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N et a la frontiere en luminosite  EENWITREE

e Physique a la frontiere en énergie GRUZaEc:l

- The Frontiers of PP
"y 0T &2 What to do Next and which Strategy
' ‘ Next Accelerator Technology Challenges forPP
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High Precision Measurements
Yery High Energy Reach
High Intensity v Beams

10 (FTeVy +1.1 fh D ) - < XENONI100 (2012)
5 b Daya Bay . & —— observed limit (90% CL)
] — B 1 5 4 N Expected limit of this run:

[ Am2<0,5=0
|
() 6000 M | Am>0,5=0
=1 2 ’
m.- [MeV/c?] Am?<0,5=0

P B RN BN AR B ETErE B
01 . N
sin2203 WIMP Mass [GeVic']




March 2012
1

[ 1LHC excluded
| —LEP2 and Tevatron
{ - LEP1 and SLD

Direct myy, My,
measurements

Need to improve
* Measurement @Z-pole

* M, and M, ( @threshold)
° MH



High precisions at Z pole and WW and top thresholds

Extending the concept to a BSM framework, | nd Irect:M H:94'O
and projections: Direct: M,,=125567/%0.007
EHED Ll L L Ll [l T 1 T —'\

~ experimental emors 68% CL: .
LEP2/Tevatron: foday T —
— LHC: future (HL-LHC)
ILC/GigaZ

=123 _ 127 GE"I..: -9~ ATLAS measurement [

-J- CMS measurement [ar
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Study of the Higgs properties, its couplings and the potential

Interaction strength varies with
- 2 2
VHiggs = —H1 ) L ¢ + A(p L ®) energy scale, depends on

field self coupling quamum numbers and particle
Vo), ] 7 .

o] .;._;::::_I___ rong coupling

_2_-

-~ ]
== 0,14

0.0 ]

M,=173.1 0.7 GV
,(Mz) = 0.1184 + 0.0007

N.. A runs too

Consistency = R e
Check instability 7

1u3 1wt 10f 108 10" 10 pp1¢ pplf glf oM
F.GE seale g m GaV

Higgs quartic coupling A(x)
[=]
2




"
VHiggs = —1? T + A(PT)? +[WYU¢R]'¢ + h. C']
\ l

1004 200 500
My [GeV]




High precisions at H threshold

CMS Preliminary e A A
> 30 L T T T L B 3 fs=7TeV _|-|_c1t=0_t)5fb'1 Apr 24, 2011 -
8 X t Data s=7TeV:L=00fb" - % B
- [ Im=126 GeV = -
f 25F Czy*.z2z 725 ATLAS Preliminary
B Z+X H—ZZ "4l channel
‘g 20 : - 2 years Of data @LHC o000 I:l Signal (mH=125 GeV)_:
(0] » ° Il B=ckground zz" ]
of ...in few seconds B ockgouns 21,
15 - 10— —
: ] 5 =
10 -] E ]
» - o Ay uh . ] _
C 3 5 104 .
o ] 2 -

" ] @

C . . . s C0f .
0 80 100 200 300 400 600 800 a 50100 150 200 250 300 350 400 450 _ 500

M, [GeV]

m, =125.8+0.5+0.3 GeV
= 0917,

m,, [GeV]

m, =124.3+0.6+0.4 GeV
m=15+0.4 (at 125.5 GeV)
‘ :

_Best Fit Predictions
h—=ryp e
h—2ZZ —a-u—
h—WWw —-—E:h

h—gg -:ilc-

h— g D-:

h—T11 —EQIE'—'

Power law best fit (M =244.03317, e = —0.02‘2‘1'-33’0,3)

- J. Ellis et al.

Coupling A

1
h —bb o

* CMSSM high mass

@® CMSSM low mass

A NUHM1
[ SM unc. Higgs WG

o+ World average Ellis & You

—20 —20 0 20 40
(BR—BRgy,)/ BRg) (%)




ElectroWeak Symmetry Breaking precision measurements
Example : Precision for Higgs couplings .

+  SUSY modifies tree-level couplings »

Lar te 1T
Bﬁ@ﬁbb 9nbb _ Inrr ~ 1+1_7%<

ghSMbb ghSMTT

é g ~'I‘g-lnt stop Is an important search (hlerarc h

0.5
Ihgg 1 4+ 11.6%<

g hsmgg

9nrf ~ Jnhvv z1_3%<
Insuff  YGhsyvv

f

Higgs couplings should be measured as precisely as possible!
one should aim at sub-percent measurements |«



ElectroWeak Symmetry Breaking precision measurements

& ._
'&\Q\ A Wk - \\_‘
' 1. Upgrade LHC luminosity (factor ~10) S
e * Improve current and focussing
e 2. Build a dedicated « Higgs factory » (factor ~10!) &
< « e*ecircular or linear colliders
« vy colliders
« utucolliders
3. Build (V)HE-frontier colliders (factor ~10!)

\.
.ql \‘\\

* pp circular colliders
« e*e” linear colliders

« utucolliders
 Plasma acceleration colliders



Future large scale accelerators discussed/mentioned in the talk
From Higgs studies and electroweak high precision tests...

Linear Colliders Circular ete- Colhders
(ILC, CLIC) (TLEP super TRISTAN IHEB” )

LEP/LHC

TLEP in
80 km tunnel |

Higgs
Factories

scale ~ European XFEL,
about 10k Higgs per year

vy Colliders Muon Colliders
(SAPPHIRE, SILC, CLICHE, HFiTT )  (v-Fact. as possible 15t step




ElectroWeak Symmetry Breaking precision measurements

+ With M, all parameters of SM are known! ®
What do we need to measure now?

Am, (MeV) ~100 ~50 ~30 =7 Overkill for now
ATy/Ty (AT,,) 55(1.2)%  1.1(0.3)%

H spin v v v v

Am,,, (MeV) ~10 ~10 ~6 <1 Theo. limits
Am, (MeV) 800-1000 500-800 20 15 ~100 from theo.
AGind Gy 2.7-5.7%* 1-2.7%* 1-5% 0.2-1.7%

AQy+/ Qs 5.1-6.9%* 2- 2.7%* 2-2.5% 0.2-0.7%

A g 8.7%* 3.9%* ~15% ~30%

AQyyu/9yun —- ~30% 15-20%** -- Insufficient ?

*Assuming systematical errors scales as statistical and theoretical
errors divided by 2 compared to now

**Sensibility with 2ab-! at 500 GeV (TESLA TDR) and needs to be
comfirmed by on-going more detailed studies




Future large scale accelerators discussed/mentioned in the talk
...to HE-physics and -Frontier exploration ,

pp Colliders

Linear Colliders ~ (HE-LHC, VHE-LHC,...)

(CLIC)

%1 Lake Geneva

¢ ; NG

lay loop s ’O
e B LEP/LHC [
I A . ,), v ?

! B
» - -
Lo ~ 2 2
i —
< A P
S w3 *,
; T

VHE-LHC in
80 km tunnel

re— e Colliders

“.B

¥ Muon Colliders
Plasma Colliders (v-Fact. as possible 15t step



ElectroWeak Symmetry Breaking precision measurements

2021
1.7 x 107

100

Indirect (?)

6.5—- 5.1%
11- 5.7%
5.71-2.1%
5.71-2.1%

<30%

8.5-5.1%
15-6.9%
14 -8.7%
800-1000

4.i =1.0%
(2&Xp.)

LHC is the benchmark Higgs Factory

CMS Projection

I — T T T T T T T T T 35, CMS Preliminary |‘E=|7"I'ev.L‘:|5.1llh'1; Vlgz‘B"l'ev‘ L=1951
Expected uncertainties on F— so0t"at §=14Tev E F ‘ l ‘ " patd
Higgs boson couplings |— 30017 at {5 = 14 TeV w/ scaled sys. un s 30} .Z+X g
2030-35? e I [zvzz
Ky : g [[m=126G v
8 > r my= e
1.7 x 10 @ S _
Kg } { 5:—
50 Kp } | 10; I
i 2 K | | _
Indirect (?) . olattl
| | 1 1 | 1 ‘ | | | 1 ‘ 1 | 1 | | | |
54 —1.5% 0.00 0.05 0.10 0.15
expected uncertainty B8 <
75— 2.7% . — <
. ‘z J/ 5
4.5-1.0%

CouIAir;g measurements with prec»isions:
> in the range 6-15% with 300 fb-!
> in the range 1-4% with 3000 fb-1°

<10% » - E 300 |
£ 250 | X 1 VBF

54— 20% \ L%’ |:|§|photch

. 200 ttbar

150
_ ) =
11-2.7% 100e_ODServation
85'80@300 so HH 5w
~ qO 110 120 130 140 150
10 diphoton mass [Ge'



Search of new particles

+ SenS_ItIVIty O_n SUSY can be J-:!.TLAS Preliminary (Simulation) Ws=14 TeV
signicantly improved ... in 7 0 ey s, 5% (m_>> my): 1iepton (ej) + el

= 3000 n: exclusion 85% C.L. ™

particular for stop a0 ey 0 (- = 20 G 2epton

T.—-"Hi‘.'[mt“ﬂhﬂi'?‘!’-’- ATR

-—-

+ - High energy and luminosity are necessary to probe the YAAA scatterlng
and verify that unitarity is preserved, thanks to the « Higgs » discovered

ATLAS Preliminary

A statistical presicion of 15% on the SM VBS : LT o
contribution (i.e. VV+ 2 forward jets) can be Jra=smon e

7 SM VYV +

obtained with HL-LHC e e
Model 300 fb~1 3000 fb~!
Myesonance — P00 GeV, g = 1.0 24 ¢ 750

Mresonance = 1 1€V, g = 1.75 1.7 o h.b o
Myesonance = 1 1€V, g = 2.5 3.00 94 o

03 04 0506




Recommendations from European Strategy Group
High-priority large-scale scientific activities (1) -

Recommendation #1
o iR

c) The dlscovery of the Higgs boson is the start of a major
programme of work to measure this particle’s properties with the
highest possible precision for testing the validity of the Standard
Model and to search for further new physics at the energy

l frontier. The LHC is in a unique position to pursue this programme. |

Europe’s top priority should be the exploitation of the full potential
of the LHC, including the high-luminosity upgrade of the machine
and detectors with a view to collecting ten times more data than in
the initial design, by around 2030. This upgrade programme will
also provide further exciting opportunities for the study of flavour
physics and the quark-gluon plasma.




The super-exploitation of the CERN complex:
Injectors, LEP/LHC tunnel, infrastructures

» Increase beam current = protect SC dipole (diffracted protons)
8T-15m (20 magnets) = 11T-2x5.5 m dipoles
» Reduce beam size at IP = Larger aperture quads near IP
Change Quadrupole Triplets = 140T/m, 150mm (13T, 8m)

» Protect Electrical Distribution Feedbox’s (DFBX)

= 2x100 kA ~500m HTS links
» Improve and adjust the luminosity with beam overlap control

= SC RF «Crab» Cavity. for p-beam rotation at fs level!



Recommendations from European Strategy Group (cont’d)

High-priority large-scale scientific activities (2)

Recommendation #2

»

d) To stay at the forefront of particle physics, urope needs to be

T position to propose an ambitious post-LHC accelerator

project at CERN by the time of the next Strategy update, when
physics results from the LHC running at 14 TeV will be
available.

CERN should undertake design studies for accelerator projects in
a global context, with emphasis on proton-proton and electron-
positron high-energy frontier machines. These design studies
should be coupled to a vigorous accelerator R&D programme,
including high-field magnets and high-gradient accelerating
structures, n collaboration with national mstitutes, laboratories
and universities worldwide.




Grand unification of Interactions (Strong, Weak, Electromagnetic)

Additionnal particles (such as supersymmetric partners) with
energy scales of TeVs affect the running of the coupling constants
o\

Resolution [m] F{esoluton [m]
] ] 1.0—25 ] 1.02!] ] 1933 1.0—1? ] 1.0—21 ] 1.0—25 ] 1.0—2!] ] 1.0—33

Strength], | . Witk Super-Symmetry

Unification

1 1d*  1d°
Energy [GeV] Energy [GeV]

\- Need to explore higher energy regions (up to ~10 TeV)



Whatever Is found or not, reaching higher energies is unavoidable
BHE-LHC33

EWKino — ®HL-LHC14
"LHC14
Stops/sbottoms ~ ‘

Squarks/gluinos *

To search for n=yv eziriielesup to 10 TeV,
very high energy (>50TeV) is necessary

To probe V/, Y/, sezitierineiup to 10 TeV
B © egion, very high energy is necessary

Mass Reach, TeV
— X 'ﬂ’—\’

It will also-allow more precise SM measurements *

pp->H Xsections

1 000 000,00

100 000,00
8 100000 % o———o —+WH NS
100,00 — ttH
—o—HH
10,00

0 10 20 30 40 50 6 70 8 90 100
CM energy
Courtesy M. Mangano
JAXo Yo i <1%

VHELHC is also a very precise higgs study machine Al G <5%




The super-exploitation of the CERN complex:
Injectors, LEP/LHC tunnel, infrastructures

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Construct. Physics -
-- Construct. Physics
_ Construct. Physics
A%

Either using existing _- Construct.  Physics H

LEP/LHC tunnel to reach Y L ) E
26-32 TeV collisions L A | 6 Or build (or reuse) a

80km tunnel to reach
80-100 TeV collisions
VHE-LHC

P S = more detailed study
et il of such a tunnel needed

; In both cases, SC cha elop 16-20 Tesla magnets!

* Magnets for HL_LHC

is an indispensible first step

- A



ElectroWeak Symmetry Breaking precision measurements

+ Lepton colliders allows clean absolute measurements!

L olete = HX)'[fb]
1000 ] H7Z MH=125 GeV

P

e Tagged Higgs, largest cross section
! e Individual branching ratios to a few %

Il e Invisible and exotic decays 0.1F
S Possibly total Higgs decay width 001 -
. . YHE Ot 1 1 | ]
But Xsection is low: 200 350 500 700 1000 2000 3000
At 240 GeV, 6,,,~200 fb-: only! Vs [GeV]

@Lepton colliders, coupling
measurements with precisions:
» inthe range 1.5-4% LC

» in the sub% level with TLEP

Note: o (uu—=H) @ 125GeV = ~20pb

The prime focus is
luminosity



ete” colliders «clean HIGGS FACTORIES»

250-350 GeV .

500 -1000 GeV
———

250-350 GeV + Klystron based

Linear

| i LEP3 at LHC tunnel
Circular Colliders
CERN — —
. |

TLEP — New tunnel, 80 km

SuperTRISTAN 250 GeV-40, 60 km tunnel

Chinese HF 250 GeV, 50 or 70 Km tunnel




1LC Gradient Range Yield Gain

7 mrad

~14
1st pass yield - established vendors, standard process

* >28 MV/m yleld " >35MV/m yield

~ 11,

~30k

3

Central Region

Znd pass yield - established vendors, standard process

| ———
| L + 1
* -

test date (Roavities)

Beamline

-2 e+ injection 0
& ..:'\ .? .:,\ & >28 MV /m yield 235 MV yleld
§ \ Y -
~ 5.6/km & ,é? ,\é" & 100 +
~30.5 km §& $ +
~ : :\? |
e-/e+ DR test date (Hcavities) 20 ! i
~3.2 km
~2 e+ e;gra ction +
e- injection E & T | | ‘
=
]
5 a0 I
\ 0
; KILC 2012
o
& & & F
~11.0 km @‘.\h = §’\_ &
500GeV i ‘ . 4
e e+ Linac '?‘ 'F

~14

7 mrad
RTML
Not To Scale

#9-Cell cavities ~16000
#Cryomodules (2K) ~1800
#RF units (10MW Kly) ~560

30m radius

Luminosity (x10**cm™s?1)  0.75 1.8 3.6
Beam size (,/0, nm) 730/8 470/6 480/3
Pulse duration (ms) 0.75 0.75 0.9
Beam power (MW) 8.4 10.5 27.2
Total AC power (MW) 158 162 300




819 klystrans
15MW, 142 ps |

drive beam accelerator

24 GeV, 1.0 GHz

25 km

Drive Beam

drcurnferences
delay loop 73m
CR1 203 m

B19 klystrons oo CLICS00Gor
|| | 15MW142ps ‘

drive beam accelerator 7
2.4 GV 1.0 GHz

25 km

BC

fl-_l.._-,l/k e~ main linac, 12 GHz, 100 M/im, 21 km I e* main linac T;j ‘
- N : 1
283 km : Parameter CLIC | CTF3
TA turnaround \/ I accelerated current [A] 4.2 3.5
POR E;.T?ﬂ:?;.;:;gnng booster linac combined eurrent [A] 101 28
BC  bunch compressor 286 to 9 GeV v =
BDS beam delivery system final energy [MeV] 2400 120
B cump T o injector,  wmector | Acceleration pulse length [ps] | 140 1.2
aEa ey EHW@J $88&V ) final pulse length [ns] 240 149
A acceleration frequency [GHz] 1 3
final bunch frequency [GHz] 12 12
» AcNhleving ve g ac 00 ernational collaboration around
OW enough breakdao ate ) ~° 0 ~
Dema atec 0 0 €
Luminosity (x10**cm2s™) 2.3 5
Beam size (cs'X/Gy nm) 202/2.3 40/1
Pulse duration (ns) 177 155
Beam power (MW) 4.9 14

Total AC power (MW) 270 589




TLEP Ring e'e collides: Pr;mary Cost Drl\zer

f.f-v.

SN g‘” 3 Lake Geneva

Tunnel: ~2/3 cost %ﬁ

Building on existing
technologies and
experience (LEP,
KEKB, PEPII...)

Using SC cavities

b

"'M” F;: Lumin. (x10**cm2s1) /TP

# ﬁm

N

Could cover a wide Cavity Gradient (MV/m) 20 20 20 20
range of ene rgy up #5-cell SC cavities 600 600 600 600
to 350 Gev collision |ttt ey 67 25 16 27
energy. Total AC power (MW) 250 250 260 284

Most parameters have been achieved or are planned at SuperKEKB



ElectroWeak Symmetry Breaking precision measurements

require very high luminosity

»

Luminosity vs Energy —TLEP(1-IP)

- -=-|LC
i % CLIC
~o-TLEP(4-IP)

),
™

100
——

Luminosity (x1033)
[N
(@)
= o
o o

1 I I I I I I ]

0 500 1000 1500 2000 2500 3000 3500
Center of Mass Energy (GeV)




Many other accelerator R&D topics have not been discussed here

- e.g. e-p collider, yy collider, p collider, plasma acceleration...
. They should not be forgotten...

..but at present either the phy3|cs reach IS deemed limited
and/or lead tlme seems t00 Iong

W N

" =

: - o R

/ .
":> Proton-proton and eIectron p03|tron colllders appear

~U“~¢.

\.\ |

> .1 .\-‘_
' »

as most promissing/practical options



From e*e- Higgs factory to e-e'/yy collider

500 MeV e- injector

o(H)=200fb

11-GeV linac e

80 GeV

dump
~0, 20, 40,
60 GeV for
e* (8 arcs!)

10, 30, 50,70 GeV
for e* (8 arcs!)

total circumference ~ 9 km
final

focus

| —

1.1 km
Years of running (107 sec) .

0 05 1 15 2 25 3 35 4 45 5
T ‘ ‘ \‘ ‘ 0.2

T my, =125 GeV |
' o :0.15

11-GeV linac

scale ~ European XFEL,

about 10k Higgs per year

. >

-
v 9 - ) i

-

0.1

-

Malin issues: » e QO
[IE@ > Laser with required power and rep. rate

» Develop the IR and the Machine Detector
Interface (MDI)

— : : ‘ : : 0
0 200 400 600 800 11000
vy luminosity (fb™)




Particle — antiparticle Asymmetry

Essential to generate a Universe dominated by Lz

W
W o
e‘b‘\s

« decays
_sponsible




Neutrinos : the « New (Physics!) Kids in the block »

3 active ngu¥rinos
3 active Antin\a’s

Mass hierarchies are all unknown except m; <m,




From neutrino superBeams toward v-factories

Proton Driver

5-10 GeV,

Target

K

Decay Channel I

<1% -

v

~  End  East Acceleration
= 1.2-5GeV

‘~ Ve

Phase Rotator

Accelerator Types:
Linac, Recirculating
Linac (RLA), FFAG

The key issue : beam cooling

| - { -
o o += 0
= — LA a =
(1] ] oo O
Multi-MW = § |2¢
{ - (1] w
= ol = _D
SC ities 3 & |29
cavities g S |Rw
< 6 5
L =
O
4]
o
75 SC Coil
_/ —~
\ sl
50 [
: | =
E. o o LiH
= 25 Cauvit . LiH
w { e w ’/ Absorber
0
0 25 50 75 100 125 150

z [cm]

Cooling section consists of 100 cells
0.75m in length (total length 75m)

100 RF cavities (15MV/m) operating in
high magnetic field

100 superconducting 0.15m coils (2.8T)

Demonstrator being
constructed

lonization
cooling

| Storage Ring

o 'V‘u
H
P
10 GeV ) V.
~0.75km

Goal: >102! w/year
stored

» Do we have technology
for cooling the muons?

MICE @RAL



From v-factories toward the “dream” of muon collider

Higgs factory at 126GeV with ~10% Higgs/year [iseei(lae demo:stfated!

Proton Driver

Accumulator
Compressor
1

Hg-let Target

Capture Solenoid

arget

Decay Channel

Phase Rotator

Cooling

6D Cooling

-
o
=
=

o

Require much smaller beam
. lower emittance)
Very efficient cooling

size (i.e

Some ultra-challenging components:

» Very high field solenoids (20-30T)
» High gradient cavities in multi-Tesla field

)
0o
—_
U

=

6D Cooling

Final Cooling

-

Acceleration

Accelerator Types:
Recirculating Linacs (RLAs),
Rapid Cycling Synchrotrons (RCS)

Goal: O(10%) muons/year W|th|n the acceptance of an accelerator |
E Frontier Collider: Vs = 3 TeV
Circumference = 4.5km

N L =3x10%cm2st
w/bunch = 2x10%2
o(p)/p=0.1%

€ n=25pm, g, =72 mm
B* =5mm
Rep. Rate =12 Hz
Power=300MW

Linac,

Collider Rin

A",
— o

ECDM

126 GeV
1.5 TeV
3 TeV

-




Selected Future Projects |
RF system needs

ILC 250 elect. 1300 ~8 27 8000 31,5
CLIC 3000 elect. 12000 14 0,155 30000 100
TLEP elect. 700-800 100 CW 600 20

VHELHC : 400 2 CW

& We do have the technologies for nggs factories and Energy frontler

up to TeV scale with e*e- and 60 (100) TeV Wlth pp colliders

u collider or « plasma acceleration » colliders may be the
solution but many issues to be solved




Conclusion

+  The last few years were very exciting

Many teams have contributed to this success, they have

+
to be
,+ \EQ\ks to this work, j 7‘2 4
, with many new ideas ¢ emerglng < —ijf Py
—J% The E‘umﬁean Strategy" was an Oppg/EfEﬂiﬂty to brmg these h
— ~——ldeas-en the table aneHemvﬂgr @ SentUm o
& ofFquest for understandlng the fundémentéT Téws ef tﬁe
Universe : . == r ¥ ®

4+ The Strategy Is an important opportumtyto open: up a
medium and long term ambitious’ V|3|on and‘ programme

Accelerator R&D is vital to enable the realization of our
vision once we get the results of the LHC runs @ 13-14TeV
and should remain at within our strategy

-



My Conclusion

Extended Mul p ebe :
Collider Com mplex



My Conclusion

PS (0.6 ki)
SPS (6.9 km)

CERN implementation



My Conclusion

+  Ambitious milestones should be set up »

» CDR In 2 years »
» TDR iIn 5 years, in a timely fashion with'an ugdate of the

European Strategy in 2017-18, after.t’e'f)rsgrﬁmd of

t\ ohrslltl(in 01; the tH?d@b13d14 Te;d% % s ‘1 -
\possiblg timeline shou e discus S a N

;i—:.* \{7 _‘

LHC

HL-LHC R&D + constr
TLEP* Design + R&D + construction

VHE-LHC* Design + R&D + construction
ILC Design + R&D + construction

*tentative timeline; similar timeline applies for LEP3/HE-LHC but
Installation requires stopping LHC




My Conclusion Indirect:M,,=94.0+ 1.5

Direct: M_=125.500 +0.007

Extending the concept to a BSM framework,
and projections:

EHEI'D I I I I I I I I I I I I I I I I I I
~ experimental emors 68% CL:

LEP2/Tevatron: today
= LHC: future

lllllllllll

Mh =123 . 127 GE"I:: -9~ ATLAS measurement [

-i- CMS measur
MESM

TLEP 7

\|IIII|IIII|I\II|II:II

Z g
||||f|||||§n

s

100 110 120 130 140

M, [GeV]

M, =127 GeV MSSM, M, = 123,127 GV

| SM, MSSM [T | Note: This is indicative,

Heinsmeyer, Holik. Stockingsr, Wigiein, Zeuns 12 o
| I 1 | 1 I 1 1 1 I 1 1 1 I 1 1 1 I | 1 1 | 1 |_ a Carefu' anaIySIS StIII to
m, [GeV]




