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T(1) I, WWwW, Scaﬂm\% at LHC .

In terms of the‘isospirf' amplitudes, the physical scattering
amplitudes can be written as Tlpp-siW W) O (o L)

-*)) < lo
MWW —Z,Z,)=L[TO0)-T(2)] )

But, to avoid larse belegrnd,

MWW, —WHEW)=1[2T(0)+3T(1)+T(2)], BRUWW 42') fens
24235) > a few/ .

MWEWESWEWE)=T(2
A ( L7L—=7L L ) (2) ! Table 1: Event rates per LHC-year for W, W, fusion signals from the different models,
+ together with backgrounds, assuming /s = 14 TeV, an annual luminosity of 100 fb‘l
M( WL ZL — WLiZL )= %[ T(1)+ T(2)], and m, = 175 GeV. Cuts are listed in Table 1 of Ref. 12. The W+Z(DY) row refers

to the DY process ¢ = V = W*Z, with 0.85 < My (WZ) < 1.05 TeV optimized
for a 1 TeV vector state.

Bkgd. Scalar ‘ Vec 1.0 Vec 25 LEI-K
Cms‘%“"u'j : wnde “ “ZZ(4f) 0.7 46 14 1.3 14
'{’j"‘j P Ysies. “ZZ(262) T b ] 47 44 45
. WIW- 62 55 46 Bagyer
- A0 ] W=Z ; ) 15 33 3.0
I =0 | Non-Yes$ W*Z(DY) 22 6; et al.
Scalar; 0 Vecler, P LET WEWE 83 7.0 =
4““!' A& LARGE Smald lQO-\’SQ Table 2: Number of years (if < 10) at LHC required for a 99% confidence level signal.
S{‘h’: w“‘w‘ LAR . Model
LW GE LaRGE  mid. Channel |[Scalar Vec1.0 Vec25 LETK
¥ 2 “ZZ(4¢) 2.3
Ww | small mid,  farge fv{(ti'm) "1;? g.z 42 40
. . - 4 3
w2 Wz wor
S| Smald LARGE mid. wiw: | 30 15 15 I

¥ ATLAS Simuliims reachad Simifor Yeswléy
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Figure 7: 95% confidence level contours for the real and imaginary parts of Fr at (a)
V8 =190 GeV with 0.5 f6=! and at (b) /7 = 500 GeV with 80 fb=1. The values of Fr for
various technirho masses are indicated.
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At fSpe =15 Tov, (> vVWN) 2 O(i~2 £b) 3 Sou [s0 s

No. Events/200 fb~!/20 GeV
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Table 3: Total numbers of WHW=,ZZ — 4-jet signal S and background B events calcu-
lated for a 1.5 TeV NLC with integrated luminosity 200 fb~1. Events are summed over the
mass range 0.5 < Mww < 1.5 TeV except for the W+W~ channe! with a narrow vector
resonance in which 0.9 < Mww < 1.1 TeV. The statistical significance S/v/B is also given.
For comparison, results for e“e™ — vovW~W™ are also presented, for the same energy and
luminosity and the W*+W - cuts. The hadronic branching fractions of WW decays and the
W2 /Z identification/misidentification are included (see Ref. 17 for more details).

channels Ms 1%y | My =%y | LET
S(ete™ = nW+W~) 160 46 31
B(backgrounds) 170 45 170
S/VB = " 2.4
S(ete- =5 wZ2) 130 36 435
B(backgrounds) 63 63 63
S/VB &z 43 B |
S(e”e™ = vwW~-W-) 35 36 4
B(backgrounds) 230 230 230
S/VB 2.3 2.4 28




Table 3.  Signais for different models of strongly-interacting W sector at an e~ e~ collider
for /3 = 1.5 TeV, with cuts discussed in the text. Polarization effects for P.=0, 85% and
100% (both electron beams ) are compared. Backgrounds are summed over W=W= with a light
Higgs exchange, W+ W= and W=Z. Entries correspond to the number of events with hadronic
W, Z decays for an integrated luminosity of 200 fb=!. W/Z identification via dijet mass has
been implemented, as discussed in the text to improve the signal/background ratio. As a rough
indication of the signal observability, values of S/v/B are also given.

Ve =15 TeV SM

eve—

Scalar Vector LET | Bckgnds

g_ﬁ..a =0.5 TeV myg=1TeV | mg=1TeV | my =1TeV

Signal P, = 0 27 35 36 42 230
| S/VB 1.8 2.3 2.4 2.8

Signal P, = 85% 93 121 123 144 | 620

S/VB

Signal P, = 100% 109 141 144 168 713

S/VB 41 5.3 5.4 6.3

Table 4. Signals for different models of strongly-interacting W sector at an e~ e~ collider
for /3 = 1.5 TeV, with cuts discussed in the text. Polarization effects for P.=0, 85% and
100% (both electron beams ) are compared. Backgrounds are summed over W=~ with a light
Higgs exchange, W*1V= and W ~—Z. Entries correspond to the number of events with hadronic
W, Z decays for an integrated luminosity of 300 fb=!. W/Z identification via dijet mass has
been implemented, as discussed in the text to improve the signal/background ratio. As a rough
indication of the signal observability, values of S/v/B are also given.

Vs =15 TeV SM Scalar Vector LET | Bckgnds

Mmin=05TeV |my=1TeV |mg=1TeV|my=1TeV

Signal P. =0 41 53 | 54 63 345

S/VB 2.2 [ | om

Signal P, = 85% 140 181 185 216 930

S/VEB 4.6 [ =T = -
MSignal B — 100% | 164 212 T 216 | 252 | 1070
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Figure 5: Number of events at W“:X“V’iﬂmm“ versus
Myy for SEWS models (including the combined backgrounds) and for Bﬁvbﬂd"
the combined backgrounds alone in the (a) W+W~ and (b) ZZ final
states after imposing all cuts, I-IIl. Sample signals shown are: (i) the BQYSQ';
SM Higgs with my = 1 TeV; (ii) the SM with mg = oo unitarized via .
K -matrix techniques (LET-K model); and (iii) the Vector model with ﬁuh\w,

My =2 TeV and Ty = 0.2 TeV. In the Z 7 final state the histogram
for (iii) falls just stightly lower than that for model (i) at lower Myv.
Sample statistical uncertainties for the illustrated 40 GeV bins are shown

in the case of the my = oo model.
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Table 5: Total numbers of W*W~,ZZ and W+W+ - 4-jet signal (5) and background (B)
events calculated for a 4 TeV ut ™ collider with integrated luminosity 200 fb~! (1000 fb-!
in the parentheses), for cuts of Myy > 500 GeV, pr(V) > 150 GeV, |cosfy{ < 0.8 and
pr(WW) > 30 GeV, pr(ZZ) > 20 GeV. (For the case of a 2 TeV vector state, events for the
W+W~ channel are summed around the mass peak over the range 1.7 < Myy < 2.3 TeV.)
Events containing a gt or g~ with 6, > 12° and E, > 50 GeV are vetoed. The signal rate §

> is that obtained by computing the total rate (including all backgrounds) for a given SEWS
.cq; , T T r T model and then subtracting the backgrousd rate; see Eq. (4.1). The statistical significance
102 - “"”’* - W'w* X (C) ~ 5/VB is given for the signal from each model. The hadromic beanching fractions of VV
g i ] decays and the W#/Z identification/misidentification are imcluded.
N -4 ]
7 b - e [T | B
L0 1 o My=2 TeV| my =1 1e v= H=
= 10! F s - channels Iy =05TeV { Ty =0.2 TeV | Unitarized
o * - ™~ ] utp — wWrw-
Q ey S(signal) 180 (890) | 370 (1800)
c\‘h -,
< my=1 TeV GO e B(backgrounds) 25 (120) | 1200 (6100)
B 100 | - S|VEB 36 (81) 11 (24)
o E Total Bckgnd nyr wrpm - wZZ
o : Ry S(signal) 360 (1800) | o 2009)
&J M S Y ' U T S I P R SrY | Ak b ' R B(backgrounds) 160 (800) 0 (8&5)
e 0.5 1 1.6 2 2.5 3 © | S/VB 28 (64) AR
M“ ('pev) ptut - spWtwt .
S(signal) 240 (1200) 530 (2500)
B(backgrounds) 1300 (6400} |. 1300 (6400)
S/VB 7(15) 15 (33)
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Threshold Cross Muon-muon Collider

Section Measurements e Sharp beam energy profile - monochromaticity of the beams will
_ prove critically important for some of the physics that can be done
M. Berger at a u*u~ collider.
- Gaussian in shape.
MuMu97 December 11, 1997 - RMS spread R in range j 0.1%
- Then the rms deviation in the center-of-mass energy is
Threshold corrections can be used to measure: R /5
o = (0.25 GeV) ( ) ( )
® masses 0.1%/ \360 GeV
* widths — Beamstrahlung (Bremsstrahlung from beam particles in the EM
e couplings field of the opposing beam) is reduced.
Threshold shape is controlled by: e Initial State Radiation (ISR)

e angular momentum (s-wave, p-wave, etc.)

o final state interactions (¢, QCD)

* particle widths => possibly more precise measurements of thresh-
Collaborators: Barger, Gunion, Han olds



Threshold Processes ptu= > Wrtw-

Motivation:
ptp~ — WHw- - provides measurement of the W mass

o W mass

- prediction for the Higgs boson mass
e indirect measurement of Higgs mass

- test Standard Model at one-loop level

. -
prum =t The W and Z masses are related by the equation
e { mass , o 1/
fw = Mz |1 —
) :[ At W T VRG M (1< 6
o top wi
Ar is the one-loop correction: ~ m?, ~ In M%
‘Threshold cross section
ptu~ - ZH )2
o Higgs mass | a(s) = [ dsy /O(f VU dsap(s1)plss)o(s, s1, s2) [1+ 8¢ (s, 51, 52)]

e Higgs coupling gzzy
o9: Born cross section

. dth
e Higgs wid dc(s, 81, 82): Coulomb correction

prpm = Xt
e chargino mass 5) 1 T'w s
p(s) = =
e sneutrino mass ™ Mw (s — M)? + s°T'}, /My
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20 T T

L EL A I A S A RN I AR R
20 - Eﬁ 10
.- -._-.:.’_'.:,:.:..-_-; °
5 -
15 |
~~ ] T L i i 1
"8_‘ 150 160 170 180 190 200
~ 10 Vs [GeV]
)
5| e Near threshold, o is dominated by neutrino exchange
---- +Ty + Coulomb . . .
i w ] e At LEP II, error is dominated by statistical error
+ Iy, + Coulomb + ISR
0 T T T e Best determination of My comes from a single measurement at
140 150 160 170 180 190 200 210 \/E = 161 GeV
Stirl Vs (GeV) . : :
tirling Statistical uncertainty (assuming 100% signal efficiency and no back-
ground):

s}
AMwy ~ 10 MeV, Esz_,



Error on My,

dMy 1
AM T = A / 3T TAT —
" owu doww Vel

o ldM/dol
(GeV)

3 -

Vo ldM/doi 1
(GeV pb'lfl) b

dM/det
(GeV pbh

Vs - 2M,, (GeV)

e Maximize \/UWW%%% at /s — 2My = 0.5.

e To determine my, need to measure m;, My (also a~}(M z) and
as(Mz))

e With 100 fb~! luminosity:

10 fb
AMW’ ~ 10 MeV m ~ 3 MeV

statistical error

e Can measure the signal to < 1% accuracy, so background level,
signal efficiencies, theoretical cross section must be determined

e Devote some luminosity to measure background and efficiencies to
eliminate systematic errors

V3 = 150 GeV

e o~ !(Mz) measurement must be improved from e*e~ — hadrons
from 1 GeV to 5 GeV.
Known to 10% accuracy: = o~ 1(Mz) = 128.99 = 0.06
If measured to 1%: = +0.03
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Uncertainty in the beam energy Eheam: If the W width is a free parameter, measure cross section at /s =
do "'l do 162 GeV where it is independent of 'y
AMwy = AE
YT ldMwl 1dBpenl
A]\/Iw ~ 1.0 AEbeam-
7 T T T ¥ T ¥ T 1
Muon collider: AEpeam < 107° Eyeam ok — W _J
---- Fy=Tgyt 100MeV
Uncertainty in the W width 'y T )
do [ do 27 ]
AMwy = |——| |=—|A'w >~ 0.16 AT &
w dMw drwl w = 0.16 w o f b
at /s = 161 GeV. 2F 1
1 ) .
3
FW = 2.087 (‘8—()_:3%46-‘_”@) 0156 1;7 * 1;8 l;9 l;() I;l 1;2 I;S 164

Ns (GeV)

My = 80.356 + 0.125 = Al'wy = 10 MeV

If one assumes the Standard Model, the W width is known to a few
MeV theoretically => impact on threshold curve is negligible (1.6 MeV).




Initial State Radiation (ISR)

Convolute Radiator Function

D(zr) = 1+ -2;?(7{"/6— 1/4)

o) -00-3)

o ISR reduces the size of the cross section at the threshold.

e ISR is reduced for muons.

Bremsstrahlung Tail Spectrum

o0 T | ]
1071 |- VE=500 GeV, R=0.1% -
> 1072 k- -
A
10=3 - -
@ 3 3
T 1074 .
3 5 | i
1075 -1
P, 3 U U I S W
0 100 200 300 400 500
V8 (GeV)
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Channels:*

Fully hadronic channel: WW — qgqq
Branching ratio:46%

Signal Efficiency:55%

Signal at /s = 161 GeV:0.97 pb
Background:0.39pb

Semileptonic channel: WW — qgfv
Branching ratio:43%

Signal Efficiency:47%

Signal at /s = 161 GeV:0.77 pb
Background:0.03pb

Fully leptonic channel: WW — fvév
Branching ratio:11%

Signal Efficiency:60%

Signal at /s = 161 GeV:0.25 pb
Background:0.01pb

* Signal efficiencies and backgrounds from detailed study in CERN
yellow report.
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An example mOde: WW — qqqq Signal and background cross sections for u*u~ — W*W~ and the achiev-

able precision in My with 100 fb~! luminosity. A central mass value My =
80.356 GeV is assumed.

0396 qqqq | qqtv fvby
Signal [pb] at /s =161 GeV | 0.97 0.77 0.25
0394 Signal [pb] at /s = 150 GeV | 0.11 | 0.086 | 0.028
Background [pb) 0.39 0.03 0.01

0.392 ¢ AMy [MeV] 9 8 14

Combined precision: AMy = 6 MeV

Background [pb]
=)
w
&

0.388 -
Unconstrained W width
0386 | ]
0'384-15 -|‘0 s 6 5 l‘O 15
AM,, [MeV) TeV-2000 Group Report:

AT'w =~ 20 MeV= AMy = 3 MeV.

Background ~ 0.39pb

' = 162 .
e — Z(1)Z() Take data at /s = 162 GeV

Divide luminosity into Take data at additional \/s = measure 'y
® 1/3 below threshold: /s = 150 GeV

e 2/3 on the threshold: /s = 161 GeV
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Dependence on the strong coupling as(M )

0.6

02}
0.0
335

345 355
E + 2m,{GeV]

0.0
335

355
Vs [GeV]

-2 v - (B F;-)] G(x; E) = 6°(x)

e Larger o, = tighter binding
where I'g is the (running) toponium width, and F = /s — 2m,

e Larger o, = larger cross section

96m2a? 160
O =03 {1 - 37r3} [(QeQ: + vevix)” + (aZvix?)]
xIm G(x = 0; E = /5 — 2m,)
where x = s/(s — M2).
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10 point scan

03 : . i .

m = 174.6 - 175.4 GeV 0.122 + g

0.120 4
° & 018 | .
0.116 4
0.0 ” - 0.114 > L 4 L
335 345 355 1747 174.8 1749 175.0 175.1 175.2
Vs [GeV) m, [GeV]
e Can’t measure all undetermined variables at a single energy o Am,; ~ 70 MeV, Aa, ~ 0.0015
e Scan can be optimized e Theoretical ambiguity in the pole mass ~ Agcp

e 10 fb~! at 10 pts.
e Nominal values: m; = 175 GeV, a,(Mz) = 0.120



Dependence on my, Top quark width

08 - 08

2
VP =08

o [pb]
o [pb]

0

'0335 3135 355
Vs [GeV]

e Higgs mass
e Yukawa coupling
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My = 80.356 & 0.006 GeV, m, = 175 + 0.2 GeV,
+ improvement in a~!(Mz)

T T T T T 12
a
W

§ = 'é- 80‘6-'"']""l""l""l""-

& 10 T 4110 a i -1 ]

g < a - a”'(M;)=128.9910.03 .

= L 80.5 [ a,(M;)=0.118 =

3 z ] g 3 - ]

287 T o o 8 £ o m, =100 GeV =

-g # S = - B804 s

— N X /::,- 1
°, 2 = e ]
e et} et ——! 6 = 803 -]
E S 71000 :

S 0I5 | + 4 3485 80.2 [~ el -]
(2] - ”-”,’ -
= 010 | + 380} gog belon b b b
%’, 150 160 170 180 190 200
% 005 T . - 3415 m, (GeV)

0.00 +

3470
Comparison for the achievable precision in My, and m; measurement at dif-
ferent future colliders.

LEP2 Tevatron LHC NLC wtu~
L (b1 0.1 2 2 10 10 50 10 100
AMy (MeV) | 144 | 34 | 35 | 20 15 20 | 20 6
Amy (GeV) - -1 4 2 2 02 | 02 | oo07

a) [o(peak) — 0(340)]/0(340)
[0(350) — 0(340)] /0 (340)
[o(peak) — 0(350)]/0(350)
\/gpeak

o

Q. o
N N et



{T¢~ — ZH (Bjorken process)

2 N 103 flllll"llll'l!l|]'l‘"ll"fl|
m,, = 50 GeV g
k. 1"17 = Zbb, my=VE-My—0.56 GeV |
102 - ZH Signal =
7 —~ i BO<M 00 <105 eV |
® ) R - recoll 1
3 é 100 E IM(bB)-myl<5 GeV 3
5 - {CON peonl < 0.9 -
X jcopl,gl < 0.9 i
100 - Bekgrnd ® -
10—1 _llllllllIlllllll!llllll]lll_
Vs [GeV] 160 180 200 220 240 260
Vs (GeV)
Cuts:
o \/5 = my + Mz + 0.5 GeV: single measurment to maximize sta- . 1) t'aggmg of bot(;l b’s in the event (for which an overall 50%
tistical significance efficiency will be assumed)
2) | My — Myl < 5 GeV
e ISR + beam effects 3) 80 < Miecont < 105 GeV
e Error in Z width (7 MeV) is negligible;Higgs width potentially 4) | 08 845 econ| < 0.9 (detector coverage)

measurable. Remaining background: £*£~ — Zbb only a problem for my ~ Mz
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Mass determination in the Standard Model

120 v

Am] [MeV)

0 N N
50 100 150 200

Include ISR & and beam smearing:

R, = 01%

e Z-pole

o Precision degrades with larger my
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Beyond SM:

Unknown g%,y BF(H — bb) = /5 = my + Mz + 20 GeV
Unknown Higgs width Ty = /s = my + Mz — 2 GeV

0.4 T
T, =0MeV ¢ independent of I,

=== 400 MeV
03 }F === B800MeV \

o2t o sensitive to T,
)

0.1
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igi 5= Mj +0.5,+20 GeV +oe et
Negligible I'y: /s = myg + Mz + e whu™ = %1%
I'y as free parameter: /s = myg + Mz — 2.0,+0.5,+20 GeV
Motivation:
- provides measurement of the ¥ mass

150 ' ‘ ‘ 1 ' ' ] - test radiative correction to chargino pair production
; -4
2 ] 3
i N t " 2t
o8 Tose 100 101 0 100 200 300 -
fractional deviation in %HBF(H—-)b'S) I, [MeV] %‘
1
o Higgs width small = 50 fb™! at each 0 ' . , .
\/g =myg + MZ + 05, +20 Gev 200 210 220‘15 [Gtv]230 240 250
= 2 b
AMpy =75 MeV, g7z BF(H — bb) to 1.5% More stringent cuts (than required at a /s = 500 GeV) are needed
¢ Higgs width undetermined = lg_q fb~! at each because
Vs =mg+ Mz —2.0,40.5,4+20 GeV - signal cross section is smaller near threshold
_ 2 D
AMp =110 MeV, g57; BF(H — bb) to 2.0%, Ty < 250 MeV - WW pair production is less forward-backward peaked
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e The sneutrino mass can be determined to a few GeV with 100 fb~! Conclusions:
integrated luminosity.

1) Precise measurements of particle masses is possible:
200 ' AMy ~ 6 MeV
Amy ~ 70 MeV
Ampy ~ 20 — 100 MeV for my < 150 GeV
Amg < 350 MeV

2) Measure particle widths:
ATw ~ 36 MeV
Al"t ~ 1%Ft
AFH ~ 100 MeV

3) Measure couplings

0100 1;0 200
M, [GeV] : s .
g%ZHBF(H — bb)
o Cross section depends on mgs and My, 4) Constraints on SM Higgs (Amy = 10 MeV for my = 100 GeV) or

® Sneutrino graphs destructively interfere with the s-channel graphs. virtual effects.

e The sneutrino mass can be determined to a few GeV with 100 fb™!
integrated luminosity.
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HEAVY SUPERSYMMETRY AT A HIGH-ENERGY MUON
COLLIDER

J. F Gunion, 4th International Conference on Muon Colliders, San
Francisco, (December, 1997)

Collaborators: Barger, Berger, Carena, Han, Kelly

TLINE OF TOPI

¢ Cross Sections for SUSY pairs

e Cross Sections for given final state, and contributing pairs

e Techniques for determining SUSY-GUT parameters: errors
First question: Is SUSY heavy?

o There is no guarantee that SUSY will be light.

o Naturalness allows SUSY masses of order a TeV.

e Fine tuning constraints that point to a lower mass scale are somewhat

adhoc, and certainly allow heavy @, d.

o Increasing restrictions from low energy data and rare decays (e.g.

b — s7) are pushing up the mass scale.

e Gauge coupling unification is best (i.e. ‘low’ a,(mz)) for msysy 2
1 TeV.

Why the muon collider?

While the LHC will discover SUSY even if masses are 2 1 TeV\", back-
grounds and low event rates may make detailed study difficult.

A lepton collider with /s 2 2 TeV may be necessary to study heavy
SUSY. In fact, for mgysy ~ 1 TeV, the 3% p-wave threshold suppres-
sion factor for scalar pair states suggests a need for much higher energies.
The muon collider may be the only lepton collider capable of reaching the
required energies.

Sample scenarios:

A representative choice of parameters illustrating the power of a ptp~

collider is:
mo =2myy =500 GeV, tanf =2, Ay=0 p<0. (0.1)

Large mg/m;, = 2 = heavy scalars compared to gauginos. The particle

and sparticle masses obtained from renormalization group evolution are:

myo = 88 GeV, my = 921 GeV , (0.2)
My = Mmyo = 924 GeV , (0.3)
mg, =~ 752 GeV, mg, > 735 GeV (0.4)
my = 643 GeV, my, = 735 GeV , {0.5)
my, =510 GeV, m;, = 666 GeV , (0.6)
my ~ mgz ~ 510 — 530 GeV , (0.7)
my . = 107,217,605,613 GeV , (0.8)
X1,2.34
Mgy, = 217,612 GeV . (0.9)

Pair production of heavy scalars is only accessible at a high energy ma-

chine.



o*e” or u'u” Collisions
108 T T T T

SUORA: tanf=2; u<0
102 E‘} me=2m, p=0.5 TaV .

o (fb)

100

10-1

0 2000 4000 8000  BOOC 10000
Va (QeV)

Figure 1: The production cross sections for SUSY particles in a typical supergravity model with heavy

scalars.

Another scenario: my = 500 GeV, my;, = 350 GeV, tanf8 = 2 and
sign(p) = —. We show the Doy, fipfiy, Hilig and [iglig cross sections.
For fi; iy, and igfig note big cancellation between s-channel vy, Z diagram

and t-channel ¥} diagram.

Smuon and u-type Sneutrino Cross Sections

T T T T
200 |- -

SIRRL

A7 TN

..‘_:,' w Ll
124 t 1 {
1000 2000 3000 4000 5000

V8 (GeV)

Figure 2: The production cross sections for ji and 7, pairs in an mSUGRA model with mg = 500 GeV,
My, = 350 GeV, tan B = 2 and sign(p) = —.

Scaling law: op.x Occurs at 4my for scalars.
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The question is: how well will a high energy muon collider be
able to study a heavy SUSY scenario?
In particular,

¢ How well can we determine soft-SUSY-breaking parameters at a very
high /s muon collider? Especially, simply running at maxi-

mum machine energy.

— 45 different sparticle pairs have significant o.

PO R ~ = P g [P R, ~ =
€L€Ls €RCR, VelVelL, MNP, Hﬁﬂf, Hpitp, VuLVulL

...{...,._
nh,

R B 0K Elldg), XX (alld )
131, @rdR (9 =u d,c,s), biabia, fiohi
RAY HYAY HYH~
— = contributions to many overlapping channels.
— How to organize? = List of observables.

(A) Look at the number of events in channels with large missing

energy specified by the numbers of:
(t’ b, j’ e~’ e+7 /‘I’—_7 l‘l'+’ T—’ ,r+7 hO? Z’ W+7 W—)

where the t, Z, W is called a t,Z,W only if it is hadronically
reconstructable. (Note W* and W~ not actually distinguishable
in jet modes, but we separate for now.)

(B) End points of lepton spectra, and other kinematic distribu-

tions.
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- Parameters to be probed:
* My, My, tan B, m 40, p = 5.
* Ay, Ap, A, = 3.
* MG, My, Mgy, Mag, my X 3 families = 15.
=> 23 parameters, 21 if we assume e — u universality, 19 if we
assume e — p — 7 universality, . .

Note, we will want to avoid mSUGRA assumptions.

— Sample very heavy scenario:
my = My =0.7TeV, Ay =0, tan 8 = 2, sign(u) = +.
Evolve to my, =
- myp =304 GeV, mgg ~ mey ~ 588 GeV,
M9, Mg, Mgk ~ 1.3 TeV,
mg, ~ 852 GeV, mg,, My ~ 750 GeV,
mg ~ 1.6 TeV, my ~ 1.1 TeV, my, ~ 1.5 TeV,

ma0, My, Mmyo ~ 1.7 TeV.
=> Nothing observable for /s < 0.5 TeV.
We have begun by focusing on simple event class numbers, but will
eventually examine kinematic end points and other kinematical
distributions that might give more ‘physical’ handle on sparticle

masses etc.

Sample scenario at /s = 3.6 TeV, L = 1000 fb™! =
Event numbers for (0000000000011):

*
efer=196, I} iy =1511, 7} 77 =196, YVx%=13, ¥x3=18,
Xi X7 =4904, X{%; = X7 X3 =94, X4 X5 =57.
* Event numbers for (0000000010001 ):
€1e;=32, B}y =243, 7} 71 =150, ¥, T, =52,
X1 X1 =790, X§ X5 =10.

* etc.; = ~ 307 channels in all with at least 5 events.

* Channels dominated by particular sparticle pairs are those
which could benefit from kinematics, end point etc. study.

* Background sources must be included. But, for these very high
SUSY masses, all the final state particles will be very energetic,
= reasonably efficient cuts should remove backgrounds.

* Errors on parameters? Compute

dN; oN;
Vi=y B
? 1
then the 1o errors on parameter py, are given by Ap; = [V,Jcl] 2
Preliminary results assuming that backgrounds are
suppressed with cuts 40% efficient for signals, and
neglecting cross-talk and detection inefficiencies,
are sufficiently wonderful that good results may

emerge even after including the experimental ef-

fects.




Ecm=3600 GeV, L= 1000 fb-1 tbjm+e+t+hzw- MUL- MUL+

P L R R L R R T T T T T T I T TS
m0 mhalf tanb AD sign(mu) (0001100002000) S= 849.22, SUM:B= 33.47, S/B= 25.37
700 700 2 2 +1 Backgrounds:

2 22 2R R R2A2XERESE RSS2 222 X X2 2 a2 R sl z3ss z4ss 6.951

SASUGRA spectrum: W2SS+ wW28s- 26.520

(GL) = 1671.29 LA RS2SR s R s R R RS AR R X2 R X AR AR R R R X R R AR R R R R RS R Y R R
M(UL) = 1601.95 M(UR) = 1550.06 M(DL) = 1603.14 M(DR) = 1542.73

M{(B1) = 1431.60 M(B2) = 1542.41 M(Tl) = 1124.83 M(T2) = 1468.12 tbjm+e+t+hzw- MUR- MUR+

M(SN) = 850.15 M(EL) = 852.40 M({(ER) = 750.38 R A e T T T T T e
M(NTAU)= 849.99 M(TAUl)= 749.92 M(TAU2)= 852.35 {0001100000000) $=17883.23, SUM:B=20293.59, S/B= 0.88
M(zl) = -303.72 M{z2) = -587.71 M(Z3) = 1264.71 M(Z4) = -1274.51 Backgrounds:

M(Wl) = -587.64 M(W2) = -1273.08 MUL~ MUL+ 884,293

M(HL) = 101.26 M(HH) = 1706.22 M(HA) = 1703.22 M(H+) = 1706.19 MUL- MUR+ 8995.840

R R R 22 SRR R EE2 22222 RS RAR SRR E8  R AR LS MUR— MUL+ 9118-672

MUL- MUL+ rate= 12172.73 TAU2~ TAU2+ 5.003

MUL~ MUR+ rate= 33378.03 NUMUL ANUMUL 1164.108

MUR- MUL+ rate= 33833.79 W1SS+ W1Ss- 125.670

MUR_ MUR+ rate-_. 17885.11 LA SRR R AR R R R R RER RS R R R R R R R R R R R X R R R R R R R g R U g ey

EL- EL+ rate= 1554.167

ER- ER+ rate= 1533.069 thim+e+t+hzw- EL- EL+

TAUl- TAUl+ rate= 1539.191 R R T TR T T ey
TAUl- TAUZ+ rate= 0.7034547 (0000011001000) S= 219.57, SUM:B= 29.75, S/B= 7.38
TAU2- TAUl+ rate= 0.6959620 Backgrounds:

TAU2- TAU2+ rate= 1573.151 NUEL ANUEL 17.750

NUMUL ANUMUL rate= 45228.20 W25S+ W2Ss- 12.002

NUEL ANUEL rate= 651.5657 LA AR AR SRR RS R RS S SRR R R R R R X R LR R R R R R R R R R R R R R G g g aprrprapry
NUTL ANUTL rate= 653.4714

UPL UBL rate= 398.0474 tbhijm+e+t+hzw- ER- ER+

UPR UBR rate= 354.4904 FBALBLLBLILLLRLELLDLELLABBBLLLLLLLLBLLESIBBBLILUILLLLLLLLLILRELE%%%
DNL DBL rates= 274.3336 7000011000000) S= 1532.91, SUM:B= 279.86, S/B= 5.48
DNR DBR rate= 94.29294 Backgrounds:

1L CBL rate= 397.1439 MUL-~ MUL+ 35.985

LHR CBR rate= 357.3556 EL- EL+ 111.164

STL SBL rate= 269.9235 NUEL ANUEL 16.152

STR SBR rate= 93.09464 W1SS+ wWlss- 116.564

BTl BB]. rate: 633.5463 (AR A SRS LR R R R E R R R R R R R T R R R R R R R R X R R R R R R R R

BT1 BB2 rate= 0.8070134

BT2 BB1 rate= 0.7995916 tbjm+e+t+hzw- TAUl- TAULl+

BT2 BB2 rate= 92.45900 R A R T e T T T e
TP1 TB1 rate= 1231.120 (0000000110000) S= 1537.06, SUM:B= 304.80, S/B= 5.04
TPl TB2 rate= 82.04109 . Backgrounds:

TP2 TB1 rates 81.56010 MUL- MUL+ 39.515

TP2 TB2 rate= 732.1298 EL~ EL+ 5.045

2188 7288 rate= 2690.753 TAU2- TAU2+ 115.261

Z18S Z38S rate= 9.618688 NUTL ANUTL 16.979

218Ss z4SS rate= 47.57231 W1SS+ W1sSS~ 127.998

Zzss Z2SS rate= 4367.847 ddkhkddhrddekAh Rk R dd o hdkdr ek ok gk ek b de s e e o b o gk vk ke ok e ok o e ok e o

Z28S Z3SS rate= 49.19982 .

7288 7488 rate= 64.59089 tbim+e+t+hzw- TAU2- TAU2+

2388 2388 rate= 9.9108985E-04 L e et R R SRR R A R S TR R A R e
2388 7488 rate= 3316.737 {0000000111000) S= 224.78, SUM:B= 31.97, S/B= 7.03
2488 Z48s rate= 0.1961340 Backgrounds :

W1iSS+ W1SS- rate=s 10724.61 NUTL ANUTL 18.648

W1SS+ W2SS- rate= 163.7627 W28S+ W28Ss- 13.320 .

WZSS+ w1ss_ rate= 164-6032 2 ZZE XSS 2SR SR Z R R R R RS R 22222 20t 2R XXXttt R RS R RS
w288+ W2SS- rate= 7952.125

HLO HAOQ rate= 2.4226173E-03

40 HAOQ rate= 31.41072

- H- rate= 73.50754
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tbim+e+t+hzw- NUMUL ANUMUL
FETELLLLLTLLLBLLLLLALLLLBABBITLLLBLVLTUVALDLSIFLVLLIIELLLLLILLLIHE%%
'0000000000000) S= 2374.46, SUM:B= 74.49, S/B= 31.87
Backgrounds:
NUEL ANUEL 34.207
NUTL ANUTL 34.321
218S Z2Ss 5.965
(0001100000011) 8= 5579.38, SUM:B= 27.89, S/B= 200.05
Backgrounds:
Z38S 248S 27.890
(0001100010001) S= 898.72, SUM:B= 0.00, S/B= -1.00
(0001100100010) S= 898.72, SUM:B= 0.00, S/B= -1.00
(0001100110000) S= 145.31, SUM:B= 0.00, S/B= -1.00
(0001101000001) S= 857.64, SUM:B= 0.00, S/B= -1.00
(0001101100000) S= 138.15, SUM:B= 0.00, S/B= -1.00
(0001110000010) S= 857.64, SUM:B= 0.00, S/B= -1.00
(0001110010000) S= 138.15, SUM:B= 0.00, S/B= -1.00
(0001111000000) S= 132.38, SUM:B= 0.00, S/B= ~1.00
(0001200000001) S= 892.22, SUM:B= 0.00, S/B= -1.00
(0001200100000) S= 143.72, SUM:B= 0.00, S/B= -1.00
{0001210000000) 8= 137.15, SUM:B= 0.00, S/B= ~1.00
(0002100000010) 8= 892.22, SUM:B= 0.00, S/B= -1.00
(0002100010000) S= 143.72, SUM:B= 0.00, S/B= -1.00
(0002101000000) S= 137.15, SUM: B= 0.00, S/B= -1.00
(0002200000000) S= 142.68, SUM:B= 0.00, S/B= -1.00
A SRR RSl RES S ARt s AR R R R R R R R R R R ]
tbijm+e+t+hzw- NUEL ANUEL
FLEIBLVLLDLULLRTLLLADRLLLBLBLIFTLLLLBBBEILLLLABBILLVLBLHILLLBBEHE2%%
(0000011010001) S= 12.95, SUM:B= 0.00, S/B= -1.00
7000011100010) S= 12.95, SUM:B= 0.00, S/B= -1.00
,0000012000001) S= 12.38, SUM:B= 0.00, S/B= -1.00
(0000021000010) S= 12.38, SUM:B= 0.00, S/B= -1.00
(0000111000001) S= 12.83, SUM:B= 0.00, S/B= -1.00
(0001011000010} S= 12.83, SUM:B= 0.00, S/B= ~1.00
I3 2SR SRR SRR R R R R R R Y R R R P R R R R ]
thim+e+t+hzw- NUTL ANUTL
L R R e T T T e T
(0000000120001) S= 13.01, SUM:B= 0.00, S/B= ~1.00
(0000000210010) S= 13.01, SUM:B= 0.00, S/B= -1.00
(0000001110001) S= 12.39, SUM: B= 0.00, S/B= -1.00
(0000010110010) S= 12.39, SUM: B= 0.00, S/B= -1.00
(0000100110001) S= 12.87, SUM:B= 0.00, S/B= -1.00
(0001000110010) S= 12.87, SUM:B= 0.00, S/B= -1.00
2R R RS Z RS2 RS R XER R 2R R sl iR A it R 22 iR s R 2R R 2 X R RN TR R R R
tbjm+e+t+hzw- BT1 BB1
ER R R R R T L T T LT
{0200000002000) S= 22.82, SUM:B= 0.00, S/B= -1.00
(1100000000012) S= 10.50, SUM:B= 0.00, S/B= ~1.00
(1100000000021) S= 10.50, SUM:B= 0.00, S/B= -1.00
(2000000000011) S= 48.60, SUM:B= 0.00, S/B= -1.00
2 E RS2 RZRSE S RZR R R RS RS2 SRR R d X222 Rz a2 a2 iR i s R E 23
tbjm+e+t+hzw- BT2 BB2
FEEAFLTFILELLALIBILBIILDILVBLLLBILLBLUBBILLHILBALBLBLLBLLRLBBLBBH9%%
(0200000000000) S= 77.70, SUM:B= 0.00, S/B= ~-1.00

e R R R R R R R RS RS S RS R R R R RS2 RS2 RERER R T EY
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tbhijm+e+t+hzw- TP1 TB1
THEELLALLBLILLVVLBLLLLALILLLLLALBLLLLALBLBTLIBBILILLLVBLBGTILLBH9%%
(1000000010000) S= 29.98, SUM:B= 0.00, S/B= -1.00
(1000000011000) S= 13.54, SUM:B= 0.00, S/B= ~1.00
'1000000100000) S= 29.98, SUM:B= 0.00, S/B= -1.00
1000000101000) S= 13.54, SUM:B= 0.00, S/B= -1.00
(1000001000000) S= 29.98, SUM:B= 0.00, S/B= -1.00
(1000001001000} S= 13.54, SUM:B= 0.00, S/B= ~1.00
(1000010000000) 8= 29.98, SUM: B= 0.00, S/B= -1.00
(1000010001000) S= 13.54, SUM:B= 0.00, S/B= -1.00
{(1000100000000) S= 29.98, SUM:B= 0.00, S/B= -1.00
(1000100001000) S= 13.54, SUM:B= 0.00, S/B= -1.00
{1001000000000) S= 29.98, SUM:B= 0.00, S/B= -1.00
(1001000001000) S= 13.54, SUM:B= 0.00, S/B= -1.00
(2000000000000) s= 179.88, SUM:B= 0.00, S/B= -1.00

LA RS SRS SRS SRRl RS R 2R 2R 2SR R R R 2R R R R X R RN
thim+e+t+hzw- TP2 TB2

L L e R T T T T
(2000000001100) S= 22.65, SUM:B= 0.00, S/B= ~1.00

L2222 AR RS2 RS R R R R R R R R R R R R X R R I R S TR R R R R R
tbijm+e+t+hzw- 238S Z4s8S

B R e T e T T YT
(0000000000022) S= 265.38, SUM:B= 0.00, S/B= -1.00
(0000000003100) S= 220.24, SUM:B= ¢.00, S/B= -1.00
(0000000010012) S= 85.95, SUM:B= 0.00, S/B= -1.00
(0000000100021) S= 85.95, SUM:B= 0.00, S/B= ~1.00
(0000001000012) S= 81.98, SUM:B= 0.00, S/B= -1.00
(0000001010002) S= 13.28, SUM:B= 0.00, S/B= ~-1.00
(0000001100011) S= 26.55, SUM:B= 0.00, S/B= -1.00
(0000010000021) S= 81.98, SUM:B= 0.00, S/B= -1.00
(0000010010011) S= 26.55, SUM:B= 0.00, S/B= ~1.00
7000010100020} S= 13.28, SUM: B= 0.00, S/B= ~1.00
\0000100000012) S= 85.11, SUM:B= 0.00, S/B= -1.00
(0000100010002) S= 13.78, SUM:B= 0.00, S/B= -1.00
(0000100100011} S= 27.56, SUM: B= 0.00, S/B= -1.00
(0000101000002) S= 13.15, SUM:B= 0.00, S/B= -1.00
(0000110000011) S= 26.29, SUM:B= 0.00, S/B= ~1.00
(0001000000021) S= 85.11, SUM:B= 0.00, S/B= ~-1.00
(0001000010011) S= 27.56, SUM:B= 0.00, S/B= -1.00
(0001000100020) S= 13.78, SUM:B= 0.00, S/B= -1.00
(0001001000011) S= 26.29, SUM:B= 0.00, S/B= -1.00
(0001010000020) S= 13.15, SUM:B= 0.00, S/B= -1.00

KAERAAARNRAARNANR A AT AR AR T A RATA NI A AR AAA A AR T AR IR AR rhhh ok
tbim+e+t+hzw- W2SS+ W255-
L T R R R e e T+t
(0000000000211) S= 169.11, SUM: B= 0.00, S/B= -1.00
(0000000010201) S= 27.24, SUM:B= 0.00, S/B= -1.00
(0000000100210) S= 27.24, SUM:B= 0.00, S/B= ~1.00
(0000001000201) S= 26.00, SUM: B= 0.00, S/B= -1.00
(0000010000210) S= 26.00, SUM:B= 0.00, S/B= -1.00
(0000100000201) S= 26.99, SUM:B= 0.00, S/B= -1.00
(0001000000210) S= 26.99, SUM:B= 0.00, S/B= -1.00
(0200000011001) S= 23.51, SUM:B= 0.00, S/B= -1.00
(0200000101010) S= 23.51, SUM:B= 0.00, S/B= ~1.00
(0200001001001) S= 22.43, SUM:B= 0.00, S/B= -1.00
(0200010001010) S= 22.43, SUM:B= 0.00, S/B= -1.00
(0200100001001) S= 23.29, SUM:B= 0.00, S/B= -1.00
‘0201000001010) S= 23.29, SUM:B= 0.00, S/B= -1.00



Our example case, with E,, = 3600 GeV, L;,; = 1000 fb~! E.m = 500 GeV, L;in = 20 fb™!
my = 700, myj2 =700, Ag = 0, tan § = 2, sign(u) = +1 mg = 200, my e = 150, Ag =0, tan 8 = 2, sign(p) = +1
(masses in GeV) (masses in GeV)
I my |tanf u my | tanf
P | 1264 | 1703 | 2 P | 326 |441 ] 2
AP, | 48 | 7.5 |0.018 APy, | 27 | 5.0 | 0.078
AP/P | 0.004 | 0.004 | 0.009 AP/P [ 0.008 | 0.01 | 0.04
At Ab Ar Ml M2 Ag Ab A-,- M1 Mg
P | —1107|—1808] —450 | 305 | 596 P | -200|—481]—-104] 61 | 126
AP, | 1 18 |200077 | 21 | 018 AP, | 60 { 27 |1300 32| L5
AP/P| 001 | 001 | 477 [o0.007 [ 0.0003 ‘ AaP/P| 002 [ 005 | 10 [0.05]0.01
Mg, | My, Mgy my | My My, | M | Man | May, | Mep
P [1602 | 1542 | 1550 | 852 | 750 P | 417 | 404 | 406 | 227 | 208
APy, | 62 | 110077 | 9200077 | 7.6 | 9.9 AP, | 15 | 62 [26477| 1.3 | 1.2
AP/P {0004 | 0777 | 6077 |0.009 | 0.01 AP/P | 004 | 0.2 | 0.777 | 0.006 | 0.006
MG, | Mg Mz, | mp, | mag Mgy, | Min | Mep | Mg, | Man
P [1602 | 1542 | 1550 [ 852 [ 750 P 417 | 404 | 406 | 227 | 208
AP, | 12 |110077 [ 8700077 | 21 | 14 AP, | 1677 | 61 | 200 | 2.8 | 3.0
AP/P{0.007 | 0.777 | 6077 | 0.02 | 0.02 AP/P |0.0477| 0.2 | 0.5 | 0.01 [ 0.01
Tiige, | Mig | Min | Miy, | Man s, | Mg | Min | Misy | Mon
P | 1431 | 1542 | 1152 | 851 | 749 P | 368 | 404 | 297 | 227 | 208
APy, | 76 | 82 | 62 | 3.1 | 17 APy, | 37 [ 61163 20 | 41
AP/P | 0.005 | 0.005 | 0.005 | 0.004 | 0.02 AP/P | 0.01 |0.02]0.02]0.008]0.02
??7’s => increased accuracy needed in computing derivatives; ignore for 7?s = increased accuracy needed in computing derivatives; ignore for
now. now.
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This second case displays a remarkable feature: B = 500 GeV, £y = 20 fb-1

Good determinations of squark and slepton masses are possible even when my = 200, my 5 = 150, Ag = 0, tan 8 = 2, sign(u) = +1

these particle pairs are not directly produced.

(masses in GeV)

This sensitivity arises from the dependence of the braniching ratios for g | ms |tanp
P 326 [441 | 2

decays mediated by off-shell (below threshold) virtual exchanges of the AP/Pomsen [0.008 | 001 | 0.04

squarks and sleptons on the masses. AP/P..1000 | 0.008 | 0.01 | 0.06

Ae | A LA ITM M

P —290 | —481 | —104 | 61 | 126
AP/Poos00 | 0.02 | 0.05 | 10 ]0.05 | 0.01
AP/Pooio000 | 002 | 007 | 8 |0.06|0.01

r"nél‘_ Mg, | Map | Mg, | Mey
P 417 | 404 | 406 | 227 208

AP/Pp=3000 | 0.04 | 0.2 | 0.7 ] 0.006 | 0.006

AP/Pu=10000 | 0.04 | 0.2 | 0.02 § 0.003 | 0.004

mdh Msp | Mep | My, | Mip

P 417 | 404 | 406 | 227 | 208
AP/Ppz3000 | 0.04 | 0.2 | 0.5 | 0.01 | 0.01
AP /P z10000 | 0.003 ] 0.2 | 0.4 | 0.01 | 0.02

Mgs, | Map | Mig | Ma, | Mia

P 368 | 404 | 297 | 227 | 208
AP/Po3m0 | 0.01 |0.02 | 0.02 | 0.008 | 0.02
AP/Poe10000 | 0.01 |0.04 | 0.02 | 0.009 | 0.02




CONCLUSIONS

e High energy is definitely needed for decent sparticle pair
rates in the typical heavy SUSY scenario: scalar pair

cross sections peak at /s ~ 4my.
e Heavy SUSY at high energy = many different final state channels
(t,b,4,e et p w7 T R0, Z W W),
with many different contributors.

e Rates in each channel depend significantly on the (23) model param-
eters, = expect to demonstrate ability to extract parameters with
good accuracy, even after including mis-identification, detection losses,
beam hole loses, and so forth. (Of course, these experimental ingredi-

ents must be fairly accurately known.)

¢ Provided the large luminosities we have assumed are
achieved, we have high hopes that one can simply turn
on the high-4/s muon collider and determine the soft-

SUSY-breaking parameters after a few years running.

o Parameter determinations can be checked/confirmed via detailed fi-
nal state kinematics, such as spectrum end points, and by seeing how
channel rates and kinematical structures change as a function of ma-

chine energy.
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LHC Point 5

mg = 100 GeV, my /> = 300 GeV,
Ao =300 GeV, tanf=2.1, sgnu =1

M (56;) =119 GeV
M(X7) = 228 GeV
M (eR) = 157 GeV
M(iig) = 157 GeV
M(pp) = 232 GeV
M(g) =769 GeV

M(hg) = 95 GeV

M (92%) = 228 GeV
M(x3) = 565 GeV
M(eL) = 241 GeV
M(ii;) = 241 GeV

M(;) = 494 GeV
M(H,) = 613 GeV

Ndte . differenes between Pj‘thnq aad

ISADET Seedrq are mtm"‘o-\'(‘ here .
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LHC Point 5 4
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Cross-sections in fb for utpu— — X: 10° m,,>3og;/;1:§
T ()
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Z M_ff 1900 2300 3300 5400 Fig. 1: Standard model reaction Cross-
A 560 480 290 150 sections at LEP-200. (Frown J-FGevaz
Lav 99-6¢4)




Two ‘bcbdj éeuﬁj S

A'Ip. - ’Z‘M L0070
T Teu 74Jo
€ xXie 1000
S .= e %92

In f'QSt Fﬂ\"'e oﬁ Slef;h)n ( ne,l?tf'ﬂj IPPTO\ hq!g)
6o _ Mi. M
Eleﬁ\h = slephn M.sp
aMS‘PP'bq
Use max and win bousts to lab frame t Rad
MX)"'." Elo ofo. a 2
= "—Q'L:—ZS#- Msfeghn — M5
leglon eghon ~ Misteptan
g &Ms“?""rs- + [ R ‘,'4
'. epton slepb\)—‘lﬂ;/,r&%
In s.nr(es‘(‘ Cases €9 M"A: -~ 1&21:(\;:
Mytoghn = MStagn = M(3)

"}

x " .
D Hearwe | puny Eiggha 1 Fd Msteghas Misp

223

Culs for swmuom, selectron produition :

— Exactly A tselated muons, electrns
aad no ‘)e‘ks

~ Efegton >10 Gev
~I'Z"(‘h‘“' < [.3
— |Ad,,| < 09T

— Ey S a206Gev
= ngv\a‘ accee'ta‘\fe ~5 0%

Pt’\"l cc'
ATLFAST J.as

lJMre.’ deteth" backjrovnds
Sneqr;-\g

L S Y

Tgnace : Po'q c12atiom



224

- LHc Pe;-\f‘:‘
NS = (00 GeV Vs = 600 Gev
W Slegton par
and Waur badtgmmds éplon parrs
1400 |~ C
L 200_—
1200 ~ 175:_
1000 |- 150 -
L 125 [
800 - T
i 100 |
600 |~ i
wool- :
200 -
0—n|45_J_J.JL:_J-aA/—'|‘rrI'J111'1::1]:.::[: Ollnllnnnllnlxnlﬂ|||l|1..[1:11':
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Lepton 1A, Lepton iAp,,i



LHCputS == Coo Gev LHC ponl 5
JS = $60 Gev
S(eﬂm Pq;q wFler ct B+ 30 GeV 10 g’ susY + SM bq,ckjromds
" > N
120 p- S !
% 180 |-
- @ L
100 l 3 160 ;-
L 140 [
i . Smuons
8O |- - "4
120 C
50 i 100 —
I 80 —— L
40 -~ 60 —
- a0 2,‘(‘ aad svsY
20 |- X 3
- 20 - 1'%
- 4
0 P N SRR WA 11 o B N N B S o Ll iifmpniiys B SR
0 50 100 150 200 250 300 350 400 0 250 300
eV
Dimuon Missing E7 (GeV) Frepan (GEV)

225



226

~Hc Pom‘t <
VS = GO0 GeV

[ FI;' smuons + d\qqfao chkgamd

tHC powt S
J5 = 00 GeV

10 6" SUSY + SM chkjav\ds

7 selectrons

' o
1t '

!
vhed
-l e temd 1L
! . i
h I N

1
)

> > 45
S L 3 r
n » wn
2 180 E| i
& | & OF
=< o 8 L
* 160 r
i 35
140 |- L
120 - L
. 25
100 |- ¥ Smuons -
! 20 -
80 |- -
L 15 L
60 [~ !
[ 10F|i-
40~ . B
I chargi~os [ 1
20 |- . Sl
O i J ] ....... 1'..“}":- 13 I 1l 1 l 1, 1 J. 1 0 C 1
0 50 100 150 200 250 300 Y
Erepen (GEV)

200 250 300
E,epm (GeV)



LHe porit § LHe pomt &
VS = €00 Gev V5= 080 GeV

ot ds - .
[0 b sSusy + sM backgeon 10§ susy s,,nq', Flavor subtraited

= 160
[4) o
3 i > 160
g 140 |- § i ..E”d s ¢ L
P £ a0l Salo: 118 GeVv, 9 GeV
= 120:_ i [ E&ZL 1 105GeV, !l GeV
I BRESE total ILE'L: 2A0F GeV, 4Q GeV
o Tt < B0 : 181 GeV, 4¢ Gev
slegtons 100
80 |- e F C
: 80 |-
60 |- i
- 60 |-
40 |- I
20 i
b 20|
ol T S N SO R SR T v B Wi ) RRLUe LU i
0 50 100 150 200 250 300 ]
Facyn (GV) O T T 150 200 750 300
Two flavor subtactiony are P‘"S'Ue-' Eiepion (GeV)

M- €e”
or A+ €€ —ue-uet

227



228

Eq.
At —y Al (p0) S (pa)
Ly XJ(po)Aulpe)
L

(PQM(PD /

160 - anS - Fronell Method
140

f
il
T

ip - ee Events/5 GeV

i
———

60:— J»
40&- . . L

5 . M= EL-IR IR Firs
20 |- !

: 1 Ty i '

) O B JF - ]L,+,++|++,_, , E Use 7{+g s es‘tlndtm' of 630.'

0 50 100 150 200 250 300

Eyepion (GEV)

Ftov\ IF@\ and D-F|';nc|'
PRD4q (1M¥) 2369




LHC Pbm‘t c

V5 = (00 Gev ~Hc pont s

VS = (00 Gev
10 F‘;‘ SUSY + SM backerJs

"' Y+sm b Counds
input M(Rp) =119 GeV |0 #67 SUSY + 51 backgfoun

n'npvt M(XP)=19GeV

225

» >
3 L § 70
EIN: : ER: :
B 200 f Bl
= r = L
Ea o 4 60 -
175 I
L 50
150 - L
125E— : 40 |
100 |- i
N 30 -
75 :. -
- 20 E
50 - SMW'\S N
i 10
25  uSy+3SM i -
i b“k.’ wnds ' 1 T BT A T P
- [ i Hn‘l """ e e U e T
h. o d sl PR IO T T PTen L TAE Sv i Ieue - 1 s AR UU Tl LN RN s M v ol Laoaoa o b aabrhHareiiss [T Wl A & ;-1“1171‘mr‘.'¢lnrr-'].—l"uh.’m:‘rr
%o 110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200

~ M, ... (GeV) mé\a =I5 GQV M., on (GEV)
M(fig) = 157 GeV

229



230

Vs = 300 Gev

Another SUGRA point - g
Ceass-sedton Qr ' — \j.m\?«. = 560 Rp

Good he Snelemo Pd;fs

Deccu,s ‘
/ >t F
mg = 225 GeV, my /o = 200 GeV, VML '“} xl A 5570
Ag =0 GeV, tang =2, sgnu =1 -)'Z." Ve 23%
5(’40 YV 2290

se Ko Bajes g

M) =77 GeV  M(X9) = 146 GeV
M(Xi) =144 GeV M(X3) = 436 GeV

M(Eg) =240 GeV M(51) = 269 GeV 5'9"“’ hr snedtrie pares .

M(jig) = 240 GeV M(ji;) = 269 GeV ‘.~ ‘
M(pp) = 262 GeV A+ )?13 + £,
M(5) =546 GeV  M(f;) = 325 GeV Use .
M(ho) =92 GeV  M(H,) = 547 GeV Same cis as previos  excepl

repace Nt > 2




A SUGRA ponl .
S s
VS = 00 GeV
WECIEY) 20 65" 35, Bu + other SUSY
20 FL VML))AK AL °
3 3
] 60
e oL EnJPO»dS! A5 Gev § L
g i 3%t Gev H I
2 I 2 oL
50 :
I ‘ 20 |-
wl J i
ol 30 |-
- I
20 :_ r 20 _—
I - all other SUSY
10 10
o—r-!»IA;IIIJllLlLIIIlllllllLll!l'Jllllll 0- llx‘xxu:‘: lf:;l‘l:-: i‘l-'r-l:s-';"f‘-i;,ﬁllxi‘nxnl:lta
0 50 100 150 200 250 300 350 400 0 150 200 250 300 350 400
E_ .. (GeV) E ooa (GEV)

231



232

Ancther SUGRA Po;'d_ Anothe~ SUGRA (ao:at
3 =200 Gev V5= %00 Gev
~Q FE‘ )):M..SML + SM L“(kj"“"ds 20 F\;' ﬁAL Vv
(bt ne ) Impit MCXD) = 1499 GeV
% %
S ot I
g 60 ? 25 |-
4 S I
s0 |- [
s 20 —
J ¢ vy
40 -
30/
20:
- |
2,Y backgunds ~ '
lIL N [ ,
0'-5,,,|,EE , ,|“,,|,A,,|,,,“l——,‘u,|,,,‘,,,_ 0_,...|....l....1,...|..,.|....I.L..ll.ﬂ””_.ﬂn.n.
4] 50 100 150 200 250 300 350 40C 200 210 220 230 240 250 26?~ 270 280 290 kislel
E pon (GEV) M., (GeV)
=2 don't need to e the trileplun +)¢hy 4 &, 22 GeV

Stgnal of [aer stal to Kill b“k}rmds?



Ancther SUGRA POM'C
Js = guo Gev

- & A heavy SUGRA point
20 65" i Ve + other SUSY

-

35

pit Events/l GeV

30 [
I mg = 500 GeV, myp = 350 GeV,
Ag =0 GeV, tang =2, sgnu = -1

25 [~

20

<

(tk

M(X9) = 145 GeV M (%X9) = 300 GeV
M(x7) =300 GeV M(x3) =741 GeV
M(ég) = 519 GeV M(éL) = 558 GeV
M(jig) =519 GeV M(jiy) = 558 GeV
M(PL) = 555 GeV

M(3) =906 GeV  M(f;) = 650 GeV
M(hg) =87 GeV  M(H4) = 1029 GeV

oﬂf‘s‘)“_ N

alt

R RS RN St I LT I IR R lT:H 1 im 1 .
200 210 220 230 240 250 260 270 280 290 300
M, .. (GeV)

233



Heo‘/j SUGRA
Js = 1400 GeV

100FL ' Susy srgmal

mt

3 EM‘PQ!:\."S N
3 a0l 2‘ T . v
5 adp : 539 GeV, 106 Ge
5]
¢
3 120
{
/htn
100 |~
80 |~ Vi
60 -_‘ P‘l -¢
- [ ~f
I
40 |
L4
20 _»,&e,
o Uit ¥, G N L P R
0 100 200 ‘x 300 400 500 A00 700
A d

2.0,

Eicpeon (GEV)

234

Neawy SUGRA eo-«’c
VS = 1400 GeV

100 f&™" SUsY signal

uy Events/1 GeV

40 -

30 -

0
450 460 470 480 490 500 510 0 530 540 550
o M_ .o (GeV)
M%) = 519 Gev




CONCLUSIONS

1. Precision measurements w/o0 polarization
are possible, but disentangling sleptons is
a challenge.

2. Need a minimum of 10-20 fb—! integrated
luminosity for this type of analysis at /s =500-
800 GeV.

3. Detector resolutions, not backgrounds, will
dominate the final error bars.

4. Variety of possible measurements comple-
ments LHC, NLC. May be prerequisite in
some cases for finding s-channel resonances. (D)
May be only game in town for heavy slep-
tons.
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/

1 Models and Types of New Particles

e Many models approximate SM at present energies but have

much richer particle spectrum above 100 GeV

~ Extensions of Standard Model Gauge Group
* (SUSY) GUT
« Extra U(1) Factors : Eg — SU(5) x U(1), x U(1)y
- Left-Right Symmetric Model
Es/SO(10) — SU(3). x SU(2), x SU(2)p x U(1)
* non-GUT
- Un-unified model (Georgi et al)
- Horizontal model {Bagneid et al, Li & Ma)
- Axigluon (Frampton et al)
- Topcolour {Hill and Parke)

- and on and onand on ...
~ Composite Models

~ Technicolour Models

¢ Many Many Models

-




New Particles and Interactions at High Energy Muon Colliders ) New Particles and Interactions at High Energy Muon Colliders

/ \ /2 New Fermions \

e To extrapolate to Planck scale need complete low energy

particle content . .
e 4th generation fermions

o Need to elucidate and complete the TeV particle spectrum ) )
¢ vector-like fermions
e Many types of new particles: . .
. _ ¢ mirror fermions

— Extra Gauge Bosons
) Except for singlet neutrinos new fermions couple to the photon
~ Leptoquarks {(B=:41/3, L=+1) ! 5 . . ! . I .
_ and/or weak bosons with full strength allowing for pair production

— New Fermions with unambiguous cross section
!

x 4th generations: é)’ y U U
L 7.
YZ F
tl
* Mirror Fermions: t}, ¥, ,
> 91 b -
<+
Mm F
t' v
*\«'YGCtOYfGl'ID.iOHSZ B LIS R N S R A R S B L A B S R
3 b 200 | ) a(e'e »LL) [fb] ]
L 1 Vs=1 TeV

%« Singlets (like massive neutrinos)

Lt

— Excited Fermions; Substructure so f — f Wy, W, Z,g)

—~ Extended Higgs Sector

20— ".\
~ Dileptons: B =0 and L = 2 |
10 - ;
— Diquarks: B = +2/3 and L =0 g me (Gev] E
5 o 1 I3 i 1 I 1 L 1 1 l i L 1 1 I L 1 1 ]
- Pseudo Goldstone Bosons 100 200 300 400 500

— Vector Resonances

-~ TRULY WEIRD

- 2N

¢ Produced via utu~ — FF through s-channel so ¢ ~ oy

e Masses close to kinematic limit can be probed

/
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/

\

o For conventional QN’s new fermions can mix with their SM
partners

Mixing constrained by non-observation of FCNC

o If mixing not too small can produce singly in association with
light partners

If possible the mass search is much higher for a given collider

Dominant decay via charged current

lll‘llllll

|- 1 UL
- aB o(e’e »LI+IL) [fb]
- L= k=

0.1

IR ERALLL

GeV
10° Illllllllllln.lll'l[leJ_L

200 400 600 800 1000

- )
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;

3 Leptoquark Production

o Colour (anti-) triplets

e SpinQorl

Clarry baryon and lepton quantum numbers

Appear in Guts, technicolour, composite models

Signal is high py lepton balanced by a jet

Convolute with quark distribution inside photon

o(5) = [ Fupsls MO0z = (M35, M2)

¢ And convolute with the photon distribution:

o(ptu™ o XS)

N

272 Ko,

S

21 Qo & 't ; i . ,
m — / e fo 1@ 8 2) foy 1 (M2 [ (05), M2)
- Mz/s

%
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— e
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Dash: Vs = 500 GeV, L = 5 x 10%
Solid: Vs = 4000 GeV, L = 100 X 10
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»‘\\
123
3
g ot P
1Y
]
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A e
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Note that produce 2nd generation LQ

Leptoquark discovery reach in GeV based on 100 events

~

ptu™ Colliders
V3 (TeV) Lt Scalar Vector
1/3,-5/3  -4/3,-2/3 | -1/3,-5/3 -4/3,-2/3
0.5 7 250 170 310 220
0.5 50 400 310 440 360
4.0 1000 3600 3000 3700 3400
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4 New Gauge Bosons

\‘

A->/v(/v\,<' \ " . ‘
B : ? n>/\AN\<;

dop o
= — {ICLL*(1 + cos0)? + |CLr|?(1 — cos §)2
dcos 0 4s {' ' ( ) l LRI ( ) }
Ci; = —Qs+ C?CJ! 8 {azr/gz0 )205!(’:}’” s
J 232 (s—Mz)2 +ilz Mz e 82, (8 = My)2 +4il' 0 My,

10°

o(U'w—e'e) (pb)

0 1000 3000 4000

2000
Vs (GeV)

SM, Mz =3TeV: Zy, Z15n, Zarp, Zosis
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NLC (et e?)
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+
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5 Contact Interactions

2 Mzi>>s 42
1. 951 z G
" z f e //“\\
A+ f et S~
Mpo>>s
I . AQem Le Adrey
o LQ: 7 I

S

e Substructure

¢ Generalize to:
L = - "[771,1,(él,?’;L(gl,)(.f)-IT‘ltfl')

+ mrleryeer)(Fry" fr) + nr(Erveer)(fLy" fr)

+ nrr(erv.er)(foy" fr)]-

~
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f

6 Final Comments

¢ High energy reach

Relatively clean environment
e Need to consider polarization
o Need Z' identification studies

e Need detailed simulation studies with backgrounds

Look for Genuine Surprises!
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