OUTSTANDING SE /e l
HIGH LOMINGSITTY ~ FREE

P Z A0 JMQRE STUDIES
PoLaruzpzioN NEEDED




Assume that LLHC found omne standard-model-like |
Higgs boson (nothing else) and that an eTe™ linear !

collider studied it with 500 fb—1.

Observable _ Accurac
m, +100 MeV /c
+7fb = £20%
o(gg — h)BR(h — vv) (theory uncertainty
on the cross section)
- +2.5%
o(ete” — hZ)BR(h — bb) (theory uncertainty
- the pole b quark mass)
olete” — hZ), with Z — ¢£+¢- +1%

Question: Is it the first sign of supersymmetry?

g 1) g

x? of the LHC and LC
measurements with respect
to the standard model
in the (m,,tan3) plane. 1w

Ansabisleriocde e g g e i g ety g

(50,40,30,20, contours)

eeilaiinli;

vvvvvvvvvvvvvvv L

{(Note: A Susy scale of 1 TeV and the 200 400 600 300 000 1206 1400 (600 1300 2000
mazximal stop mixing were chosen here) m, (GeVk?)

XXXIVih Rencontrves Je Movwond
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“What a precision muon collider would bring:

1 L —

H
1.- With 100 pb-1:
A 5% measurement does

better than the 2.5% and
1% LC measurements!

Why?

- ,
200 400 600 SO0 1000 1200 1400 1600 1800 2000
m, (GeVic’)

The p*pu~ — h — bb cross section varies much faster

with the hbb coupling than the h — bb branching frac-
tion = Take more luminosity.

2.- With 10 fo-:

Would need ten times more
luminosity than in the present
collider designs

m, < 2 TeV/c? covered.

(No systematics due to my)

400 600 350G 1000 1200 1400 1600 1800 2000
m, (GeVk?)

B e TEE TR ~ JT S ST - S S 3 i T
NEXIV Henrontres de Raorignd s Patrick Frnot




" Two possibilities:

1. Put a lower limit on m, if very high;
2. Measure m, if small enough!

For instance, for tan 8 = 10 and m, = 300 GeV/c%:

"o \ . \
o e AN I B T\
R AN e B A
- FPMC, ‘ T~ _
300 pinkadil IR | Y <53
»3 s ’ » _;1 s s ’ P -:1
With 100 pb-!: With 10 fb-':
g §*
S S
g0 \ ac:uo:
32 N mq
280 290
260 —— 260 }r
97 93 99 10 101 102 97 93 99 10 101 02
e g

m, 18 very much correlated with tan 8, but also with the other
rarameters of the MSSM:

= om, = £1-10 (stat.) + 60 (syst.) GeV/c?

- 7
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b. The Second Precision Muon Collider (/5 ~ m,)

hmmmmt@o expensive), but fixed
wunling gredient accelerator in the SPS, and a new

2. Sca.n +60 GeV with 1pb~! per GeV; A beam energy spread
of 3107° is not needed due to the lo.rger A, H decay widths;

3. Perform a siz-point scan, 25pb~! per point, to determine
the {m.eshape OFO ’

2 120 1 !
-]
-
o3
“
X 1\
) / N
296 298 300 302 304
E_ (GeV)
Observable] Accurac
O peak +1%
m,, m, |+10MeV/c?
I'na +50 Me
e 4
XXXIVth Rencontres de Morviond -25-
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N

c. Other precision collider rings

" Yo - A
0.

b

Ty High lumi: 107 Z’s
my Ry Aa, = 0.0005 E calibration
ALR A Si02 aw = 0.00003 | Polarization
2my, My TMeV E calibration
2m, my Few MeV No beamstrahlung
m, 0.1 MeV
m, Iy 0.5 MeV (See previous transp.)
o 1-2%

For instance, the top threshold:

B:R=0.1%
ee: R= 1%

/

XXXIVth Rencontres de Morwiond -27-
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| 3.- WHAT RemAINS To Be Downe 7| (x eveeytuing !

(PHYsics MOTIVATION D : HiGes FACTORY 44

MAKE DERMTE STATERHENES As To THE
PHYSs\cs MPAelunes AND THE NEEDS
(N TERMC oF &, SE/EJE

=Z> PeRFroRH DETALLED STudies To
q) ASCERTAIN /iHPRoVE. THE @uic.\t CcFA
STUDY KRESULLTS

® OTHER MEASORGM ENTS DF THE SAMME
O BRSERNABLES

s OTHER OBSERQNASLES
e Higes HMASS RANGE (my >AS0 &V ?7)
¢« RolE ofF PolARIZATION

« ESTIMATE ThE€ORY UNCERTAINTIES (my, mg,
olg , - ) Which CoULD SPOIL THE PREDIAING
PowER  OF THE WEASUREHENT

[ b) MAKE A FoL CoMPARISON. WiTH CoHPET(ToRS

o HMBNE AL PoSSIBLE OB $ER A GLES

® INCLUDING THE|R OWN THEORY ON CERTAMNTIES

LEP4 [ <) ESTABLISH THE PREDICTIVE PoweR , eq,, /N
R THE Z THE WdolE® MSSHM  PARAMETER SPth (Mma)

?
| (lHe
l d-) DETERMINE o(£ NEETE To \I1PROVE on { NLC



@Siw non'm@ - thees FACoRY AF2

ONLY A G}UiCK look IN The TEcFA StoDY

MAWE A SYSTEMATIC STUDY ofF WAAT
CAN BE DONE WITH THE H,A QESONANCE
SCAN

a) weo s 7 wwo is A7 P VALUES ?

b) CP ViolATion IN THE theeS STECTOR.
c) PRECISIoN TESTS OF THE MSSH

) -

I

@mhmi ONS ,  OTHER VFACTORIES

KSCERTAIN THE FORMER — RoLGM — ESTIMATES
W PROPER STuDIES

A) NEEDS N
- &
—~ PerarizAtion
— ENERGY CALBRAT(ON

b) CoNREQLENCES ©F Tur PREcIaE
HEASUREMENTS oN 8M / MSSM.



TION  FRoM U.8, GROVE.
V~FActoRY  STUDIES

DEFINE  APPOQRIATE DESIGNS To ACMIEVE
The Reguired £ E, SEL

m'"”—m /AL‘MTH THE KELP /colLAagoRA

—~
40"_€1§’“ \ > > VI,/
(?) M+ M B C‘I‘UNEABLE_)

@) Moo Produaien ( &L o Ni; sz: 7)

e STUDY THE STORED NMUON RATE As A FUNCTION

OF
EPRoTb NS Ree. RATE , ThRGeT,

o SYmmeiAic STORAGE /CAPTURE OF b AnD (T

b) MooN  BUNCHIN G

¢ DESEGN oF A MMUuoN BUNCHER

¥ Se/e
_ * +
<) MUoN CooliN & (WS\;ER&E) loNGTUDINAL

e DESIGN OoF A CooLiNG ONIT

% nNoTE . df/dx
NS WoLTipLE

—> SEVERAL STAGES 7 SCATTE RING- ?

—> CIRCULAR  CooUING ?
—> OTHER THAN IONVZATION CholiNG

d) kccELERATION : ENERGY STABILITY AT ©Acw PULSE ?
e h > RE cARCULATOR. 7

7
« n,A —> OTHER ! PoLARA?.ATION?

) CollidER + F/NAL FoeUs ZO? OO 7

DESIEGN /ofTicS BACic BRe LNDS 7



lﬁe. ~ CONCLUBION ﬂ

THE CoNCW3ION OF THE WORkK oF THE
GRoUP  SHoULD Be .

e A FlIRM AND ConVINCING  PHYRICS
CASE

e A DEFNITE ASSESSHENT OF THE
NeEDs N &, (SE/E)

* A LiST OF MHACHINE  PARAWNETE RS
"FRoH PRELIMINARY DESIGN STOMES

* A PRELIMINARY CosT ESTIMATE

TIMESCALE O (VoR THE thGGS F&c:roP.‘/)

To BE DMECUSSE D

- WORKING REPORT IN A YYEAR \:R@H Now 7
- fHeeXmas ENERY THREE MONTHS 7

BARE MINIMUM
MAN PowER ? CFoﬂ THE thees FActory)
- -~ A puPLE of THEDRUISTS — oR ToeE
J - A CoupP\E OF EXPERIMENTALISTS — o2 Yoag
l - SoME  ACCE(ERATOR PHe§iciST<

LET'S HAveE. A 4o’ “reEsTRICcTED ”
SESHION  AFTER Tis WEBRTING



