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Figure 2: The sensitivity of m^ to m\/2 in the CMSSM for (a) \i > 0 and (b) \i < 0. The
no-scale value A = 0 is assumed for definiteness. The dotted (green), solid (red) and dashed
(blue) lines are for tan/3 = 3,5 and 20, each for m* = 170,175 and 180 GeV (from left
to right). The lines are relatively unchanged as one varies tan/? ]> 10, where they are also
insensitive to the sign of /z. The shaded vertical strip corresponds to 113 GeV <
116 GeV.

fcp

10



m t= 180175 170 GeV

1400

^ 12M
>

£» 800

* 600

200

i :

1 ;1 .
I i

i • ; • . .

\ ' .

1 »1 %
1 *

\ \ \

I * \ •i • \ »
\ • \ % *
i » \ **1 » V *»V » \ . *-\ » ^^% % ^̂ ^̂\ * *̂̂

\ * -V;-
h . . ^ i . . . . i . . . . i

. . . . . . . . .

A=O :

— — — ji>0

ji<0 -

* * * • » i

• m m

10 15 20 25

tan
Figure 4: ( ^ TAe /ower limit on m\/i required to obtain rrih > 113 GeV for \i > 0 (solid, red
lines) and \x < 0 (dashed, blue lines), andm* = 170,175 and 180 GeV, and (b) the upper limit
on mi/2 required to obtain m^ < 116 GeV for both signs of fi and rrit = 175 and 180 GeV:
if rrit = 170 GeV, m\/2 may be as large as the cosmological upper limit ~ 1400 GeV. The
corresponding values of the lightest neutralino mass mx ̂  0.4 x
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Figure 1: The m\/2,mo plane for the CMSSM with tan/? = 10, A = - m ^ , and (a) n > 0,
(b) fj, < 0, showing the region preferred by the cosmological relic density constraint 0.1 <
£lxh

2 < 0.3 (medium, green shading), the excluded region where m? < mx (dark, brown
shading), and the region disallowed by our b—^sj analysis (light shading) [23]. Also shown
as a near-vertical line is the contour m/, = 113 GeV for nit = 175 GeV. For comparison, we
also exhibit the reaches of LEP 2 searches for charginos x^ and selections e, as well as the
estimated reach of the Fermilab Tevatron collider for sparticle production [25].
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Figure 1: The (m1/2, m0) planes for \i < 0 and t&n(3=_ (a) 20, (b) 30, (c) 35 and (d) 37.5,
found assuming Ao = 0,m t = 175 GeV and mj(mj)^(f = 4.25 GeV. In this case, we find
no large allowed region for tan/3 > 40. The near-vertical are the contours mx± = 104 GeV
(dashed), mn = 113,117 GeV (dot-dashed). The medium (dark green) shaded regions are
excluded by b -> 57. The light (turquoise) shaded areas are the cosmologically preferred
regions with 0.1 < Qxh

2 < 0.3. Away from the pole, above (below) these light-shaded areas,
the relic density Qxh

2 > 0.3(< 0.1). In the dark (brick red) shaded regions, the LSP is the
charged f 1, so this region is excluded. The diagonal channel of low relic densities visible for
tan (3 > 30, flanked on both sides by cosmologically preferred regions, is due to direct-channel
annihilation via the A, H poles.
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Figure 1: The (mx/2,m0) p/anes for /j, > 0 an</ tan/3 = faj iO, ^ 30, (c) 50 and (d) 55,
found assuming Ao = 0,m t = 175 GeV and rn^m^M = 4-25 GeV. The near-vertical (red)
dot-dashed lines are the contours m^ = 113,117 GeV, and the near-vertical (black) dashed
line in panel (a) is the contour mx± = 104 GeV. The medium (dark green) shaded regions
are excluded by b -> 57. The light (turquoise) shaded areas are the cosmologically preferred
regions with 0.1 < Qxh

2 < 0.3. In the dark (brick red) shaded regions, the LSP is the charged
T\, so this region is excluded. The regions allowed by the E821 measurement ofa^ at the 2-a
level are shaded (pink) and bounded by solid black lines, with dashed lines indicating the 1-a
ranges.
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Figure 1: The (mi/2, mo) planes for tan (3 = (a) 5 (/i > 0), (b) 10 (n > 0), (c) 10 (\i < 0), all
for nit = 175 GeV, and (d) 10 (fi > 0) with rrit — 171 GeV. In each case we have assumed
AQ = 0 and mb(mb)^ = 4.25 GeV, and used Keith's code. The near-vertical (red) dot-
dashed lines are the contours mh = 113 GeV, as evaluated using the FeynHiggs code. The
medium (dark green) shaded regions are excluded by b —* s-y. The light (turquoise) shaded
areas are the cosmologically preferred regions with 0.1 < Q^h2 < 0.3. In the dark (brick red)
shaded regions, the LSP is the charged f\, so this region is excluded. The regions allowed by
the E821 measurement of a^ at the 2-a level are shaded (pink) and bounded by solid black
lines, with dashed lines indicating the 1-a ranges. The (blue) crosses denote the proposed
benchmark points A to F.

32



800

too 1000

m ^ (GeV)
2000 100 200 300 400 500 600 700 800 900 1000

mm (GeV)

tan P = 50, \l > 0

1000 2000

mi/2(GeV)

Figure 2: The (m1/2, mo) planes for tan/? = (a) 20 fr > 0), (b) 35 (fi > 0), (c) -35 (\x < 0),
and (d) 50 (fi > 0), found assuming AQ — O,rat = 175 GeV and rrif){mb)^M = 4-25 GeV.
The notations are the same as in Fig. 2. The (blue) crosses denote the proposed benchmark
points G to M.
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Supersymmetric spectra

Model
mx/2

tan/3
sign(^)
as(mz)

Tflt

Masses

\li{mz)\

h°
H°
A0

H ±

x\
x\
xl
A
xfxt
9

eR,HR

n

VT

UR, CR
di, SL
dR, SR

h

b2

A
600
140
5
+

120
175

739
114
884
883
887
252
482
759
774
482
774
1299
431
271
424
269
431
424
1199
1148
1202
1141
893
1141
1098
1141

B
250
100
10
+

123
175

332
112
382
381
389
98
182
345
364
181
365
582
204
145
188
137
208
187
547
528
553
527
392
571
501
528

C
400
90
10
+

121
175

501
115
577
576
582
164
310
517
533
310
533
893
290
182
279
175
292
279
828
797
832
793
612
813
759
792

D
525
125
10
—

121
175

633
115
737
736
741
221
425
654
661
425
663
1148
379
239
371
233
380
370
1061
1019
1064
1014
804
1010
973
1009

E
300
1500
10
. +
123
171

239
112
1509
1509
1511
119
199
255
318
194
318
697
1514
1505
1512
1492
1508
1506
1615
1606
1617
1606
1029
1363
1354
1594

F
1000
3450
10
+

120
171

522
115
3495
3495
3496
434
546
548
887
537
888
2108
3512
3471
3511
3443
3498
3497
3906
3864
3906
3858
2574
3326
3319
3832

G
375
120
20
+

122
175

468
116
520
520
526
153
291
486
501
291
502
843
286
192
275
166
292
271
787
757
791
754
582
771
711
750

H
1500
419
20
+

117
175

1517
121

1794
1794
1796
664
1274
1585
1595
1274
1596
3026
1077
705
1074
664
1067
1062
2771
2637
2772
2617
2117
2545
2522
2580

1
350
180
35
+

122
175

437
116
449
449
457
143
271
462
476
271
478
792
302
228
292
159
313
280
752
724
756
721
550
728
656
708

J
750
300
35
+

119
175

837
120
876
876
880
321
617
890
900
617
901
1593
587
415
582
334
579
561
1486
1422
1488
1413
1122
1363
1316
1368

K
1150
1000
35
—

117
175

1185
118
1071
1071
1075
506
976
1270
1278
976
1279
2363
1257
1091
1255
951
1206
1199
2360
2267
2361
2254
1739
2017
1960
2026

L
450
350
50
+

121
175

537
118
491
491
499
188
360
585
597
360
598
994
466
392
459
242
447
417
978
943
981
939
714
894
821
887

M
1900
1500
50
+

116
175

1793
123

1732
1732
1734
855
1648
2032
2036

1648
2036
3768
1949
1661
1947
1198
1778
1772
3703
3544
3704
3521
2742
3196
3156
3216

Table 1: Proposed CMSSM benchmark points and mass spectra (in GeV), as calculated
using SSARD [24] and FeynHiggs [29]. The renormalization-group equations are run down
to the electroweak scale mz, where the one-loop corrected effective potential is computed
and the CMSSM spectroscopy calculated, including the one loop corrections to the chargino
and neutralino masses. The pseudoscalar Higgs mass m^ is computed as in [28]. Exact
gauge coupling unification is enforced and the prediction for aa{rnz) is shown (in units of
0.001). It is also assumed that AQ = 0 and mb(mt,)MS = 4.25 GeV. For most of the points,
mt = 175 GeV is used, but for points E and F the lower value mt — 171 GeV is used, for
better consistency with [16].
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Supersymmetric spectra calculated using ISASUGRA 7.51

Model
mi/2
mo

tan/?
sign(/i)
Ao
TUt

Masses

HQ)\
h°
H°
A0

H±

x?
X°2
x°3
xi
xt
xt
9

e-L, PL
eR, UR

n

vr
UL, CL
UR, CR
d-L, SL
dR, sR
h
t2

62

A
613
143
5
+
0

175

768
116
893
891
895
252
467
770
785
467
784
1357
435
271
428
269
435
428
1211
1167
1214
1161
940
1172
1126
1161

B
255
102
10
+
0

175

343
113
387
386
394
98
179
349
370
179
370
606
206
145
190
137
209
189
546
529
552
531
400
580
503
534

C
408
93
10
+
0

175

520
117
584
583
589
164
303
524
540
303
540
932
293
182
282
175
295
281
833
803
837
801
635
830
769
803

D
538
126
10
—
0

175

662
117
750
749
754
221
414
667
674
414
676
1203
383
239
375
233
384
374
1075
1036
1078
1032
845
1039
998
1028

E
312
1425
10
+
0

175

255
116
1435
1434
1437
119
197
262
317
193
317
804
1433
1427
1431
1415
1427
1425
1519
1515
1521
1515
987
1292
1281
1503

F
1043
2877
10
+
0

175

548
121
2955
2953
2956
434
546
551
845
537
845
2372
2942
2897
2941
2873
2930
2929
3397
3360
3398
3356
2401
2967
2961
3333

G
383
125
20
+
0

175

485
117
521
521
527
154
285
491
506
285
506
880
290
194
278
166
296
275
789
764
793
762
601
785
713
762

H
1537
430
20
+
0

175

1597
124
1813
1812
1815
664
1217
1599
1608
1217
1608
3186
1092
709
1089
664
1081
1076
2834
2716
2835
2703
2288
2649
2619
2667

1
358
188
35
+
.0
175

454
117
431
430
440
143
265
460
475
265
476
828
308
234
298
159
319
285
756
732
760
730
569
742
647
725

J
767
315
35
+
0

175

876
121
851
851
856
321
594
879
889
594
890
1669
599
425
593
334
589
571
1508
1452
1510
1445
1190
1405
1335
1406

K
1181
1000
39.6
—
0

175

1213
123
1070
1069
1074
506
932
1215
1225
932
1225
2516
1260
1088
1258
931
1204
1197
2398
2315
2400
2305
1883
2122
2053
2121

L
462
326
45
+
0

175

560
118
472
471
481
188
349
564
578
349
579
1051
450
370
443
242
439
409
978
948
982
945
744-
918
819
913

M
1963
1500
45.6
+
0

175

1842
125
1737
1735
1739
854
1558
1843
1855
1558
1855
4029
1957
1658
1955
1249
1809
1803
3789
3643
3790
3631
3016
3378
3308
3388

Table 3: Mass spectra in GeV for CMSSM models calculated with ISASUGRA 7.51. The
renormalization-group equations for the couplings and the soft superymmetry-breaking pa-
rameters include two-loop effects, and the dominant one-loop supersymmetric threshold cor-
rections to the third generation Yukawa couplings are included. The Higgs potential is mini-
mized at the scale Q = (rn^m^Y^2. The Higgs and gluino masses are calculated at one loop.
The rest of the superpartner spectrum is calculated at tree level at the scale Q. The input
parameters have been adjusted so that the spectra best approximate those shown in Table 1.
We have used the ISASUGRA 7.51 default values mp

b
ole - 5 GeV and a3(mz) == 0.118. It is

assumed that AQ = 0, m< = 175 GeV.
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Properties of proposed benchmark models

Model

nxh
2

Byy

o-th

A
(+At)
A"

A
0.26
2.8
3.54
0.15
275

(292)
6.0

(6.0)

B
0.18
28

2.80
0.12
43

(47)
1.3

(1.3)

C
0.14
13

3.48
0.14
108

(117)
5.7

(5.9)

D
0.19
-7.4
4.07
0.17
166

(177)
7.0

(7.0)

E
0.31
1.7

3.40
0.14
46

(153)
106

(372)

F
0.17
0.29
3.32
0.14
325

(559)
85

(1089)

G
0.16
27

3.10
0.13
90

(97)
9.3
(11)

H
0.29
1.7

3.28
0.14
1056

(1098)
36

(36)

I
0.16
45

2.55
0.11
76

(83)
12

(13)

J
0.20
11

3.21
0.14
272

(294)
32

(33)

K
0.19
-3.3
3.78
0.16
477

(537)
91

(125)

L
0.21
31

2.71
0.12
128

(138)
7.3
(29)

M
0.17
2.1

3.24
0.14
1199

(1276)
33

(206)

Table 2: Derived quantities in the benchmark models proposed. In addition to the relic
density Qxh

2, the supersymmetric contribution to aM = (g^ — 2)/2 in units of 1O~10, and the
b —>• sj decay branching ratio 10~4, we also display the amount of electroweak fine-tuning
An (all of the above quantities are calculated using SSARDj, and the amount of electroweak
fine-tuning, calculated with the BMPZ code [32], using the ISASUGRA 7.51 versions of the
input parameters.
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Mass spectrum for benchmark C

SUSY spectrum and main decays
m 0 = 9 0 , m1 / 2 = 4 0 0 , tanp - 10, /j, = 498
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Figure 6: Details of the principal decay branching ratios for sparticles in benchmark points
[J] and [MJ.
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Expected reach in various channels
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Figure 1: o~(gg —• h) x B(h —> 77), normalized to the SM value with the same Higgs mass,
plotted in the (mi/2, mo) plane for /x > 0 and tan/? = 10.
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Figure 2: The cross section for production of the lightest CV-even MSSM Higgs boson in
gluon fusion and its decay into a photon pair, a(gg —> h) x B(h —> 77), normalized to the
SM value with the same Higgs mass, is given in the (mi/2, mo) planes for fi > 0, tan/3 = 50
and mt — 170,180 GeV (upper row) as well as for // < 0, tan(3 — 35 and m* = 170,180 GeV
(lower row). In all plots Ao = 0 has been used, and the notation is the same as in Fig. 1.
The hatched region at small values of mi/2 is excluded from the constraint that radiative
electroweak symmetry breaking should occur.



Prospective observability at the LHC

Model

mi/2

mo
tan/3

sign(fi)
h°,H°,A
H±

xVxf
sleptons
squarks
gluino

A
600
140
5
+
1
0
3
0
12
1

B
250
100
10

+
1
1
6
6
12
1

C
400
90
10

+
1
1
3
3
12
1

D
525
125
10

1
0
3
0
12
1

E
300
1500
10
+
1
0
6
0
12
1

F
1000
3450
10
+
1
0
1
0
0
1

G
375
120
20
+
3
1
3
5
12
1

H
1500
419
20
+
1
0
0
0
0
0

I
350
180
35
+
3
1
3
5
12
1

J
750
300
35

+
3
1
1
0
12
1

K
1150
1000
35

3
1
1
0
12
1

L
450
350
50
+
3
1
3
1
12
1

M
1900
1500
50

+
1
0
0
0
0
0

Table 4: Numbers of particles for each benchmark model thought to be accessible at the LHC.
The observabilities we assume are obtained by extrapolating from previous simulation studies
by ATLAS and CMS.

50



p."

CO
_0
o
•c
CO

Q .
0

CO

0
CO

o

gluino • • squarks H i sleptons ^H

CMSSM Benchmarks
H

L B G C J A M H E F K D

35

30

25 £

20

15

10

5

0

Vs=1,0TeV

I L B G C J A M H E F K D

35

30

25

20

15

10

5

0

Vs=3TeV

I L B G C J A M H E F K D

35

30

25

20

15

10

5

0

Vs=5TeV

JILMi MiMiMi l
I L B G C J A M H E F K D

51



CcxUAsur

U-^AJ

i

€ 7 ^ cerihichzys "

2w ? ?
r t

\ro ^ c QuJUti(u SC&AJL. \

? U

52



(a) LC

@

VX

E.(U);

rt \

|

^ < \

o

e

UaUjksfc

^ \5c

> H , A '\

53



ok LC

44 MURAYAMA fc PESKIN

60 80 100 120 140 160
Mh"(GeV)

60 80 100 120 140 160

200 -
CO

160

Figure 12: Simulation of the detection of the Higgs boson in the process
e+e~ -* Z°h°, from [42]. The various hatched peaks should the signal
expected for a series of values of ^he Eiggs boson mass from 80 GeV
to 140 GeV. The h° is assumed to decay dominantly to 66; the three
figures show the cases of Z° decay to (a) vu, (b) l+l~, and (c) qq. The
dashed and solid unhatched peaks show the standard model background
without and with a b lifetime cut. The simulation assumes 30 f b - 1 of
data at 300 GeV in the center of mass.
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Light Higgs

Study of Triple Higgs Coupling at CLIC

M. Battaglia

• Extract XHHH from a(e+e~ —* vvHH)
for ME = 120 GeV/c2 (~ 20 - 25% atTESLA)
• <r(e+e- -> vvEE) ~ a(e+e~ -> z/z/ZZ -^ 66)
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SUSY

Particle pair thresholds

rai/2 = 400 GeV, ra0 = 400 GeV, tan/? = 35,
A = -400 GeV, signal) < 0 (mSUGRA)

500 1000 1500 2000 2500 3000

Centre-of-mass Energy (GeV)

Many new particles with nearly degenerate masses

April 2001

Seminar
cue

A. OeRoedc
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Observable particles at linear e+e colliders

Vs

1.0
1.0
1.0
1.0
3.0
3.0
3.0
3.0
5.0
5.0
5.0
5.0
1.0
3.0
5.0

Model

m\/2

mo
tan/3
sign(^)
Higgs

slept
squa
Higgs

xf±
slept
squa
Higgs

X?*
slept
squa

TOT
TOT
TOT

A
600
140
5
+
1
3
9
0
4
6
9
12
4
6
9
12
13
31
31

B
250
100
10

+
4
6
9
1
4
6
9
12
4
6
7
12
20
31
29

C
400
90
10

+
1
6
9
0
4

6
9
12
4
6
9
12
16
31
31

D
525
125
10
—
1
5
9
0
4

6
9
12
4
6
9
12
15
31
31

E
300
1500
10

+
1
6
0
0
1
6
3
3
4
6
9
12
7
13
31

F
1000
3450
10

+
1
2
0
0
1
6
0
0
1
6
0
0
3
7"
8

G
375
120
20

+
1
6
9
0
4
6
9
12
4
6
9
12
16
31
31

H
1500
419
20
+
1
0
0
0
1
4
9
0
4
6
9
0
1
14
19

I
350
180
35
+
4
6
9
0
4
6
9
12
4
6
9
12
19
31
31

J
750
300
35
+
1
1
3
0

4
6
7
3
4
6
7
12
5
20
29

K
1150
1000
35
—

1
0
0
0
4
6
9
0
4
6
9
9
1
19
28

L
450
350
50
+
1
6
9
0
4
6
9
12
4
6
9
12
16
31
31

M
1900
1500
50

+
1
0
0
0
1
6
1
0
4
6
7
0
1
8
17

Table 5: Numbers of particles accessible for each benchmark model for various lepton-
antilepton collider centre-of-mass energies in TeV. Channels are considered observable when
their cross section times branching ratio to visible final states exceeds 0.1 fb, taking account
of the invisible final states originating from some neutralino and sneutrino decay modes. No
considerations of realistic detection efficiencies have been included.
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Overall Layout of the CLIC complex at 3 TeV cm.

37.5 km

K-
13.75 km 10 km 13.75 km

FROM MAIN BEAM
GENERATION COMPLEX

Main Beams
154 bunches of 4 10 9 e+ e- CTT3
9 Gev/c ->H<-20 cm

eMAINLINAC (30 GHz-150 MV/m)

DRIVE BEAMDECELERATOR
624 m FROM DRIVE BEAMS

GENERATION COMPLEX!

~ 400 MW/m e+ POWER SECTIONS
RF power at 30 GHz

22 Drive Beams: 243A/130 ns 2 cm
, between bunches

22 dnve beams/hnac made of
120 bunches
of 7.6 - 16.3 nC /bunch
atl.24GeV/c _

130 ns or 39 m
pulse length

4.2 us or 1.25 km
between beams

II
I I

>r
92 ns



SUSY

Completing the Sparticle Spectrum at a multi-TeV
Collider

CLIC 3TeV

e+e~->e e
L R

missing E = 0.8 TeV
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eR -^ -•r'°
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A. DeRoeck
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