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TASI

Using all data from 1982-3, and
combining results from UA1 and UA2:

— my: = 82.1+ 1.7 GeV
m, =93.0+£1.7 GeV

Current values:
my+ = 80.43 £ 0.04 GeV
My = 91.188 £ 0.002 GeV

a)

15nb”! UAT — Weseu

—_——— K e

L3 Events

. . ) &l &8
Luminosity =5x10*" cm™/s o (et
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Two Primordial . Y : i
Gauge Interactions: 8# — aﬂ Tig o b H T8 TiWﬂ

Left-Handed Isospin(T)

SU(2), Symmetry
(x7+ )
B, W
) w°
v :
\ v,
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TASI

Vip)=—u 2§02 + /1§04 (tree-level)
’

Self-Interacting
Effective Potential:

A(A) — negative
@ @
Y(p)=1 | (o) \ @ ¢
y (top-loop)
(@=T,+)p)=0 T o 7
. ¢ »Im{¢ }:WL >ZL
Electric Charge(Q) 0
U(1)gy Symmetry Re {¢ } = <¢> +H

0 =0}
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TASI

If isospin (7)) were an unbroken
symmetry,

allowed

—

The measurement of egez —> Z gives us sin’ 6,
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TASI

M, =
91.1875 (21) GeV

ALEPH
DELPHI

e B I, =
T 2.4952 (23) GeV

:: 3 GO —
¢ measurements, error bars ,"'. & 4 1 0540 (3 7) nb

increased by factor 10 /
]

—— o from fit 4

N, =2.9841 (83)
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TASI

LEP P_vscos6_ ALEPH §

DELPHI+
L3 +

OPAL +
e polarization

2/dof=4.7/7

P_(0) =-Ay=

s 2 plept
—2(1—4sin"6;)
~—-15%
4
-1 08 -06 04 02 0 02 04 06 038

cos0
12-13 June 2003 Chris Tully Page 7




TASI

Threshold Production Measurements

at +/s =161GeV Ve
e _/ W—
were overwhelmed by above threshold
direct reconstruction methods 1n semi-leptonic W pair events
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TASI

From polarization measurements, we find

sin?0,,=0.23148 (17)

However, the tree-level relationship is
sin’ @, =1-(M,, /M, )’
=0.2277 £0.0013 (stat.) = 0.0009 (syst.)
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TASI

Each observable is calculated as a function of:
Ady.g, 0 (M), M, M, ., M (and Gy)

top ?

higgs

2
top

Top quark loop Art? oc Gy M

Emission and absorption of a
virtual Higgs particle
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In 1994-5, the top mass was
common 1.7 MeV estimated from LEP data.

not com 2.1 MeV

'ldof = 3.3/3 Now we face similar
estimates for the
lightest Higgs boson.

0.23148 = 0.0001

%°/d.0f:10.2/5

2490 2500
I, [MeV]

L L

2480

=3 Ao = 0.02761 + 0.00036

-~

Eim=174.3+5.1 GeV
T T T &
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TASI

Run I'result: M, = 174.3 +3.2 (stat.) + 4.0 (syst.) GeV

Recent re-evaluation
of the Run I top mass
from DO:

wp — 180.1 £ 3.6(stat.)
+ 4.0 (syst.) GeV

150 175 200 .
M, (GeVic) (compared with £+ 5.6 GeV)

Background . .
Dominant systematic
® Signal+Background
i from.Jet Energy Scale

will be reduced by
scanning My,

M

e

S
|
2
>
Q
)
(o)
s
—
"hq..‘
w2
b
a
D)
o
—

150 2 300
Reconstructed Mass (GeV/c")
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TASI

Cross-section measurements for JE =1.96 TeV
are being reported. Candidates seen in all channels.

DO Preliminary

on
ep

dileptons

e+jets

WL+jers

e+jets/L

LL+jets/L

Channel | Lum(pb-?) Expected Expected Obs.
Background Signal
etjet 50 2.7+/-0.6 1.8 4
utjet 40 2.7+/-1.1 24 4
etjet/u 50 0.2+/-0.1 0.5 2
utjet/u 40 0.6+/-0.3 0.4 0
1) 43 0.60+/-0.30 0.30+/0.04 y
ey 33 0.07+/-0.01 0.50+/0.01 1

lepton+jets

12-13 June 2003

8.4 71> (stat) 37 (syst) £

0.8 (lumi) pb

Chris Tully

All channels
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CDF Preliminary = CDF Il Preliminary (72 pb )
M, =171.2 + 13.4 + 9.9 GeV/c®

—h
=

[ osta 132 averts)
] Emckground
Bckg+ Signal

[ everte win tag @)

»

132459 +15%08 pb

[+ |
0.3F

0.

-~
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= o5

= paf

I 03F

Events/(15 GeV/c")
-t b W a0 & -] & O

I FERT ATh
160 165 170 175 130 135 130

Top Mass (Gevic )

%ﬁ | !

%

:53+19+08+O3pb -
NLO: 6.7 £ 0.71_, - pb 3
Q l\llmp j- 175 GeV | -
(hep ph!0303085(ML Mangano et al)) ;—
o- B
= II|IIII|IIII|IIII|IIII|IIII|IIII|III
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s(pb) Reconstructed Mass (GeV/c )
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Standard Model
Precision Electroweak Data
Shrink the

I - uncertainties on
"""'f----...i__Gto;,:5-?GeV """""""" My and M,

M,, = 80.426 + 0.034 GeV

'
-

100 125 150 175 200 225 250 275 300
M, (GeV)
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TASI

-theory URCertainty
5
Aa’l('la)d =
I ERE G R0 0036 Electroweak Fit:
Y e 0.02747+0.00012

"-_‘ = \Without NuTeV — 91+58 GeV

log M; = 1.96 £+ 0.21
M,<211 GeV @ 95% CL

Preliminary
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TASI

(Snowmass study hep- ph/Ol 11314)

Uncertamty on oM,/ My
from W mass

Uncertamty on oMy/ My
from sir129eff (M)

Total Uncertainty on
| oM/ My

For Example:

oM, =115 'j¢ GeV

Run 2b LHC

log My, = 1.96 £ 0.21
M,<211 GeV @ 95% CL
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TASI

L]

Background E)ﬁly P — Measure
P median separation

of hypotheses

d H
-+ H H . H
- B LTS B Tt SR TPRE R SR

0 .
8% 95%

~ Background+Signal

Scan versus Mass

110 111 112 113 114 115 116 117 118 119
M,, (GeV)
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TASI

Very Slight Excess
Compatible with
Predicted Rates

above:

m, >116GeV

Lower Limit
Set at CL=95%:

v :202(3‘1 \Y)
i@ ARV : -114.4GeV

S|Qnai*Baekgro'u-n-d----------------15 ..................
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Higgs Boson Searches TAS|
at the Tevatron

p
pp > Z+H \. Z_*_

> bb / N
Vl7 - ,

p

1"
3
|

= 2 b-jets

12-13 June 2003 Chris Tully Page 20



TASI

What are the backgrounds
that produce b-jets
and missing energy?

tt
tb/qtb
ZZ/\WNZ

Z+gluon/W+gluon
QCD bb + semi-leptonic decays
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TASI

Entries 194508
Mean 0.834

HMS. 15.11 Shrlnk to
S r——— 10 GeV or less

Mean -1.876
14.46

Missing Energy Component (GeV)
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TASI

ZH—vvbb

Missing Energy
tends to be
at least M,/2

Missing Energy (GeV)
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TASI

MET Signif -- QCD bkgd ZH —)VVb o)

Entries 7631

Mean 1.252

RMS 1.618
9 1

Missing Energy
tends to point
away from Jets

Missing Energy Significance
(MET/o 1)
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TASI

——DO0 jet resolution

~ ~ -CDF jet resolution, run | calorimeter only
-—-CDF jet resolution, new+improved

e SHW jet resolution

Shrink to
10% or less
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— Signal(115)
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— Signal(115)
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Run 173100 Event 30396136 Tue Jun 10 23:53:44 2003 Run 173100 Event 30396136 TteJth 10 23:53:45 2003
E scale: 19 GeV ET scale: 18 GeV
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“J Run 173100 Event mﬁei’aésll Tub Jun lh"fézss::u; 2003 /
Py N H—t +

| \ }_’/ WL I
| \ I|
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/!
/4
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Run 173100 Event 30396136

T

View 4, General

A\
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® Missing Energy Event from LEP

12-13 June 2003 Chris Tully Page 30



-

m, =115GeV

- oz -r - v
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10° 10 10

A is negative for m=17S5 GeV
TR Il <—— at 1000 TeV

77 //A
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Isidori, Ridolfi, Strumia hep-ph/0104016
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+

_ : P C
1-doublet Model: 0 = [gDOj > = o

Down-type mass Up-type mass

Sdz—Gd(L_t J)LgodR £ —Gu(b_l d)LgocuR
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Down-type mass Up-type mass
_ : d Vl m = Guv2
— L=

\/5 \/5

2
l\ Electroweak
*\Energy Scale

m,;

m top /m bottom?

8 degrees of freedom

— 3 longitudinal polarizations (W,%,Z))

leaves 5 Higgs bosons: /h, H, A, H*
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TASI

Large tanf3:

b quarks and t leptons
couple strongly to A

top quarks
couple weakly to A

Higgsstrahlung off a b quark:

q b
A b

7 Wales
b D
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__________ Bé_ac_kgm_lil_n_d___onli(_ _____________________

WH and ZH Production
Falls Off Slowly

-

0 n i L i i " 1 i i A
100 M., 140 160

+Background

_10_||||||E||i|||||||||||||i||||
100 110 120 130 140 150 160

M, (GeV)
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Tevatron Run 2
Performance

Signal
Expectation

-71.5

| SlgnaI+Background

_10||||i|‘~|||||||||||||||||||||
100 110 120 130 140 150 160

M, (GeV)
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Tevatron Run 2
Performance

Expectation

125 130
m, (GeV)
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d|

, CDFIl Detector e

END WALL Retained from Run |

HADRON

Time of Flight CAL. Solenoid (1.4 Tesla)
Central calorimeters
Central muon detectors

/
SOLENOID ,’

/

New in Run il

Tracking system
Silicon vertexidetector (SVXII)
Intermediate silicon layers
Central outer tracker. (COT)

End plug calorimeter
Intermediate muon detectors
Time of flight system
Front-end electronics
Trigger system

DAQ system

0
L
'_
Ll
=
o
o
-
<
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z
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1d
a
<
T
o
-t
-
a
a
4
L

Inner Silicon Intermediate Silicon
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A Trigger and DAQ ™

Detector

Rate at
L ~3E31 cm2s-

Calorimeter energy
Central tracker
12 kHz Muon stubs

Cal Energy-track match
E/P, EM shower max
Silicon secondary vertex
Multi object triggers

L1
Trigger

=
— = el LT
I

L2
Trigger

L1+L2 rejection: 20,000:1

|

250 Hz

Farm-of PC’s running
fast versions of

I

L3 Farm

50 Hz Offline Code = more
Mass sophisticated selections
Storage
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TASI

Track and Vertex Triggers

e S uses L1 XFT
uses COT axial to find N vl and SVXII

7l
ol

high PT tracks at L1 "..-"ert«m/[L

Trigger b and c in
hadronic decays

o [1allire rss vehmsmhm T ras

...........

Impact Parameter at L2

Ap_‘_/p.‘_ = 1.65% P (G@V/C G = 50 um
= 43um (reso) ® 25um (beam)
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DG Run Il Detector TAS!

Forward Mini-drift Cen tral Scintilla tor Forward Scintillator
chambers

LrAr Calorimeter
Central muon detector
Muon Toroid

Magnetic tracker

2 Tesla solenoid

Silicon microvertex tracker
Scintillating fiber tracker

Preshower detectors
Forward muon detector

. S e Forward proton detector
New Solenoid, Tracking System Front-end electronics

Si, SciFi,Preshowers = Trigger and DAQ

i + New Electronics, Trig, DAQ l
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., 20 Run lla Integrated Luminosity | 19 April 2002 - 12 May 2003

Current 186.2
180.0 -~ Delivered . | Efficiency 1727 A~

- ~87%
<~ Physics
160.0 149.37
<1400 134.6
e
117.9 :
L1200 ,ﬁ

~
36 pb " of
Delivered Lumi m;:’ ?“mge 95.2
from 7 June shotbo 4 X :
2001 to 18 /
April 2002 74.6 5
E / \\

| Fully Inst. /
Tracker / 4'{/ ;::t?:lt:‘::!
19 Apr 2002 = :

27.0 13 Jan - 9 Feb
~ 50 pb-l i | & 2-10 March

S /, [ |
-~ 2003 Winter Conference Data
? P

Apr-02 May-02 Jun-02 Jul-02 Aug-02 Sep-02 Oct-02 Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr-03 May-03
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TASI

—e— Integrated pb-1

100 x Weekly pb-1

Integrated Luminosity (pb')

] i
2003 2004 2005 20006 2007
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p
Fermilab (Chicago, USA) B

. _ .‘.FIIIIIIIIII... op_z{- e B e
,g.’:-'ﬂi_-'fga}-.«r-- % 7 . | «% " L4 - =T Ve

T - . % % )

e s

e %" LEP Dismantled
Vi AR in 2000

Tevatron Iiun 11
“. Picked up speed in 2002

| | | ] 5
.

n ..l- . Startup of LHb
= Scheduled for 2007




Supersymmetric Particle
Searches at the LHC

TASI 2003

Chris Tully
Princeton



S . TASI

R 2t ‘-\*-:.D

T ’"" | ?' I' Only 3mm droop.
: 3/ ?7 % CMS Hadron Calorimeter
* Half-Barrel and Endcap
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LHC Start-up i

+ 2 pileup events i.e. 1033 and
25ns bunch s\pacing

PHASE 1: LHC commissioning (T, to T, + 4 months)

- LHC: Set-up machine. Start with one beam.
Colliding beams and slowly increase #
bunches and L. Collisions atL > 5 x 1032 at =
75 ns bunch spacing.

+ 20 pileup events i.e. 10%* and

23ns bunch spacing
PHASE 3: First physics run (T, + 7 mo.-> T, + 14 mo.) o

» |HC: 75nsand L ~ 103 cm2 s
= Physics run, max. efficiency aiming for 5-10 fb-1
= ~6 events per bunch crossing

PHASE 4+n: High luminosity running
= ~20 events per bunch crossing
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LHC Data Samples with 10 fb-1

Assumption: 10 fb-'in 1 year @ L =2 x 10% cm~ s™

Trigger cuts at L1 p; cut

L=2 x 10 em2 s

Single muon

Double muon

[GeV]

HLT p; cut Exclusive rate

[GeV]

[Hz] after HLT p

isolation

TASI

Channels —Pythia — Acceptance Eff. after HLT Yield for
Cross (1pin with p 10 b
section In|<2.1) isolation
[nb]
W uv 19.6 50 % 691 % 70.-x-108
Z~> uu 1.84 1'% 92 % 11 x 10°©
tt >WbWb 0.126 86 % 72 % 0.8 x 10°
2> uv+X

12-13 June 2003

Chris Tully
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Superparticle Symbol Spin
Gluino g 1/2
Charginos Zf,;?f 1/2
Neutralinos )?fafzoafg,oaff 1/2
Gravitinos 5 3/2
Sleptons €, ,€psV,, 0
ﬁL’ﬁR’VyL 0
T1sTysVy 0
Squarks ;ZL,ER,EL,ER 0
CL’C,:{?’EL ’ S 0
tl’ t29b19b2 0

12-13 June 2003

Chris Tully

TASI
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Sparticle

12-13 June 2003

Mass Range (GeV)

100-900
180-1600
250-2000
320-2000
180-1600
320-2000
580-3800

Sparticle

Chris Tully

200-3500
140-3500
180-3500
140-3500
200-3500
180-3500
550-3900
930-3900
550-3900
530-3900
400-2700
570-3300
500-3300
530-3800

TASI

Mass Range (GeV)
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TASI

SM bkg: tt, Z+jet, Wjet, ZZ, WW, ZW, QCD jets
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TASI

Benchmark Points

Proposed Post-LEP Benchmarks for Supersymmetry, M. Battaglia et al. (hep-ph/0106204)

I--El-ﬂ-------

150 | 450 | 1900
1000 350 | 1500

A
= DN DD
o= Ot

ko
=]
Ot -

s Rather low m; and m,,
values in order to have high
SUSY cross section

m Low tan [} value (tan [ = 10)
since BR(y,? — I"l-y,°)
depends on tan 3
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TASI

Reconstruction Method

At the end-point:

g — _ 1 —_
G Z M,

60

50

Events / 2 GeV

40

Events / 28 GeV

30
20

10 i |

400 600 800 1000

0

0 20 40 60 80 100 120 140 15 180 200

M(e*e)+M(u"y) (GeV) M(ig b) (GeV)
65 GeV <M(L"07)<80GeV
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TASI

Reconstruction Method

D
O]
[+2]
o~
-
n
t
o
>
8]

M(x3 b b) (GeV)

s SM bkg can be'reducedicutting on E;™'ss
= [The main problem is combinatorial
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Results @ Point B e

m%:ZSO GSUSY - 57.77 pb

c ¢ BR(pp —» q — decay chain) =1.4 pb
ceBR(pp > g — q — decay chain) = 0.5 pb

Result of.the fit:

M(7°q) =536 £10 GeV
6 =60%9GeV

Events / 30 GeV

Generated values
M(d, ) = M(8 ) =542.8 GeV

M(T, ) =M(T, ) =537.0 GeV

00

0 12|
12-13 M(x q) (GeV) Page 59



Results @ Point B e

m, =100

tanp =10 6 e BR(pp — b — decay chain) = 0.1 pb
sign(u) =+
A,=0

Events / 28 GeV

o Result of:the fit:
sz M(%°b) = 500+7 GeV
e G =42+5GeV

42,22

Generated value

_ = = 503.9 GeV
o x BR(b1) + ¢ x BR(b2)

800 1000
M(x3 b) (GeV)



Sparticle Reconstruction

Sbottom reconstruction

Dilepton edge
E{M™55 > 100 GeV

(-] am
Emries 5607
100 b Mean TR

RM3 41.86

20 40 60 80 100 120 140 160 180 200

200 400 600 800

M(ete) + M(utu-) GeV M(b x%;) GeV
fit:
p M(b ’202) GeV =499+ 7 GeV
o =48 GeV

M(by ) = 496 GeV
generated: (EL)

. M(bR ) = 524 GeV

12-13 June 2003

Squark reconstruction
anti-b-tag: o < 2, b-veto

Gluino reconstruction

250 } D 103

Entries 2001
581.2
193.6

Mean
AMS

200 |
il 10 fb~1

100 |

50

400 600 — 05
M(bb 5{02) GeV M(q ')‘(02) GeV DD 3156
fit: fit:
M(b0,) GeV = 587+ 11 GeV M(q%0,) =532 4 GeV
o =41GeV o =62 GeV

generated mass: M(g) =595 GeV M(JL) = M(EL ) = 543 GeV

M(Gy ) = M(cp, ) =537 GeV

Chris Tully



Jets + E{Miss has the ] " oMs
hlgheSt reach E'rl-'rIISS (SOOfb-.I) J (3000) 100 fb-1 .
OS two-leptons are
most useful for
sparticle reconstruction
TH
1000 -
> 800
Q
Squark, gluino production leads to o :
lepton(s) + E{™issS + jets € 600l ) -
Backgrounds: W + jets, Z + jets, tt, |
Wtb, WW, WZ, ...
’ ’ i 400 — e
pair production dominates the ’%
total cross section ; i
Cross sections don’t vary much T :
with W, tan B | | structure | 2:
0 500 1000 1500 2000

12-13 June 2003
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Jets + E.Mss Reach vs. L

Search for SUSY can start

very early!

Squarks/gluinos probed to
~1.5 TeV with 1 fb-1

Up to 2.5 TeV at design
luminosity and 100 fb-1

~1 week @1033
to explore

but ~1 year for
sparticle reco

12-13 June 2003

S‘\.
o
S
=

TASI

E(3000)

E?"’hoo fb)

hU 3N

S #(1000)
=Mermeann 2oLl

.L%Eh &G0

CMS
Tevatron reach <500 GeV
500 1000 1500 2000

m, (Gev) Page 63



TASI

Event Selection

Minimum calibration for the
trigger to function @ low L.

Spec.processors

40 MHz synchronous

-Particle identification:

-high pT electron, muon, jets, missing ET
- Local pattern recognition and energy
evaluation on prompt macro-granular
information from calorimeter and muon
detectors

CPU farms

100 kHz asynchronous farms
- Clean particle signature

- Finer granularity precise measurement
- Kinematics. effective mass cuts and

Sl event topology

- Track reconstruction and detector
matching

- Event reconstruction and analysis

12-13 June 2003

Chris Tully

AE/E ~ 3 — 5% (final
AE/E ~ 0.5%)
- with minimum bias events

HCAL AE/E ~ 10%

- source & testbeam
calibration show 5% is
reachable

with ~ 500 pum
needed
- hardware alignment +
alignment with tracks can
reach 100 microns
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Physics Selection at LHC ™

LHC  Vs=14TeV L=10"cm?s" (VNI A

OFF-line
LEVEL-1 Trigger
Hardwired processors (ASIC, "m
Pipelined massive H ||H
max Detector output gllcly LEVE \ ; it sof
e HLT Inout T 4 i ||Hh|
Draaessors

[ ] —ly }

O 2N ; : R Reconstruction&ANALYSIS

TIERO/1/2
Centers

99-qqHgy
Hey-11

IHIHIHWIH\I\
500 1000 2000 5000

Jet E; or particle mass (GeV) Glga Te ra Petabit
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Trigger/DAQ Evolution

High Level-1 Trigger

(1 MHz)
LHCb | High No. Channels
High Bandwidth

( 1000 Gbit/s)

ATLAS
CMS
OHEF{A-B

CDF I
DO I

. BaBar High Data Archives

%}D F DO (PetaBytes)
i Q=

ZEUS \

\

UM ) A

102 10°
QO LEP

Event Size (byte)

3
&
o«
[
3

12-13 June 2003 Chris Tully



Level-1 Trigger table TAS|
(2x1033)

Trigger Threshold Rate (kHz) Curmulative
(GeV or GeV/c) Rate (kHz)

Isolated e/y 29
Di-e/y 17 1.3 4.3
Isolated muon 14 2.7 7.0
Di-muon 3 0.9 7.9
Single tau-jet 86 2.2 10.1
Di-tau-jet 59 1.0 10.9
1-jet, 3-jet, 4-jet 177, 86, 70 3.0 12.5
Jet*E, miss 88*46 2.3 14.3
Electron’jet 21%45 0.8 15.1
Min-bias 0.9 16.0

TOTAL
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Trigger

Isolated e/y

Threshold
(GeV or GeVic)

Rate (kHz)

Level-1 Trigger table (1034) ™

Cumulative
Rate (kHz)

Di-e/y

Isolated muon

Di-muon

Single tau-jet

Di-tau-jet

1-jet, 3-jet, 4-jet

Jet'E miss

Electron*jet

Muon*jet

34
19 3.3 9.4
20 6.2 15.6
5 1.7 17.3
101 5.3 22.6
67 3.6 25.0
250, 110, 95 3.0 26.7
113*70 4.5 30.4
25*52 1.3 31.7
15%40

Min-bias

TOTAL

12-13 June 2003
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HLT Summary: 2x1033 ™

Trigger Threshold Rate (Hz) Cuml. rate
(GeV or GeV/c) (Hz)

Inclusive electron 29

Di-electron 17 1 34
Inclusive photon 80 4 38
Di-photon 40, 25 5 43
Inclusive muon 19 25 68
Di-muon 7 4 72
Inclusive tau-jet 86 3 75
Di-tau-jet 59 1 76
1-jet * E miss 180 * 123 5 81
1-jet OR 3-jet OR 4-jet 657, 247, 113 9 89
Electron * jet 19 * 45 2 90
Inclusive b-jet 237 5 95
Calibration etc 10 105

TOTAL
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TASI

fwd jet
(in HF+)

i Zq%é“
N:

fermion final state! fwd jet
(in HF-)

|2
=
=
=
=

P
(4
=
=
=

0
o
&
]
3
0
-
5
@

Tagging High energy forward
jets: for ‘physics’ analysis P,
(~20 GeV/c) the jet energies
concerned are ~200 GeV at
the outer edge of the detector
and 1 TeV at the inner edge

12-13 June 2003 Chris Tully Page 71



12-13 June 2003

Chris Tully

CMS Detector

TASI



-]
>
L

1"
3
d

21 wedges
fibered and
waiting
covers

All wedges
mounted on
strongbacks
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W, 2
————— H
.77 Rapidity T o W2
7 Hirof tagged 75—
; ‘1 Jets P! £ o, M, =120 GeV
ua L R I Forward jets (p,> 20 GeV, An > 4.20)
O 3. N I=grin b-jet veto (impact parameter cuts)
= = 0E . |
£ - A e |8 F lepton iso. (p,> 20 GeV, [n|<2.5)
i;;‘: 171 i ° 'g e lepton cuts (m, < 60 GeV,Ad, <140
Wk W& 2 ) I+ jet-jet mass (m, > 600 GeV)
. 7 background| ' = Slsha extra jet veto (p,> 20 Ge'
7| © background g WW m, (50-140 G
% : IW/I #j «l0.05 |
g ckgrou:n
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e+u final state, Mﬂ=120 GeV CMS Note 2002/016, M=120 GeV
A. Nikitenko 2001 (not published) CMS IN 2002/066, M=120-180 GeV

0.45 R RARE AR AR RS RN RN RN
: 99 —> gqH

| H —>ww = two leptons+vy

[ m, = 160 GeV/c?

N
O
Q

i eu final state
[ M(WW) ofter all cuts

b0 GeV
o
=

e
X!
n
]
=]
o

é_red - S+B
~ [ blue — 77jj, wwjj, ttj]

—
wn
o

Egreen — TTjj+wwjj
2 Eblack — wwjj

Events for 60 fb™ / 5 GeV/c?
2
o

[+
o

1j background

:. I R PR
0 20 40 60 80 100 120 140 160 0
My GeV 0 20 40 60 80 100120140180 180

my(lepton pair,Ey™) (GeV/c?)

qqH - qqT7T

WW Mass very broad
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[
4]

parton level study
D. Rainwater, D. Zeppenfeld 1997

- M.Dubinin
[ signal+background, 60 fb™

pp —> yy + 2 jets, my= 115 GeV/c*
' corrected for eff. from DAQ TDR

[+
[=]

CompHEP + cmsjet study
M.Dubinin CMS Note 2001/022

—
h
T T

reducible bkg. was not simulated in both
above studies

Events for 60 fb™' / 3 GeV/c?

-
[=]
T T

preliminary study of S. Shevchenko et al
(pythia generator + full simulation and reco)
indicates dominant y+ 3 ) background

T. Lee, V. Litvin. H. Newman, S. Shevchenko. 2003 preliminary "+ e s 10 12 tio ((;63 /' '2')80
Higgs i

cross section

Mass
window

1.5 GeV

Background
cross section

Luminosity
for 5 sigma

pythia may underestimates y+ 3 | bkg

0.34 fb

0.13 fb

47 b

2.0 GeV

0.41 fb

0.17 fb

41 b~

2.5 GeV

0.45 fb

0.21 fb

41 fb

3.0 GeV

0.49 fb

0.26 fb

3.5 GeV

0.52 fb

0.30 fb

1
41 fb—!
42 fb—

1

4.0 GeV

0.53fb

0.34 fb

44 fb
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Chris Tully

new estimates will be done with
v+ 3 j CompHEP events

(under preparation by M. Dubinin)
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12-13 June 2003

inclusive H->2y

H—=yy
m,, = 120 GeV/c’

110 120 130
m. (GeV/cz)
requires excellent
resolution and

sophisticated
reconstruction

pp->H+X channels
pp->H+j, WH, ZH, ttH, (bbH?)

- less demanding to resolution
- vertex can be more easy defined

- survive even if stop is light

however, more simulation and
theoretical work has to be done

to prove that they are in
competition with inclusive H->2y

Chris Tully



TASI

Number of events

o Low Background,

CompHEP + c=mSJet High Resolution

pri 2 Mass Reconstruction
o T is possible

with enough luminosity

70 &80 o0 100 Ilo 1200 130 146 i3 160
Reconstructed Mass (GeV)
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TASI

SM Higgs Discovery Potentials

4 H — yy
fLdt=301b ttH (H — bb)

(no K-factors) H o 77" s 41
ATLAS H — WW 5 v

qqH — qq WW""
qqH — qq7r

_  Total significance

3
=
=
o2
=
=
20
W
—|
=
=
.@
A

180 200
m, (GeV/c)
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SM Higgs Discovery Potential 1asi

with 10 fb-

CMS, 10 fb-! No k-factors

i ®H —> ZZ,77° —> 4 leptons

8 & VH — vy, inclusive
cC | VitHWH, H = yy, W — =]
8 B % ttH, H — bb 1
:_: VVVV AH —> WW — llvy
g., i BH —> WW —> lvjj |
U__) 77 f‘\ O H—» ZZ —>
1 3 s H> WW S Ivly

o
LI |
L ]

m,, = 110:+::2001GeV

50

% qqH, H = WW" = Il

mHl (Gle\/j |

Chris Tully



MSSM Higgs Production

b/c tagging efficiency

* b-jets E;= 50 GeV

u b-jets E;= 100 GeV

0 8 ; i ; ‘ @ c-jets E;=50 GeV -
. tc-jets E;= 100 GeV

b-jets

0.6 TSy

12-13 June 2003

6 (pp—h/ H+X) [pb]
Vs =14 TeV

Mi =175 GeV
CTEQ4

tgp = 30

bbH final states production enhanced by
tan2 § in the MSSM w.r.t. SM

- Note importance of bbH final states!

B-tagging plays a key role

Chris Tully



TASI

Higgs couplings to fermions:

cosa —sina
_ * Situ sin 3 " Siwh Mo Jii
f sin o cCos &

= Sn'u sin 3 " Sutws ~ cos [
f

e proportional to mass — 3™ generation favoured

e tan [ enhances couplings to down-type€ fermions
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« MSSM contains 2 Higgs doublets, therefore 5 physical
Higgs states: h, H?, A%, H*
—
L ~ degenerate in mass for high m,

looks like Hg,, (but m; <130 GeV)

Two-loop / RGE-improved radiative corrections included
T T T T T T T 1 T T T T T T T 1
No stop mixing ) Maximal stop mixing

Msusy= 1 TeV Msusy= 1 GeV H,tan\B= i‘:’,

H, tan p= 20

H,tan B=20 22,

HE tanp=20 H.tanp=2 - HE, tan p= 20

Hi, tan p= 2 \ //\;;;"_.’-.f,,..

h, tan B= 20

Muicas (GeV/c?)

: | | | | | | | ] | | | |
0 25 50 75 100 125 150 175 200 225 2500 25 50 75 100 125 150 175 200 225 250

M, (GeV/c?) M, (GeV/c?)
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TASI

Heavy SUSY Higgs @ 10 fb-1

A/H>puuO
tan =30, m,=130 GeV
CMS, 10 fb™
maximal stop mixing AlH= 11 o
Maysy = 1 TeV tan B=40, mA=200 GeV

HA — 71— +71 jet+X

tt, t— Hib, H:t =T
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A/H > ppinbbHgey

Production

Dimuon invariant mass
3505

mA = 130 GeV

300 tan B = 30

o 250
f= e A+H signal
L%J i DY background
150 e tt background
100 Discovery contour curves  sotuce

.....
*

.
....
jarm
.........
.............

Requires b-tagging, efficient RSN
track reconstruction without
ultimate track reconstruction

resolution

o _LIII|IIII|!III|IIII|II I|III!|IIII|IIII|IIII|IIII

200 250 300 350 400
m, [GeV]

—
o
-
(41
o
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A/H> 17> 2leptons =

Signal: 1st and 2" leptonic decay
Backgrounds: Z, vy, tt, Wtb

m, =200 GeV, tan =40, 10 fb"!
H/A2tt1211+X H/A2>1t1 2ep+X

S. Lehti

. _ H/A — 77— eu+X
H/A — 77 —> II+X ' a
with b—tagging

with b—tagginag L :
' ’ 3517g m, = 200 GeV

m, = 200 GCeV

tanB = 40 = tang = 40
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TASI

discovery of the heavy MSSM
Higgs limited to upper triangle in
m, — tan [3 plot

* note: the 4° can.always be found

maximal stop mixing . .
Maosy = BRI - problem is'that production

- mechanism (e.g. bbA%H") needs

b
Hrtsig, oS

tan 3 enhancement

Need new 1deas to cover low tanf3 - high m, region ...
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TASI

A0
HO
ZO
doesn’t work for SM, but remember SUSY ...

u = =500 GeV M, = 120 GeV

Most promising decay channel:
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Typical discovery reach:

A/H — vy — 4 leptons
seems to prefer low tan f3,
complementary to A/H — 11 !!

=
b=
T
H
T
re)
HH
T
T

CMS, 100 fb™'

. .. CMS
maximal stop mixing

A H—=>x3—> 4 lept

A, H—=>x5x2 —> 4 lept

TT% |+T_J‘et+x’ 30 fb—'l _M2=1ZDGSV,3be_

M M,=120 GeV, 100 fb™'

M M,=180 GeV, 100 fb™

T

Excluded by LEP
500 600 700 800 Q00

m‘. (G eV) Excluded by

0 200 400 600

M, (GeV)
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TASI

Analogue production mechanism for H* :

tang=10 p= 150 GeV W.=150 GaV

Analogue decay mode:

H* = 5,50 015" —> 31 + Efs
— only 3 leptons, need to reconstruct additional top (t—bjj)
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TASI

RS 10, HO, A%, H*
-

B 10, HO, A°, H*

¥
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TASI

M "

= 10, HO, A?, H*

|-
N
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h = bb production in squark/gluino  TAsI
cascades

Signature: B-jets + lepton + E;Miss

- Requires b-tagging + jet counting + full
calo coverage for E;miss

Low tan (3 regime

J T | | '.,é'«'q_ =0,tanp=2,1u<0
tanB\= 10, n <0 L BR@Am=sowt

\ SN B>5

s/VB=121

Search can
start at
a few fb-1

m1/2 (GeV)

P AP o
~Q - P ,(E—.;fq bbé LEPII |

[/ Tevatron |

EX

1 1 | |
0 200 400 600 800 1000 1200 1400
mo (GeV)
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TASI

m What is the current theoretical
guidance behind the SUSY and Higgs
searches?

= How does one judge the discrimination
power of different search topologies?

s When can theorists “raise the bar’?
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