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CMS

EM: field potentials = gauge freedom Covariant derivative

0.F = v = (p, §) (Fmv=0"Ax - GHAY) — particle interactions

OHD,AY - 8¥ (0, AH) = ¥

— Maxwell egns. invariant for
AH — A7H = AH + Ony

QM: phase invariance <> gauge
invariance

0,— D,=0, +iq A, = covariant derivative
QFT: Fields become operators

- QED Free massless photon:
Lem = -1/4 F4VF,
Lem = -1/4 F#YF 4+ (m2/2)A“A,

not gauge invariant!

e.g Free Dirac spinors:
Ly = P(iy* 0,-m)¥

Now reguire gauge/phase invariance
0,— Dy=0, +ie A,
Ly — LD' =Lpt+tj* A,

where  j*=e¥ V¥
L= -1/4 F#VF , + W(iyh 0,-m)¥ + j* A,

Euler-Lagrange—
OH0, A* - OM(0,A") = j*
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CMS

e Gauge theories:
— Classical EM Gauge Invariance
— Quantum Mechanics Phase Invariance
* presence of Au
— Quantum Field Theory
« QED - U(1)
— gauge invariance <> massless photon
« QCD - SU(3),
— Gauge invariance implies massless gauge guanta (8 gluons)
— Quark confinement <« jet production

 What about the weak force ? And Gravity ?
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CMS

- Weak Nuclear Force

- Hints of SU(2) gauge symmeftry
Doublets
Universal Coupling G¢

- But short-ranged = massive gauge quanta

 Interactions only observed over short distances (effectively contact interactions)
Coupling 6 ~ 1/M?
- How to reconcile ?

- An example from Nature: Superconductivity
J*=(=g%/m) | U} |2Ar (London)
010,AY - 0¥ (0, A%) = (-g2m) | y |2AY = —M2AY
Cooper pair (boson) wave function y with non-zero constant ground state

— massive photon!
Supercurrents screen the EM field making it effectively short-range

..Massive gauge quanta are possible when gauge symmeftry is brokenl!
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=W C Sy Bracudng

. Glashow Weinberg Salam SU(2) ®U(1)
=-:WH"W,, -3:B~B ,
Wevi= ovWH; - o+ WV + ge‘i"WﬂjWVk and Buv= ovB« - o1 BY
+  Add a scalar doublet field
Of = 212 (¢,-ip,,H-id,) with potential V(¢) = 2T+ A |97 (A >0)
- The most general SU(2) invariant & renormalizable potential

~ 12>0symmetry retained (T>To)
- 12<0 = {(d) # 0.0 (T<Ty)

Ly = (D, $)'(D, 0) - V(9)

- where D=0, +ig (1/2) W ,+ig'/2 B,

- choose a gauge with ¢t = 22 (0,v+H), (H), = 0

— This choice breaks the symmetry!

Lagrangian now has 3 Massive Vector Gauge Bosons and massless photon:
Wui= 9-12 (Wu1iwu2) My?2 = & g2 V2
Z,°= (g2+g?)'*(-gButeW,’) Mz = 3 (g2+g2Vv?
= (g2+g?) " (gButg W) M2 =0

IX Mexican Workshop on Particles and Fields - Colima - Nov. 18, 2003 - J. Incandela — UC Santa Barbara




CMS

Fale Fligjes & i couolings

+  Electroweak Couplings satisfy T(H —>ff) = (N.g*/32m) (me*/ My?)(1-4m*/ M2 )My
gsinOw = e = g'cosbw  (Mz= Mw/cosbw) LA el

= —yw\)l/2 (1_- 2
From p decay Gp/2Y2=g2/8My2=1/2v? where f(x) = (1-x)V/2 (1-x+3x?/4)

Predict: and X =4 My?/ M2
= M,, ~ 80 GeV
M, ~91GeV I'(H—> W*W-) /T (H >ff) ~ M2/ m¢?
also generate masses for fermions: And the Higgs term itself:
2v3AHZ = My = 2012y

L =% Q ¢dr
Ag = 212 mg/v ~ ma/My - We know everything about the

. . , Standard Model Higgs except
- Coupling proportional to fermion mass ,

- 1Ts mass

Is the top quark special ? - whether or not it exists

A+ = 212 m,/v = 212(174.1)/(246) = 1
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2000
§ [ CDF(1B) Preliminary x%df = 82.6/70 (50 < M, < 120)
A r Woev 1. xdf = 32.4/35 (65 < M, < 100)
15001 & Mw = 80.473 +/- 0.065 (stat) GeV
: 5 W-Boson Mass [GeV]
10000 85522 Backgrounds
KS(prob) = 16%
500} pp-colliders —To— 80.448 + 0.062
0 60 70 80 90 100 110 120
500 - Transverse Mass (GeV)
§450 | CDF(B) Preliminary x*/df = 147/131 (50 < My < 120)
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£ E 1
350 L h Mw = 80.465 +/- 0.100 (stat) GeV +2/DOF: 0.4/ 1
; + + | h - U,
;28 7 *‘U ‘H d ! ! 2% Backgrounds
E T
200 b H KS(prob) = 21%
150 | / X
100 £ i ‘ .
50 geommss Fit region-----~ S
o ‘ | S LEP1/SLD —A— 80.368 = 0.034
50 60 70 80 90 100 110 120
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D o] D
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Aple) e

Mass of the Z Boson

Experiment M, [MeV]
ALEPH v 91189.3 + 3.1
L3 o 91189.4 + 3.0
OPAL ¢—— 91185.3 + 2.9

i x 2/dof = 2.2/3
LEP ¢ 91187.5+ 2.1
common error 1.7

91182 91187 91192
M, [MeV]

The W and Z were discovered by
UA2 and UA1 at CERN
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CDF(1B) Preliminary
Z—>ee x°/df=1.3
\

CDF(1B) Preliminary
Z—uu x2/df=O.89

Y
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Triviality:
— To avoid having the higgs self-
coupling vanish (which would
trivialize the whole concept),
you need a cut-off A at which
new physics would be required.

Vacuum stability:
— Require V(¢,) < V(0) - i.e. so
that the choice of ground state
EW breaks symmetry as required.
' Precision For some masses this requires
- " S new physics above a scale A.
EWK Precision Measurements:
— M, <188 GeV at 95% CL
— But this should not be taken for
granted!
LEP Il direct searches:

— M, >114 GeV at 95% CL

My, [GeV/c?]

3 5 7 9 11 13 15 17 19
logqo A [GeV]
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ficleirel Vocde)
e Problems with the SM  Candidates For Replacing the SM:
— Hierarchy Problem: the — Supersymmetry (SUSY)
fundamental scale is the e Symmetry: bosons <
Planck scale (M, ~ 10'° GeV) ? fermions
 What is the underlying o A SUSY partner V SM particle
reason for EWK symmetry « Requires > 2 Higgs doublets
breaking and why at such

— SUSY Is quite appealing

 Superpartners cancel
divergent terms in M,,.

e As a local symmetry = spin-2

low energy ?
— Fermion and Higgs Masses ?
 What determines them?

— Gravity ? graviton appears
* How to reconcile with « Appears in string theories
Quantum Mechanics? « Yiedls gauge coupling
 Fundamental Scalar Theories unification at ~1016 GeV if
are Fundamentally pathological there are exactly 2 higgs
« Quadratic divergences doublets (+ singlets)

— But there are other possibilities...
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. O extra compact dimensions with large radius R
e.g. model of Arkani-Hamed, Dimopolous, Dvali: (ADD)*
« SM propagates on 3+1 subspace
* Graviton (G,,) sees all 4+ dimensions
— Gy appears to be massive to observers in 3+1 dimensions
» Weakness of gravity could be due to large R
»  Alternative solution to hierarchy problem
 Rrelated to G, and 6 via a fundamental mass scale M:
¢ Gyl=8rRM 2
Gk coupling to SM is weak but large R = large phase space
o States basically form a continuum

» At colliders, couplings ~ (E/M)?* ~ unity (E ~ process energy and one
assumes My ~ TeV)

« Mp~ 1TeV = deviations from Newton’s law at distances
R < 10(32/6-19)

* Non-accelerator Experiments at ~ 150 um see no deviations = 6 > 2
*Many other models exist which are quite different in their details but similar in basic concept.
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EXPENMERLINGEN

* Questions at the leading edge ...

— Why is the universe predominantly matter?

 What is and what causes CP violation (see talk by H. Quinn)?
— How do particles acquire mass ?

« What is the origin spontaneous symmetry breaking ?

— Why are energy scales so broadly distributed ?

— So what in the heck is there beyond the standard model ?
* |s the universe supersymmetric ?
« Are there large extra dimensions ?

— What is the composition of galactic dark matter ?
 Weak scale supersymmetry ?
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CMS

up quark -

—Broadband: Production of particle states
with cm energies ranging from a few to 100’s of GeV

But you do not know the longitudinal momentum

0.001 0.0l

X

0.1
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CMS N |
rlelelfop) Collleler Jeirejori PO

- Redlly colliding 'partons’:qg, qq, gg
q can be a valence (u,d) or a sea (virtual) quark (..,s,c,b...).

- Momenta given by Parton Distribution Functions (PDF's)

=> Can't balance all components
- Py = Transverse Momentum must balance.
- Pz = Longitudinal Momentum (along the beam) unknown.

Coordinates (rm,9) with n = - In(tan(6/2))
Distributions (dN/dn) invariant under boosts in z

0102 03 04 05 06 07 08 09 1.1 1.2 1.5

H////////VC//C/)/ y

Quadrant of
the CMS silicon
tracker

Collision
pt.

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800

z (beam) axis
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Fermil

Higher Energy

CERN l .
| | 1  Broadband production
I = Discovery machines
1 mb - * Physics cross-section is high!!!
B < « What's interesting is rare
_ N a * The ability to find rare events is a
S 1ubp (&)
o =3 consequence of evolved detector
< i N design and technological
g | ow—iv) CDFI(p D) 5 i i
S Ll . 0 mnovatl_ons |
-. ~ — Multi-level trigger systems and
= Cgg (mg = 500 GeV) + E g 5 . .
- P high speed pipe-lined electronics
E m o= 176 GeV 10 N ; .
i — Precision, high rate, calorimetry
1pb — my= my EEY Thee . . .
L 1402 — H!gh rate \{wr.e tracking det.e.ctors
L e _ — Hl_ghly ra.idlatlon-.tolerant Silicon
| | | microstrip and Pixel detectors
0.001 0.01 01 1.0 10 100
Vs TeV
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Muon detectors

Hadron calorimeter

Electromagnetic
salorimeter

K°— 1t*71, ...etc

Time of Flight
14T

First operation of a Silicon - Drift Solenoid
detector in a hadron collider: | Silicon
May 12, 1992 (CDF). Detector Chamber
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CDF SVX Display
24 September, 1992

run #40758, event #44414
[ _
1 ll =4.5 mm
lz = 2.2 mm
+ 5 Jet 4

V. Mg =170 + 10 GeV/c®
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CMS : , ] ‘
Faveiiror: Too Discovary

Displaced Vertex b tagging

No Tags (17 =15 CeV)

2r » CDF and DY successfully found the top
1o} -3 . . _
COF o / quark with a cross section of ~ 10-1% ¢, ,
°T M ety
4 :
UJ e 188.4 £ 12.8 GeV,/c* Dilepton
1 200 300 i
SVX Single Tagged —a— 1733 £ 7.8 GV’ Leptontjets
6 R — 172.1 £ 7.1 Gev/c" Combined
sk Em\ i T D_ﬂ
CDF.,| T i CDF
j_ T ﬁ/ ] + 167.4 + 11.4 GeV/c® Dllepton
) M,l (Cevicy i
2t " ' — — 175.89 £ 7.2 Cev/c" Lapton+jets
1F :
o @ 1 |188.0 £ 11.5 Gev/c" All—Hadronic
100 2000 300 i
$WX Double Tagged —i— 178.0 + 8.5 Gav/* Combined
CDF e —— 174.3 £ 5.1 GeV/c®
. I!’l."ll:‘“?l‘.'l."‘ﬂ.‘!! IIIII""I":"I""IIIII Tevatron combined
. (et 150 180 170 180 180 200
Lr 2
M;op [GeV/c?]

0
1063 200 300
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-

SIVINSIGESIEIRIERN N

d Decay

1

LHC SM Higgs Produétegtion an

g C o g
g g fusion : t c t t fusion :
g

¢}

" ’,JII’ " )
W,z
>~w WW, ZZ fusion :

HO
_ \ HO q )
q W, Z bremsstrahlung \ .
LHC: the Large Higgs Creator (.sphicas) _
100 E .
; ggLH Np+p4H+X‘ ﬁ:]jGTeV % :
10— m, =150, 200 GeV = y
; mm:(eev)f L1 1 1 11
1 " 200 500 1000
= - : My [GeV]
o u m
= E To a large extent, the quest for the
ol 100 Higgs drives the design of the LHC
B E detectors. Nevertheless,
essentially all other physics of
09015 200 200 500 §00 1000 interest require these same
M, (GeV) capabilities are excellent
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At LHC the SM Higgs is accessible in the entire mass range
from the present LEP limit of 114.1 GeV up to 1 TeV.

Depending on mass different decay channels must be used
based upon production and decay, and SM backgrounds:

90 GeV <my <120 GeV
100 GeV <my <150 GeV
130 GeV <my <200 GeV
140 GeV <my <180 GeV
200 GeV <my <750 GeV
500 GeV <my <1000 GeV
my ~ 1 TeV
my ~ 1 TeV

H — bb in WH, ttH

H — vy in incl. prod.,WH, ttH
H —> ZZ* — 4| (Ieptons)
Ho>oWWo| viv

H—> Z7Z — 4l

H—>Z7Z —2l+2v

H—> WW > |v+2 Jets
H—o> 77 — 2|l +2 Jets
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Elejnie SV rlicje)s

* my < 130: H—>bb dominant: Lepton id, b tagging
= W(lv,qq)bb, Z(vv, Il,qq)bb and £+ are crucial

S : | va

= Need excellent jet and missing energy
resolution, tracking for b tagging, 0.9
excellent electron and muon
identification

=
=g

Also H — vy

= Need extraordinary electromagnetic
calorimeter resolution !

130 <my < 200: H>WW dominant:
= W'W WWW* WW Z:
vy, I*1"*vvjj, I*I'1"* final states

« MSSM Higgs:

— many of the same channels as SM and 80 100 120 140 160 180 200
enhanced association to bb at large tang Higgs Mass (GeV)

tn &

Low mass Higgs High mass Higgs

Brahching Ratio
e 2 =2 9
e

=
=k

: =
]
TT1 |||||r||||
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SIVISHEXEMINEIIRC

MUON CHAMEERS | [ INMER TRACKER | |  CHYSTAL ECAL
- -~ |' /.—’

|_|J..

WERY FORWARD
CALORIMETER

e

Total Weight : 14,500 t.
Overall diameter: 1460 m
Overall length : 2160 m
Magnetic field : 4 Tesla
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n=1.479

n=26
n=3

1711 m ——»

f

1.750 m

1.290 m

0.185m

* Inside of the 4 Tesla Solenoid Field
— Pixels: at least 2 Layers everywhere
— Inner Si Strips: 4 Layers

— Outer Si Strips: 6 Layers
— Forward Silicon strips: 9 large, and 3 small disks per end

— EM Calorimeter: PbWO, crystals w/Si APD’s
— Had Calorimeter: Cu+Scintillator Tiles
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cleiclrorn Calorire

9.6 A
x A = 0.087 x 0.087)

—894  a=848  A=805 =779
%3 3%  nZe0s n-s2 n

= 59 mm Cu/4 mm Scint 3
An x A = 0.087 x 0.087 8 mm gap

H-I'néi';de' of the 4 Tesla Sc;ltenoid Field

Hadronic Calorimeter: Cu+Scintillator Tiles
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CVIS EM Celorirrieiar

| E =280 GeV
o/E = 0.45%
100
>
(5]
=
S
2
3
>
w50
265 275 285 295 E (GeV)
Energy reconstructed in 3X 3 crystals with 280 GeV electrons.
_ |CMS EM calorimeter | Barrel End cap |
— | Stochastic Term 2.7% EY? 5.7% E*? A
— | Constant Term 0.55% 0.55% —
~ | Noise 155-210 MeV | 205-245 MeV |~
: No. PbWO, Crystals 17,000 5,382 [
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“Golden Channel”

Efficient & robust Tracking

—Fine granularity to resolve nearby tracks
—Fast response to resolve bunch crossings
—Radiation resistant devices

| Reconstruct high pt tracks and jets
— ~1-2% P; resolution at ~ 100GeV (u's)

Ali.chargedlrackswithpuf'i‘ZGeU Tag b/,c Thr.ough SeCOHdle‘y ver.-‘-ex

Reconstructed tracks with pt > 25 GeV |, K

= Asymptotic impact parameter o4 ~ 20um

i

.i'l
.‘.
,
——
™
ot
‘__Jv-""-
"
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Outer Barrel (TOB)

h—\

A

volume 24.4 m3
running temperature - 10 °C
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Why Pixels ? CMS Pixels
— Displaced track detection 45 million channels

» Key to b jets for SUSY and Higgs « 100 um x 150 pm pixel size

— Fast primary vertex
. 3D space points 3 barrel radii: 4, 7 and 11 cm
— Granularity 2 disks per end (upgradeable to 3)
Pseudorapidity coverage

* Peak occupancy ~ 0.01 %
— Starting point for pattern « Full coverage to 2

.re.cognltlon » Partial coverage to 2.5
 Radiation tolerance
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o - : : .
S high lumi — doshed — Only pixel hits are used to find

300 — 'owlumi=solid . Bk . . i
o= 26um primary vertices:

250 * Very good position resolution
and high efficiency.

200 | » Applied in High Level Triggers

150 | A b

100

50 |

——J LL ] P L — = _l

?0.03 -0.02 -0.01 0 0.01 002 0.03
Zreconstructed-Zme(em)
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CIVISHVIICTOSLHINING

From the CMS tracker technical design report:

“The design goal of the central tracking system is to reconstruct isolated
high p, tracks with an efficiency of better than 95% and high pt tracks
within jets with an efficiency better than 90%..”

“The momentum resolution required for isolated charged leptons in the
central rapidity region is

Ap+/pr = 0.1 p; (TeV)..”

= Z — pt+p- with Am, <2 GeV up to P, ~ 500 GeV

12 layers have momentum resolution:

. 1 2 1
AD 010 pitch (1.1m) (4Tj ( P j
P 100 um L B )\1Tev
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SIIICONNSUIS

6 layers of 500 um sensors 9+3 disks per end
high resistivity, p-on-n

0ol 02 03 04 OS5 0B
L

1.7

130

13
L

L0770 12

a1a

2.
2.2
z3

ZA4
2.5

aa

ma

&30

\*wm\x\x\\\\\\

1] I |
21 —— — — I I

4 I I

a0 i T

Blue = double sided

g -

0 e Red = single sided

204 400 /0 a0a  13dad 12040 1400 16010 1200 ilil] 20a 2400 2500 230
4 layers of 320 um sensors
low resistivity, p-on-n

=]

o/pt ~ (15 e p;© 0.5) % In| <£1.6
— 4.5 « \p % when combined w/p detectors
o/pt ~ (60 e p;+ @ 0.5) % In] ~ 2.5 prin [TeVic]
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r Nurnoars

Silicon sensors

6,136 Thin wafers 300 pum
19,632 Thick wafers 500 pum

e 6,136 Thin detectors (1 sensor)
« 9,816 Thick detectors (2 sensors)

CF frame

e 3112 + 1512 Thin modules (ss +ds)
o 4776 + 2520 Thick modules (ss +ds)

10,016,768 individual strips and
readout electronics channels

78,256 APV chips
~26,000,000 Bond wires

470 m2 of silicon wafers

FE hybrid Pitch adapter e 223 m?of silicon sensors
with FE (175 m? + 48 m?)
ASICS

Requires automation for assembly
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FAUCTINRECHUIIE)

* Inside out tracking.
« Start with Pixel hits (lowest occupancy 0.01 %)

_.'-..'...".|:"Iil'llé'|| pT tracks
. .'-_;-"""'-—;:—.6_73{_ _“e-.‘_\
Outer RecHits &~ ~
- /! .
// / | Estimator ;:\-\1 window
" Inner RecHits ‘..
,-f'/ Pir-a: g -8 \
ll,.fJ f/' |Ii ] ."I \o\ \‘\
I / "-_‘ ' !
J! In"f .'\.‘ _.,-"’ \1 l|l
| | \ .I_.' 'l
L |
{ Beam spot IJ
L- \ / [
n\\ AN / _fr
'\\ !."’f
\\. . /
N /
N\ /
AN e

» Track segment propagation from layer to layer:

— Kalman-combinatorial Filter, Deterministic Annealing Filter,
MultiTrackFilter
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Single n
e S e o i = N
e o
.2 095 2 0.95
= 09 = 09
88 m
O o
= 0.85 < 0.85
£ <
o008 B P =1GeV (H 5 0.8
2 ® P =10GeV (")
a0 0.75 ¥ 0.75
[l A PT:IODGeV w)
<
07005 1 15 2 25 0.7
n
o 1
= Jets
g 095 —8&—
E 0.9 — i
M
=
S 085
=
O 0.8 V\
[ ] =50 GeV
0.75 ° E:zoo GeV
0.7 905 1 15 2 25
n

Single © _
= s ? IT . [iegrsdatlor: '|
e ue tracker materia
* 8 0951 &
= 09, , * . “+
o 085 + :r‘;-—
- -+
< 0.8 e
- =
B P =1GeV :; 2 075
® P =10Gev O 0.7 ® Pp=1GeV ‘
A P, =100GeV ® P_=10GeV
0.65 A P =100GeV
0.5 1 15 2 25 0.6
. 0 05 1 15 2 25
n

Global efficiency: selected RecTracks/all SimTracks
Algorithmic efficiency: selected RecTracks/selected SimTracks
SimTrack selection: at least 8 hits, at least 2 in pixel

Global efficiency limited by pixel geometrical acceptance

Efficiency for particles in a n¢
cone of radius 0.4 around jet axis
No significant degradation
compared to single pions

Jets E; = 50-200 GeV
Fake Rate <1 %
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G(dorec_dosim) [Lm]
=

Sagitta at 1 TeV ~ 180 um

=N
=

40

30

L L2

L2-2

0<n<0.9

Resolutlo? transverse IP

® 2 pixel hits

® 3 pixel hits

& 243 pixel hits

EEEE}

-
] (]
®

]

[

]

c;.o

6 8

10

12

Reconstructed Hits
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Fermilab SSC
CERN l LHCi

Lot of b’s and t’s from interesting Physics
e Supersymmetry
* Higgs decays
 Top, B physics

Large QCD backgrounds

Tmb—

The Challenge
L1: 40 MHz input

L1:100 KHz output
Write to offline:100 Hz

o (proton - proton)

1nb

Events / sec for £ = 1034<:m'2 sec'1

1pb -

H
m,= 100 GeV
(P S
m_,= 1TeV
O Higgs
I my, = 500 GeV

\ \
0.001 0.01 0.1 1.0 10 100

Vs TeV
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CMS

Do something only when
needed.
— reconstruction on demand:

never do anything until it is
requested

» Generally not interested in
reconstructing the full event at
trigger

— regional tracking

region around a
L1 calo jet
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CMS

* The crystal electromagnetic
LHC two photon simulation calorimeter has been OptimiZEd for

Bm’i this channel.

e Am,/m, < 1% needed.

CMS. 10° pb]

6000 -

liggs signal

* lIrreducible bkgds at m = 100 GeV:
4000 - ! - aq = vy

99 — vy
Isolated bremsstrahlung

2000 =

Events / 500 MeV for 10° pb™1

* Main reducible background:

{] 1 1 1 |
80 100 120 140 y + jet with “jet” = 0 — yy
My (GeV) — less than 15% of irreducible
background
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CMS

) Expected signal significance
600— H — vy L I L L B L BN B
| 1001 H - vy, CMS
(nn}
Background subtracted |2
> 400 — 10

= N[ -
o B =
e I
% annl S
£ 200 L =
I <

LLJ - ! T 5+ —
l Ll ad 2

D |_|'| |-|'|-| | I'I|-|___|-| [1r E -1 . .
J LIL “LI LJ‘H o B 30 fb ' (low luminosity)
i:% ® 100 fb™" (high luminosity)
| | | | | 0 | | L L L L
110 120 130 140 100 110 120 130 140 150
My, (GeV) m,, (GeV)
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CMS

For H — bb only associated
production is feasible!

Event selection:

1 isolated e or p, 6 jets of [
which 4 must have a b-tag. I5-
Reconstruction of both t's i

by kinematic fit necessary 10+
to suppress combinatorial |

bb background.

Backgrounds: ttZ, ttbb, ttjj

Results for m, =115 GeV: 09
S/AB = 5.3, Am/m, = 3.8%

-1
Lint =301b
k= 1D
gen. mg: 115 GeV/e®
const. : 13.63 3.76
\d mean : 1103 4.14
\ sigma: 14.32 3.70
i
e e e e s e e I e ) e
100 150 200 250 300

m, (j.j) [GeWcl]

ttH and and H — yy are only way to explore the 115 GeV mass region!
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CMS

T
st HoZZ*— 44

3ol

E:lm

o W

@ el

= 100 fb-?

E |
ﬁ_

i i i i i i i i i

120 .1-4;!3 160 .1-EI:I
M, % (GeV)

IX Mexican Workshop on Particles and Fields - Colima - Nov. 18, 2003 - J. Incandela — UC Santa Barbara 45



CMS

H (150 GeV) — Z9Z°" — 4y
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CMS

CMS full GEANT simulation of
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CMS

H — WA= VS VS G 2l fiy

For m, =170 GeV the BR is
about 100 times larger than in
H—> ZZ* — 4l.

Can make use of W"W" spin
correlations to suppress
“irreducible” background:
— Look for I*I- pair with small
opening angle.
— The mass can only be

determined indirectly from
rates and shapes.

So discovery can be made with
30 fb! in the mass range 130 to
190 GeV.

events/ 0.02

60

50

40

30

20

10

LHC 14 TeV 5fb

— WW background
< top backgrounds

| Higgs events
my, =170 GeV

Signal: H —WW — fviv
Bkgd: WW — fviv

tt —» Wb Wb —s #viv bb
Wib — WWhbb — fviv bb

1 08 06 04 02 0 02 04 06 08

cos o of I'T

1
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CMS

. it As Higgs width increases and production rates
|et J 2
fall with higher masses one must use channels
with larger branching ratios.
Z/ Need to select leptons, jets and missing energy.
P H P
R | HoZZ - |
% >3 — Sigral
5 o
(D
g 3tk
ool
I
T
LI:J' J_lﬁ:—‘—ﬂ:—_
200 E00 1000 1400 1800
MHggE = 800 GeV Mlljj (GeV)
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40—I T T IIIIII||I| T T I I T T T— 1D2_| I I I I I I I II B
CMS - LHC 14 TeV (SM NLO Cross Sections)
| Standard Model Higgs - _
35
105 pb-1 - N
e \ e
H—-> WW—> #vv N\
30 4 - F ™ -
S A
S e ]
= £ F -
(@)
® 3 r -
> L _
2
H - 7Z,77* > 4¢4% 3
2 9 = —
o' E . — H— s
Ho ZZ—> 4vv E — H—=Z7 E
I ——— H— WW 1
""""""""""" = Ns N\ |¢
Y+ =2 jets Ns + Ng 2: B CMS 5o )
| | 1 1 [ T I I N | | | | | | | | | | 1
60 100 200 300 400 500 700 1000 107 L_| ' ' [ T Y T I
my (GeV) 100 200 300 400 500 8600
: Miiggs [GeV]
Significance for 100 fb-! 5 o - Contours
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CMS

The MSSM has 5 Higgs bosons: h’, H, A? and H=.
Two parameters are needed: m,, tanf3.

In the limit of large m, the couplings of h’ are similar to SM.
Couplings of A and H to quarks of 1/3 charge and leptons enhanced
at large tanf3. A does not couple to WW, ZZ. Couplings of H to WW
and ZZ for large m, and tanf} are suppressed.

The following decay channels can be used as for the SM Higgs:
h, A — vy (for m, <2 m,due to branching ratio)

h, H > ZZ* (no H -> ZZ at large mass since BR too low)

tth -> ttbb

The following decay channels open up:

H, A — 171, uu (t-channels enhanced over SM for large tanf3)
H, A > hh; A > Zh; A > tt

A, H — sparticles

H*— 1v, tb
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A -1t 4%+ et + ET”SS

Mass reconstructed assuming v

directions parallel to lepton . ' ' '~ ' " Tt T
and t-jet. I A >t ~f +T-jet+ X
pmiss A0k ! m,= 100 GeV, tanf= 1!]_
g , p{>20 GeV,Inl <25
R | E®'> 40 GeV,Inl < 2.4
YR e | EA 30— | |
T::, b o) Ak Bl ‘*-.,_3..55 || ;"T > U s h"
H-u_::} | J;ij"f 1 ' | o= 12 GeV ﬂq}"?‘h < 175"
'l 201~ EMSS>20GeV
¥ < 5
. 10— -
jet JJ\ 10* pb-1 at 10%3 ecm2 57
] o ol 0 donls

100 200 300 400 500
My (GeV)
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CMS

BR smaller than that for tt-channel by (m,/m.)’. Somew
compensated by better resolution for p’s. Useful for large tanf.

600

ED'D B | I | _

m my = 150 GaVf o my = 150 GaV .

500 =1 tan [} = 30 500 tan [§ = 50 -

: int. lumin. 105 pb-" : Jly intumin. 1085 pbt

z’; 00F % r E"°% 50 GeV E 400 | EUS50GeV

% EDD_- - M (jets) < 2 %30{]— " M (jeis) < 2 __
g g | I

200 Fia, n 200 B - ]

i A S : . B )

100 F i L — ,:;f_ n0F  n P e

I:II : | ] ] ] ] ] | ll:l : ] ] ] | | | ] !

120 130 140 150 180 170 180
My+y- {GeV)

190 200 120 130 140 150 160 170 180 190 200

Mp"‘p' [ GeV )
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-

fleifejacel Fliggs

gb - tH*, H* > tv, t > qu.

= > 10 i
5 5 pp —> tH
@) o tH:t O + 2y
s ‘ PP =2 H™ = T A qqb
101 e
e H™ = 7v,t = qgb s my = 200 GeV, tang = 20
] ! 10
0y ®)
a m, = 400 GeV, tang = 30 a
O =)
x *
M M)
- 10 o 1 F
= s |
2 %
- c
) )
> >
L (N o
10 |
1
0O 100 200 300 400 500 O 50 100 150 200 250 300 350
. m:(7 iet, E™) (GeV) m.(T iet, E™°) (GeV)
R.Kinnunen

Transverse mass reconstructed from t-jet and E ™ for pp — tH*

IX Mexican Workshop on Particles and Fields - Colima - Nov. 18, 2003 - J. Incandela — UC Santa Barbara 54



C- C -

el for MSSV Fliggs in 30 fo

E I | E |1‘
I~
45 = = o =8 &
E /l\ = IS xR X
| E cEY 8 Ms X2 4
adl I = £z % s 3
Q ¥ 15 X % a
T N 3 )
C35 |y E 1 A 0 A
S |[=E [ ENTERS % - &
i of s X A
50 |H_# = 2
T E & \2\\?1\\"\\\\\
25 || —H 4
ﬁ \\‘-\\\\ \\\\\\\\\\ C MS 1 30 fb
= W W . LI i
20 O S maximal stop mixing]
o ‘s : “'I,]'U- _
Al Msysy = 1 TeV
15 . S —
E = H/A =71 = |I+X
10 | |¥a = B
e o H/A =71 —>+717—jet+X
s | 9 B g
E\\q‘ @
e X~ Excluded by LEP

100 2Q0 300 400 500 600 700 800 900
m, (GeV)
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CMS

VISSVI SUS)

MSSM particle content :

. s.quarks {spin-ﬂ} : EL,HL,EL, EL,E1,T1, EH~EH1§FI~ EHIEEIE
« sleptons (spin-0) : €, Vg, UV, Ty, VoL, €R.UR.T2

. T R T
e charginos (spin-3) : %3, %5 SUSY Particle Production

* neutralinos (spin-3) : %7, 73 73+ %4 o qq, gg— h, H A, HE HF,

e gluino (spin-3) : g qq. 9. g9 — gg, gq, qq, (strong production)

* higgs bosons : (spin-0) : h, H, A, H* 4 gq, qg — 9%, 97, G%, ax; (associated production)

aq =% ir x ﬂ] }? :.:ID (% pair production)

qq — /v, /7, ¥V (slepton pair production)

MSSM parameters :

mg. Mg, M7, Ay, Ap, 1, Mg, tanp

Minimal SUGRA parameter set :

mo, My, tanf, Apand sign(u)
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CMS

Supersymmetric particles may have striking signatures due to
cascade decays to final states with leptons, jets and missing energy.

Shown here is a qq event:

(~1'> izo q

L’ X1 €
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CMS

The figure shows the q, ¢
mass reach for various
luminosities in the inclusive
E™mss + jets channel.

 SUSY could be discovered
In one good month of
operation ...

ric) Glulirios

s

CMS q, g mass reach in E.

@ : + jets inclusive channel

for various integrated luminosities

14410 ¢

1200 ¢

1oom ¢

2eV)

R -

LL LT [{

th il

0 ¢

= 0ne WaekK
@1033

200 £

~ one yeai
@1034

= ane yearl

~ gne month

1033

1] :-'-rlhll thllﬂ [FiI'II
m, (Ce¥)

R L]
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CMS J. .
GlLlgle reconsirucilor)

pp —» g — bb (26 %) Event final state:

e > 2 high p, isolated leptons OS
> 2 high p, b jets

* missing E,

0 (35 %)

= 60
)
P~
+1 W ~0 41 — 0 Q Entries 773
I _I ) X I I O B Mean 615.5
1 T 50 [ RMS 157.6
9 I 2 /ndf 28.00 | 20
w D.1E40E-O7
P2 -0.7792E+10
40 P3 0.8451E+08
| P4 -0.2158E+06
-0.6070E-02
30 g
66.63
20 |
10 |

200 SUl] dﬂl] 500 600 80(} 100l]
p M( %2 b b) (GeV)
M. Chiorboli
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latiirzlinos,

' fe
q LSP

Fawiy
»

~x .
X}'/Ti’ // e
-—enei ) 8
=0 ¢
N *Lsp
2 A
g N 2
DN
o 2
x0=LSP

Y
~:|: ]D
PX i
14
C
b — CEET

stop pair production to top-like decays with bottom or cascades to charm
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CMS Netjirelliple zinlel Slegion Viess
Bleiarrrlriiilorf)

Final state with: 3l, no jets, E ™

Mg = 200 GeV, my/p = 100 GeV, tanf=2,Ag=0, u<0 L. Rurua
m (5{8) -m (')2?) ~m (')E?) ~ 52 GeV
mp= 100 GeV, m4,»,= 190 GeV
80 | T T T | T 0 1/2
u>0,Ay=0
70 Lint = 10% pb™" tanB=10
o S 1 13
i 31
E 50 / B | S 102 Llnt_ 5*1 0 pb
< pf > 15 GeV ~ Signal
“(B 40 Isolation j.g
b= Central jet veto -E.'I:J
o M, +,— < 81 GeV
> £ /4 >
W 30 ‘ - L
10
SUSY bkgd.
20 il 9 o
1B SM bkgd. s Standard
ﬁ_,_ﬂﬂje@ﬂ( : Model
' L ' T Background
0 20 40 , 60 80 100 120 140 1 |
Mgty GeV 0 50 100 150 200 250 300
me =M G -m () ~m &Y —=m, p =25 m G M(e+e-) (GeV)
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CMS

LSP = Gravitino (G)

NLSP = neutralino (N,) or stau (7)

* Long-lived T looks like heavy (nonrelativistic) muon
* Neutralinos decaying far from interaction point give non-pointing y’s

Experimental possibilities

NLSP short lived decaying long lived
ct measurement by
~ ~ like - ECAL counting like
N, — Gy |MSsM .uCAL counting | MSSM
/ +2y . ECAL/uCAL ratio
- ECAL impact par.
- UCAL slope
~ g like both ct and mass mass mea-
7; — Gz' MSSM measurement surement by
+21 TOF method
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CMS

Neatfireilieie) l1ia s

If the N, -> Gy decay happens
inside the muon system, the
photon will develop an
electromagnetic shower.

i 12 cm Al
v | \ honegrr—
b Fd ‘. :
= L=143/fb; eff . =10% 1 3 :
T T m o
) m(N,)=291GevV .~ f 'm . W $
B N o, i
' ‘H.
il ' -'1 | ‘
¥ 3
; -~ a A& L B B ECAL counting
e A uCAL counting
gl e : ECAL/pCA
ECAL impact
ey, WCAL slope
i& 1 #=——% COMBINED
-9 -1 2 3
10 10 1 10 10 10
M. Kazana, ~ crAm)
G. Wrochna, CMS can measure N; ¢t from 1 cm to 1 km
P. Zalewski

for scenarios with og g, > 100 b
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CMS VigiSSHneasil

Method: TOF in Muon Barrel Drift Tubes -> 1/ -> mass
GMSB scenarios: n=3 (gaugino masses are related to sfermion masses via \n),
M/A =200 (A...effective scale of MSSM SUSY breaking, M...messenger mass),
tanp =45, ogygy = 1fb ... 1pb, E,E masses (1..4) TeV, T mass (90...700) GeV

- 2
- E 70
1.8 o
C_:f 5[} mit, l=114GeV; L=1/b, efi=b%
1.6
% 50
1‘!_1 E m-:r||=FII:IFIGn'|." L=10hb: mlt=15%
a 40
1.2 9
" . 20 mit, |=5EGeY, L=1000h; af=26%
1 e
20
0.8 .
= 10 8
0.6 M.Kazana, F.Lalewski
[] . | -
0 200 400 600 800 1000 1200 1400 0 100 200 300 400 500 600 70O 800 900 1000
momentum (GeV) recanstructed mass (GeV)

CMS can measure T mass from 90 to 700 GeV with L = 100 fb-.

Upper limit corresponds to 64,y =1 fb and ¢,g masses of ~4 TeV.
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CMS

SUITIIENY,

 The Standard Model Higgs can be discovered over the entire
expected mass range up to about 1 TeV with 100 fb-L.

— Below 200 GeV mass can be explored with several channels.
— Below 130 will be the most challenging.

 Most of the MSSM Higgs boson parameter space can be explored
with 100 fb1, all of it can be covered with 300 fb-L.

 The mass reach for squarks and gluinos is in excess of 2 to 2.5 TeV

e (my<2to3TeV, my, <1TeV) forall tanf within mSUGRA.
Sleptons can be detected up to 400 GeV mass in dlrect searches.
v.° can be found up to 600 GeV mass.

« GMSB scenarios have been studied. Neutralino lifetime and long-
lived susy tau mass measurements can be performed.

IX Mexican Workshop on Particles and Fields - Colima - Nov. 18, 2003 - J. Incandela — UC Santa Barbara 65



CMS

SUITIIENY,

 If Electroweak symmetry breaking proceeds via new
strong interactions many resonances and new exotic
particles will certainly be seen

 New gauge bosons with masses less than a few TeV
can be discovered

e Signals for extra dimensions could be revealed if the
relevant scale is in the TeV range

— If the true planck scale is ~ 1 TeV, we may create black holes
and observe them evaporate by Hawking radiation
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CMS

Flisiory of geiriicle orysics

2020 4000 Parallel experimental and
1000sof theoretical developments
2000 Theories 500 .
— Discovery of several layers of
wZ 100 fundamental particles
TUR 00 faums QCDandews, — Realization of the importance
¢ dslaleptons  SUBR) SUR) U() mp
1960 \ /4 of Gauge symmetries
0 20 .
4 [Particls — And some accidental
| QE.D. i
1940 MeJ N sym metries...
e A 5
1920 I NUCLET « Where are we now ?

1900

1880

Electricity & Magnetism:
1880 Gauge Invariance Al o Ao
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CMS
Sitlgarsynmeiric Fliggs

+  Minimal Case of 2 doublets:
- ’ranB = V2/V1 and vi2+v,2 = v2
After W,Z masses, 5 remaining d.o.f.
- 5 physical higgs bosons h,, H,, A,, H*

* Scalar potential has one free parameter
- masses are expressed in terms of

ms and tanf
Large radiative corrections (at one-loop)
M2 < M2 + (3G¢/(2Y212)) M4 In(1+m2/M,2)
M, < 130 GeV

< 150 GeV
» (if there are Higgs singlet(s) in addition to the two doublets)

Some Important features
- Couplings to W,Z now shared

Shovv? t EHovv: = vy (SM)

Fermion couplings also (S.Dawson hep-ph/9411325)
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1]

=\earis

“MIellasitlon) Blels

Vast majority of
collisions, but not
interesting...
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CMS

reire Collisiorns

) > < __ Quark-Antiquark
~ Annihilation

Example: top quark pair
production
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CMS

« Hadron Colliders have 2 main discovery goals.
— Find the Higgs
— Find direct evidence of something beyond the standard Model
e e.g. SUSY partners, Large extra dimensions, Mini-black holes
* More likely something not yet thought up
e Possibly even nothing!

 And there’s much to be learned about the Standard Model !
— Precision electroweak measurements
e Mw, Mtop , o (Q?)
— B Physics
« CKM and CP Violation
e Bs mixing
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=
o

[N
o
N

=
o
[N

o

Constituent CM Energy (GeV)

10

Hadron colliders are great discovery machines

—+ Accelerators
= O
—@ — elec¢tron TLHC
—+ + hadron )
- Higgs boson
I Tevatron
T SppS /;PII o tquark
o SLT
== TRISTAN © W, Zhbosons
+ PEP
T /CESR
1 ISR
3 féAR o bquark
iR / o cquark
== Prin-Stan
- o squark
| | | | | | | | | | | | |
I I I I I I I I I I I I I
1960 1970 1980 1990 2000

Starting Year
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4

Teveiror: SV Fliggs Productior

10 2 E U I T T T T T T
£ o(pp—H+X) [pb]
| [f b ] Vs =2 TeV
e M, = 175 GeV E
ge—H CTEQ4M
1
-1 -
10
20
10 e E
| . .. ggqq—Ht
10 -4 I | | | I I | I I | I I I | I I I | I I I
80 100 120 140 160 180 200

M,, [GeV]

e gg— H dominates but swamped by dijets

e (g9’ > HV factor 5-10 lower but backgrounds are more
rare (tt, Wbb,Zbb,WZ)
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CMS HIggsI @ CERINS , ielrorn Collicer

T T T | T T T TTTT7T |
g t 9 CMS
: H° _ 0 35 - Standard Model Higgs _|
99fUS|0;1 ’ C tt fusion : e 105 pb-1
g
H— WW— Zvv
30 / ]
- _
W,z q c
q
W,z ,//ll S
& WW, ZZ fusion : HO =
c
— \ Ho q ’ (%)
a W, Z bremsstrahlung \ q
H - 7Z,77* > 44%
 SM Higgs Search strategies Ho 22— #0vv
- H—->Dbb 90 <m,<120GeV/cc | /. ] AN\ ]
N 8
— Hoyy 100 <m,, < 140 GeV/c? e ==
- H—->ZZ*~> 4F 130 Sm|_|S200C5€V/C2 L1 L1 ool
60 100 200 300 400 500 700 1000

- H->WW- Ivlv 140 <m, <200 GeV/c?

my (GeV)
- H->ZZ->4F 200 <m, <750 GeV/c? i

IX Mexican Workshop on Particles and Fields - Colima - Nov. 18, 2003 - J. Incandela — UC Santa Barbara 74



CMS

1 T
3 E
- ]
4 10 -
1 F
1 10
1 L F
| I | L 1 1 10—3 - | 11 | 1 1 | 1 | 11
200 500 10 50 100 200 500 1000
My [GeV] My [GeV]
Branching ratios Total decay width
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3045 mm <IP to End Borrel 125 mm
Eta = 1479
HB _///
-
-
1 EB Potch /’/ -
[ 1 FPanet 1 Fta = 1653
ol X =
< 3 - —
+| 3 5 - -
< n - - -
g 2 T~ S
wl gl & ¥ e _— —
o s E /’/ _/’/ o Eta = 26
23 Y 5 e =
~| S T~
o) E _/'_é’/ TK o — —-—
§ﬁ /,_;./ ////"—"/ Eta = 3.0
N o _?:/ ///,.:""/,./
o = I —
= ] I
3170 mm 730 mm
Parameter Barrel Endcaps
Pseudorapidity coverage <1.48 148<n|<3.0
ECAL envelope: fipner: Mouter [MM] 1238, 1750 316, 1711
ECAL envelope: zjnner Zouter [MM] 0, £3045 +3170, £3900
Granularity: An x Ad 0.0175 x 0.0175 0.0175 x 0.0175 to 0.05 x 0.05
Crystal dimension [mm3] typical: 21.8 x 21.8 x 230 24.7 x 24.7 x 220
Depth in Xg 25.8 24.7
No. of crystals 61200 21528
Total crystal volume [md] 8.14 3.04
Total crystal weight [t] 67.4 25.2
Modularity 36 supermodules 4 Dees
1 supermodule/Dee 1700 crystals (20in ¢, 85inm) 5382 crystals
1 supercrystal unit — 36 crystals
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AULeIEE

Special robot - GANTRY - was
developed for assembling CMS Silicon
tracker components.

Positioning accuracy =£1.6 um
Production time 10 min/module

-
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fl-++-+++++-++,++
AANRARS) ST ;

Tracking layers vs. pseudorapidity:
Total, double(axial+stereo), double inner, double outer.
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100 GeV b jet without PU

Mean 0.9428E-01 {0000 [ Mean 3.056
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 The LHC Pixel Vertex and Silicon Strip Trackers suffer from
significantly more material in their fiducial acceptance than previous
detector Trackers due to

— high power dissipation and associated cooling
— rigid mechanical supports distributed within the tracking volume

« The material limits efficiency and track parameter resolution

» This is most evident for electrons, for which a specialized track
reconstruction strategy is currently under development

« ECAL resolution for electrons, and converted y’s is also affected

— Driven by these considerations, a great deal of engineering effort has
gone into achieving the current level of material within the tracking
volume
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W—puv_events with pile-up at 2x10338

« random movements of rods / wedges: reconstruct tracks with P > 20GeV
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51 oo =
= ‘!"@ﬁaﬁiﬂ o
& " T @ 0.08
p— -
o %IL: gy
=
= 0.9 e 0.06
0.0
0.8 | Oum 100um %q
u v
1 0.02
200um 300um I g E E gé
0.7 I | 0 .|=|=|,:i'J 't%j
0 1 2 0 1 2
N N

Pattern recognition works even with fairly large misalignments at 2x1033
(survey/laser alignment accuracy significantly better than 1 mm)
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peiellziilon mleirelrias:

Test beam with detectors irradiated at
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e General idea:

— Benefit from full offline
analysis to select events.

o All data available after L1

— Only need o0 CPU power

— What can be done with a
reasonable number of
commercial CPUs?

e 100kHz from L1 can be
handled by ~5000
CPUs if events can be
processed in ~50 ms.

e Assuming Moore’s Law
to 2007, this means
algorithms must run in
~500 ms now on 1 GHz
machines

Detectors

Front-End pipelines

Readout buffers

Switching Network

Processor farms

CMS

HLT functionality
depends on data
rate and CPU
resources available

Detectors

Front-End pipelines

Readout buffers

Switching Network

Processor farms I[@

Traditional
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Freiear in sl Eevel Trigeers

 The Tracker is well suited for  The Tracker is the most
— Track reconstruction precise subsystem, but is
— (P,S)Vertex reconstruction (thought to be) slow
— Impact parameters etc.... — not used at all for L1
e and hence » Extensive studies have been
_ b-tagging performed to answer the
_  r-tagging question:
— precision measurements — what can we do in ~500 ms?
(refinements) of jets and
momenta
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pp -> tt >(bW*)(bW-)-> |
-> 2 b-Jets + 2 light quark jets + | v, Reconstructed top mass from bqq’
> P1 ' 0.3748E+10 - 0.2589E+09 | o
@ P2 1709 + 03116. %
el 8 | ewstwt e e e
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q jet »/i 100 |- oW
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* No dangerous background
e Systematic uncertainty of top _ /
pr-spectrum dominates (400 MeV) , L. . . L i o
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m,,,(GeV)
Expected total error for 10 fb-!: Am, < 900 MeV 1 sonnenschein E.Boos,
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Dominant decay to bbbb. Problem is triggering: need soft muons in
jets. Sensitivity for tanf3 <3 and 250 GeV <m, <2 m,.

Easier to trigger is the channel H -> hh -> bb t*t-. In MSSM most of
the accessible region is excluded by LEP, but in more general models
this channel might be relevant.

H -> hh -> yy bb can be triggered on, but rates are low. Background
is small, however, and there is a convincing sharp peak in the yy mass
distribution.
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Can use the leptonic decay of the Z in the trigger. In the analysis 2
electrons (muons) with E;. > 20 GeV (p; > 5 GeV) of invariant mass
within = 6 GeV of the Z peak and 2 jets with E; > 40 GeV are
required. One or two b-tags are also required. Background comes
mainly from tt and Zbb events (for smaller m ).

Signal to background ratio is quite good for moderate m, and small
tan[3, but this region is already excluded in MSSM by LEP.
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This is the dominant decay channel for large masses. Background
comes from QCD tt production. It is large, but significant signal can
be extracted if background can be correctly estimated. The search is
based on the WWhbb final state, with one W decaying leptonically.
The trigger requires an isolated lepton. In the analysis 2 b-jets are
required in addition.

Determination of mass will be difficult as there is no observable mass
peak. The mode is likely to be used as a confirmation of a signal seen
in other channels.
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In the MSSM the decay t - bH* may compete with the Standard
Model t - bW= if kinematically allowed. H* decays to tv or cs
depending on tanf. Over most of the range 1 < tanf3 < 50 the mode
H* — tv dominates. The signal for H* production is therefore an
excess of 1’s in tt events. The t polarization leads to harder pions
from T — mv than from W decays. For 30 fb-! the discovery range is
almost independent of tanf3 for m, < 160 GeV.

If mass of H* is larger than m, it cannot be produced in t-decays. It
can be produced by gb —» tH% gg — tbH%* qq° —» H*. Again the
search focusses on the decay H* — tv. One can use the decay t —
bqq so that E,™ gets contribution only from H* decay resulting in a
Jacobian peak.
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C I Fligjgys

qq’ — H* with H* — v is difficult because of large background
from qq° — W -> tv. The t-polarizaton method must be used. The
Higgs mass and tanf3 can be extracted using fits to the transverse
mass distributions.

Selection of gb — tH* with H* — tb requires an isolated lepton from
one of the t’s. The Higgs signal is extracted by tagging of 3 b-jets,
reconstruction of the leptonic and hadronic t-decays and
reconstructing the mass from a t and one b-jet.

Identification of Higgs peak is difficult as background is
concentrated in the signal area.
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SIUSH Fllejefs o Spzirilclas

If neutralinos/charginos are light the branching ratios of H and A
into these sparticles is sizeable. Most promising with respect to
background are channels with leptonic decays of the sparticles:

X2’ X AA and gt >0 Aty

Signal:
AH-> 0,00 >40+ X

Backgrounds:
SM: 17, 7Zbb, Zcc, tt, Wtb
SUSY: /g, A, "VV, ), %X

In the following only the case m(X) > m(%,") will be considered.
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If SUSY Is relevant to electroweak symmetry breaking then
gluino and squark masses should be of order 1 TeV.

As In general many SUSY particles are produced
simultaneously, a model with a consistent set of masses
and branching ratios must be used in the simulations.

Traditionally CMS uses the Supergravity (SUGRA) model,
which assumes that gravity is responsible for the mediation
of SUSY breaking.

Another possible model is the Gauge Mediated SUSY
Breaking Model (GMSB) which assumes that Standard
Model gauge interactions are responsible for the breaking.
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Result of fit;

M(@;bb)=611.2+9.2 GeV

G =66.6

Generated mass:
M(@) =643.3 GeV
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Calelre)ines, Netlirelinios, Sleptors

Example for Drell-Yan production of y,* ,":

qq -> W* -> %li )NCzo - %10 Av+ 7(10 AN

Search in 3X and no jets channels, possibly also with E ™,
Backgrounds: tt, WZ, ZZ, Zbb, bb, other SUSY channels

In SUGRA the decay products of SUSY particles always contain 7,°’s.
Kinematic endpoints for combinations of visible particles can be used
to identify particular decay chains.

Examples:

A*A- mass distribution from 7%, -> %, A*A- has sharp edge at the
endpoint which measures m(g,’) - m(y,°);

0 > K-> 4,9 A*A- has different shape with an edge at the endpoint
which measures the square root of:

[m*(7;") - m? (B)] [m*(X) - m? (x,")]

m-(%)
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