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L » Other Precision Measurements » Future
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EWSB : Big Picture

» SU(2) ®U(1),
» Whyare M| and M, O(100) GeV , yet My =07
®» SM : spontaneous symmetry breaking via the Higgs mechanism.

5 N

» Precision measurements to confirm this picture. » Direct searches for the quanta of the Higgs
» Indirect determination of M_through loop effects. field.
¢ w » Discover the means by which the Higgs
o P ot i X mass is stabilised :
\Va \J‘u\ﬁ\\* Jenuﬂu“u'\u" W WU\..' ) .‘m L ¥+ Supersymmetry
b H * Extra-dimensions, etc.
— 6 » Other agents for EWSB.
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Passing the Torch

LEP/SLLD Tevatron LHC

® HERA
® Low energy expts.

® Linear Collider

® p-collider

o ..
N J

WIN'05 Electroweak Symmetry Breaking



Tevatron Enters its Stride

[

The Tevatron now routinely delivers
to both CDF & DO:

J

L4

Process Events/Week
tt 50
W—ev, 18,000
76t e 1700
WW 90
Wy-evy (high-pry) 130
gg— H (Mp=115GeV) 6
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Integrated per experiment
(~800 pb™) data on tape :
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N (Z% I+I_) TEVATRON N (W) LEP
N (W% IV) TEVATRON > N (Z) LEP
5000 tt

400 WW-=Ilvliv (I =e,u)




W Mass Measurement

W-Boson Mass [GeV]

TEVATRON —+e— 80.452 +0.059
LEP2 —— 80.412 £ 0.042
Average 80.425 + 0.034
¥*/DoF: 0.3 /1
NuTeV —h— 80.136 + 0.084
LEP1/SLD —A 80.363 + 0.032
LEP1/SLD/m, A 80.373 + 0.023
80 802 80.4 806
m,, [GeV]

WIN'05

[

e

™G

N\

— )
pPp—oW+X
m MLNn
".'l‘
Im W neutrino
b | Vo
proton beam - ANTOIoton Deam
@ u - @
%] (s ]
H“
J
\
+A— +\A /-
e e -W'W
i - W
b r
Y psss
AN " AN 4
.-*mw.-'-.w-.-wg;
T
‘?EL
e W
e ) o s W
.._hN\rI‘“
! Ve
o
e e
J

Electroweak Symmetry Breaking




W Mass @ LEP-II

WIN'05

Source Systematic Error on my (MeV)

qqlT, | qqqq Combined
ISR/FSR 8 8 8
Hadronisation 19 18 18
Detector Systematics 14 10 14
LEP Beam Energy 17 17 17

Colour Reconnection —

Squeeze the last
few MeV out of the
LEP-II data

Use independent

" : B Vonawers] ads " . = (e ‘ y

([i(f)ise—Em.stem Correlations ; 3_3_ - j observables (particle

her 5] .
Total Systematic 31 101 31 flow) to Conﬂra_ln
Statistical 32 35 20 colour reconnection
Total 41 107 43 9 probability y

4 i
N\ N

® Modify jet reconstruction to minimise
dependence on CR effects — trade 3]
resolution & systematics.

| = P(CR) < 0.65

kI =1.18 ADLO
\ preliminary

® Total error : Am,(qqqq) :110 — 60 MeV ? :

® Overall LEP-II : Am;:42 — 38 MeV? 14

©® Final results published “soon” I
\ ) OE) .
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W Mass @ Hadron Colliders
®» Difficult : g e et
» limited Z— "1™ statistics to set g | WA
energy scale — have to use low Trer |
mass resonances and detailed MM Y
physics knowledge. ol \
» production uncertainties : recoil, ;ﬁ' X'fdof = 84 /58 %
PDF's etc. i M e
5 % mov) (GeV)
Source of uncertainty (MeV) W-ev (Run 1b) | W-puv (Run 1b) [C])F 200 pb™ : h
Lepton E scale, p resolution 70 (80) 30 (87) > 76 MeV (e+LL)
Recoil E scale and resolution 50 (37) 50 (35) » Better than Run 1
Background 20 (5) 20 (25) » Most errors still
Production & decay model 30 (30) 30 (30) scaling statistically.
Statistics 45 (65) 50 (100) » World's best single
Total 105 (110) 85 (140) measurement with
data on tape. )
» CDF & DO combined with 2 fo™:AM_ = 30 MeV
® LHC : 15-25 MeV ?7?
WIN'05 Electroweak Symmetry Breaking 7



W Mass @ HERA

81.5

8125

81

80.75

2

o w1 (T
dx dO? i 1-ArC\OP M, |
AM :: (1 Ty ] _ W

2
f

: Z
OMS scheme : Mw also enters in normalization
Radiative correction Ar computed in SM framework

H1 Preliminary

—— 82.25

-331.?5 USing MTOPZIYB GeV, Mh1995:120 GeV

Mw=80.786 + 0.207(exp) GeV

81.25

| - (1.7  from world average 80.425 GeV)

81

8075

ot ™ » Standard Model consistency test at

38(].25 q2 = — sz
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Top Mass Measurement

4 )
® Lepton + jets channel most sensitive.
® Major uncertainties :
I'. | > jet energy scale |
wm‘r W = » production & decay modelling
ot T i . | backgrounds
anti-down guark {‘U ,x/,_a- H“""},:.'mur k J
- wowt = 4 N
B~ 14" Run | World Average (~110pb)
= . = beam jet
: bl m =178.0 + 4.3 GeV/c’
e .: Mass of the Top Quark
s . - Measurement M G eV/cz]
I'l - A "r e top
qmr__.-""""--... S CDF di-l ——e—— 167.4 £11.4
i J b D&  di-l o 168.4 £12.8
“"".;:"*l““”'* .-"7/ ' 4 CDF I+] —-.— 1761 % 7.3
' . .-; Ve DD 1+] —=.— 1801 % 5.3
CDF all-j ——] 186.0 £ 11.5
x* 1 dof = 2.6/4
TEVATRON Run-| —.— 178.0 + 4.3
150 175 200
M, [Gevic®]
- J

o
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Entries/(15 GeVic?)

Entries/(15 GeVic?

Top Mass Measurement : New Ideas

Jet Enerqy Scale

® Impose W mass constraint and fit for an
In-situ jet energy scale determination.

® 20% improvement in JES systematic.

2-tag
. Data (25 evis)
Signal + Bkgd

@Bkgd only

L SR UENO N0 ®
| il I I i ey

50 100 150 200 250
m, (Gevic)

1-tag(L)
. Data (33 evis)
Signal + Bkgd

@Bkgd only

50 100 150 200 250 300 350 400
m, (GeVic

4 M

\ m; (W)

CDF Run Il Preliminary =

ISR/FSR :

q

(

e

® Use collider data itself (DY) to define
range of parameter variation.

g

50 100 150 200 250 300 350 400
m’(GoV.*::
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1-tag(T) q
[l oata (63 evis) CDF Run II preliminary (193pb~')
") 25 ' T : . ’
3 " —— Pythia 6.2
o (m= =)
s Bkgd onl B ; g
g Eeros oy ™ Pythia 6.2: ISR Plus/Minus
£ * DY data(ee)
= — e DY data(upu)
% 50 100 150 200 250 300 350 400 o5t _ -
m, (GeVie 3 — §
O-tag A el ST » 1
a0F ’ i — e
-l; a5k .Data (44 evis) 3;10 e i _,,}: e -
3 ::7 Signal+Bkgd ::; g T mtz
;_1' 20E @Bkgd only sk
§ sp
— logm) |
gl}ﬂ lﬂ:ﬂﬂ 20‘0{] 50‘00 10(‘”0 20(;00

M2 (DY) [GeVZ]
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Top Mass Measurement : New Results

Tevatron Run 2 Preliminary . ’ ) 6 i
27 . NEWAMY 05 5 —I\RA:Jn-I average ; ]
E‘z';lodmﬁverage 178.0+57+ 3.3 - Best Sing|e 4_- ----- CDF-I| preliminary :_.-" ]
© - measurement. o
DO Dlle ton 155.0+5-+ 7.0 ) 5 37 N
L= 230p5 13.0 » More precise than | ™ |
: O — former WA 2 ]
CDF Dilep ton 168.1+'1:0+ 8.6 |\_ '
(L= 200 bJ,J 9.8 )\ " |
— 0 Excluded ™. _ N .
DO Lep;nn+Jets 170.6 £33+ 6.0 30 100 500
(L= 230pb ) ¢ m,, [GeV]
- -
CDF Lepton+Jets 173.5+31+3.0 s
(L= 318pb F 28 94+ 1GeV/IC?
I R YR TR SN TN N TN RO TR S AN SO T N TR NN TR S S
140 150 160 170 180 90 - 2 @ 050
Top mass (GeV/e m, <208 GeV/c @95%C.L.
LHC:
» R(tt) = 1 Hz @ low luminosity. »Am_~1GeV seems feasible.

» Will still require detailed understanding of

jet energy scales, but many cross-checks properties.
possible with high statistics.

WIN'05

Electroweak Symmetry Breaking

» Precision measurements of top

11



Precision Measurements : Asymmetries

Historical difference between
A () SLD and A_;(b) LEP

. 2
SIN“S 4

FINAL RESULT

ol

A, e | 0.23099 + 0.00053
b
Alr Afb(b) Ay —v— 0.23221 + 0.00029
difference AL . 0.23220 + 0.00081
o had
= Qg x 0.2324 + 0.0012
1.8¢c
=00 Average - 0.23153 £ 0.00016
310 10 % yid.ol: 11.8/5
240 ]
29¢ = Prob=3.7%
now 3.20 @
29¢ D)
320 T
= 10 % oY) = 0.02761 +0.00036
] dm=178.0+ 4.3 GeV
0.23 O.2IS4

0.235

Electroweak Symmetry Breaking
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Br(W — uv)/Br(W — ev)=0.994 £0.021

Precision Measurements : Branching Ratios

Br(W —1v)/Br(W —ev)=1.069+0.029 EPH

Br( W —»1v)/Br(W — uv)=1.075+£0.028 -

OPAL
tau BR is three sigmas larger than e/mu ! | EPW
g, /8. =0.997+0.010 s
g./g. =1.036+0.015 LEP Wos
g./g, =1.039+0.014 DEP
OPAL
1 LEP W—
LEP W—

Direct test of W lepton universality
at the 1% precision level

WIN'05
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Winter 2005 - LEP Preliminary

W Leptonic Branching Ratios

17/02/2005
-
| 10.78 + 0.32
il 1040+ 0.35
E (& ;‘;I-‘ i 4 =
- 1065 + 0.13
’
e 1003+ 0.31
-t 1061+ 035
° 1099 £ 0.15
—i
ol 11.89+ 045
| - 11.18+ 048
| 1144 + 022
Yindf=63/9
n 10.84 + 0.08
| - indf=154/11
L D ) B St
Br(W-slv) [%]
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NC Couplings ----- -, —

qbar cos0,, 2

F= Y4 2ennn s vival ¥ea 1i]dgrD
q

X-F; = Z |:_2eq aq anZ T 4.Vq aqveanE :' x(q o q) .
g » DIS data lifts e'e” degeneracy.
» Tevatron A__ does similar.

‘ Determination of the four a,,v,,ap.Vp

= |

| = | |
- >
| H1 preliminary B v -a-v-a-POF | J| H1 preliminary W H1v,-a,v o2 POF |
v -a,-PDF H1 v -a -PDF
68% CL
D5 68% CL 0.5
= x.

SN\

* Standard Model

* Standard Model

-1 —— LEP EWWG preliminary (Feb. 05) n -1 —— LEP EWWG .
preliminary (Feb. 05)
l l l l
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
d
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W'bb Search Dijet Mass Distribution (> 1 b-tag)

B 1of
Light Higgs Searches 3 |
=t 10:-
» Low mass : H—bb dominates. §
Lu 3
» Production in association with gauge I
bosons provides distinctive signatures al i
but with much smaller cross-sections. :

» Z(—VvVv)H(—bb) also being analysed.

»- Still some work required to reach
anticipated sensitivity.

a (pp — WX) x Br (X —> bb) (pb)

Py
(=]

10
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u b — = A il
0 50 100 150 200 250 300 350 400 450 500

CDF Run Il Preliminary 162 pb

W s2jets ( =1 b-tag)

Wlight flavors

W*sheavy flavors

Top

wWZoW'w 2°2% and e
non-w*

WHHx 10 (my = 115 GeVic)

Mean = 104.1+ 0.2 GeV/c’
Width = 17.3+1 0.2 GeV/c"

T
B Mo - }

Mass (GeV/c)

W'bb Search 95% C.L. Upper Limit

CDF Run Il Preliminary 162 pb’

= Expected Limitt1s
- Data

-~ LO Technicolor (pp — W*n§ — W*bb)
- NLO Standard Model Higgs (pp — W*H — W*bb)

710 115 120 125 130 135 140 145 150
New Particle Mass (GeV/c?)



Heavy Higgs Searches

» High mass : H>WW dominates.

» Take advantage of largest : gg—H

PROD

» Direct WW production a serious
background.

» Use scalar decay spin correlations to
separate signal from background.

+

€

/

2

//Zﬁve

-10%

G10°

. Events/0.1

oxBR(H-WW) (pb)
)

Electroweak Symmetry Breaking
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Excluded at LEP

107"}

D@ Run Il Preliminary
-« DATA
- @Z/y +Y HH
~ @ Diboson
- Ot
- W Higgs 160 GeV

2 3
A ¢, (rad)

D@ Run Il Preliminary
H->WW—ee/ep/pu

Upper Limit 95% C.L.
L~320 pb”

4" Generation Model

——_Topcolor

Standard Model

| 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 |
100 120 140 160 180 200
Higgs mass (GeV)



BSM Higgs Searches

» MSSM : enhanced ¢bb coupling can
give large production cross-sections.

» Decay predominantly to bb, t"1".

g - h

mp " (u>0)

no mixing

[CDF 310 pb-
Run 2 (Preliminary)
ml":“x (u<0) h/A/H-1t .

95% CL exclusions

80 100 120 140 160 180 200
ma (GeV/c2)

WIN'05 Electroweak Symmetry Breaking

CDF Run 2 preliminary - L=333 pb”

- Z signal: 3394 + 515 events

Selected events
Background

Fit result

Qo
Qo
o
L om

Events per 5 GeV
(=]
o
o
o

1 1 1 1 I 1 ] 1 "I |°I 1 1 | L | ] 1 1 1 | ] 1 1 1
0 50 * 100 150 200 250

Dijet invariant mass (GeV)

(b Cross-checks)

MSSM Higgs — 1t Search, Track Multiplicity

CDF Run Il Preliminary 310 pb”

[ & vv, z— eefup

. jet — 1 fakes

5 6 7
Track Multiplicity

17



Higgs Searches @ LHC

3

So, what's new ?

® Many studies being re-done with improved
understanding of :

200

Events for 60 fb™ / 5 GeV

»signal & background (k-factors) 150
»- detector performance (full GEANT
simulations) 100
® Renewed emphasis on VBF,; utilising the sl

colour structure of the events to suppress i
backgrounds. o

| H —>WW > two leptons+uw

. CMS
' 60 fb

g9 —> qgH

my = 160 GeV

H] bockground

e

0 20 40 B0 80 100120140 180 180

my(lepton pair,E;™™) (GeV)

4

» ALPGEN updates =
» Tests using Tevatron (VB+n-jet) data

WW, ZZ fusion ™9 7.¢

WIN'05 Electroweak Symmetry Breaking

Higgs
Decay

18



o 10

Supersymmetry

o

-
»= Solves hierarchy problem.

N\ (.

» Natural dark matter candidate (R)

» Gauge coupling unification.
i

»- 124 parameters in MSSM
» Concentrate on a few schemes; and
parameter sets within those schemes.

J

—

WIN'05

10

10

15 SUSY and Background Cross-Sections

14

Jets

1y 12| — ® soft spectra

Bottom

oM —_—

10

10

10

10

g

a

7 s

10

10

] susY

To squarks
10° ———

10
10

3

2
sleptons

1 - (TEVATRON

1

. ® branching ratios

\_

J

\

_ MSUGRA Spectrum, case 1

oo L Me =90, my, =400, tang =10, u =518

800 -
800 -

700 -

EOO

s00

400

300

Electroweak Symmetry Breaking
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3

-1

DJ, 320 pb e Data
Preliminary mzy
eel-selection QCD
BRW +jet/y

WW, Wz 27
B it
CJSUSY signal

Multi-lepton Signatures

Eventis / 2 GeV
o

=N

q

e
Q

W

107

—30 40
pfrrack (GeV)

»= Search for trileptons & like-sign

5‘ 'I‘._'. """ |""I""I""I""I""I"_'.I':
- ! : Search for 155 — 34X D@,320 pb -
dileptons. = 06 e wd-ow w5 Preliminary
» Very careful control of backgrounds & 05 ) roected it )—f
. xpected Limit{not) -
required. = 04 —— ObservedLimit 7
. .. . 2 BN W, v Expected Limit J
» Chargino mass limits in the range 115- o3 e
130 GeV for large branching ratio o s
MSUGRA scenarios. [ e N —
) - ) .. 0.1

»- Significantly extending LEP limits. S

0 ---------------------------------------------

100 105 110 145 120 125 1:;0 135 140
Chargino Mass (GeV)
WIN'05 Electroweak Symmetry Breaking



Squark/Gluino Searches

q
; o s ! Extended mSUGRA LEP limits
q £ ! 2 2 g ¢
. g > q fo q ~ 600 D@ Run Il Prellmlnary L—31[I pb :
~. o 1 o
X > ]
g 500 [LEP2 1] ¢
Jets + MET @ I
. g 400 \\\\\
® 4j(33): M, = 500 GeV : M(g) > 233 GeV 3 EE oo SN
® 3i(39): M(g) = M(a) : M(@) > 333 GeV ‘\\\
® 2j(dd): M, = 25 GeV : M(T) > 318 GeV
LEP1+2 “\‘\\
Hets(P; (GeV)) TPk | MET |Bkg. OBS \\\ N\
GeV) | (GeV) Expected 100 200 300 500 600
2 jets(60,50) 250 175 | 128454 | 12 Gluino Mass (GeVic?)
3 jets(60,40,25) 325 100 6.1+3.1 5
4 jets(60,40,30,25) 175 75 9.3+0.5 10
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® LSP no longer necessarily stable : loose

dark matter candidate.

® Sparticles can be singly produced.

® HERA :

~
I
X(1],2 X1
et e
A u, d
slepton exchange
\ h/‘[S(lllfrll'ks j
o M
® Highly complementary to Tevatron.
WIN'05

R SUSY

B )
}“11'1

10

10

Unconstrained MSSM, j=1,2

=300 < 1L <300 GeV |
70 < M, < 350 GeV
M, ¢p > 30 GeV imposed

-
el

-t
-

- (@ ¥

1 | A P ki I | |
100 125 150 175 200 225 250 275
(GeV)

sauark

> 275 GeV excluded for EM strength coupling. Similar limits for stop.

Electroweak Symmetry Breaking
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SUSY @ LHC

Recent proqgress :

® Inclusive signatures.

. » ” ' :
® Fully include tau decay channels. SUSY Scale™ Variable

® Mass reconstruction in cascade . 4
sum __ miss
decays. E =E""+ Z Pr,
® Determination of new particle i=1
properties. .
' g
o F SM background
- /
1200 '_—I LI I R L L L | 11 I— E 4;
[ . - S 10 SUSY (700 GeV)
1000} LY P - '/
& [ s B < - e
> = - . = g N 1
o 800f - o 3 L,
- : ’o. ¥ 10 E L
> - Y < . - ED
5 600F e’ T & %L,
E{n - l. - 27 g
pad i » 10 1
E ot e B E
200 - Warning: ml .
- I model Idependerllt plot! 4= i
A 111 L1 N I T e A | A | i | I |
0 500 1000 1300 2000 104 500 1000 1500 2000 2500

Etsum (GeV) E;um (GeV)
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SUSY @ LHC

® SUSY spin determination.
»  Make use of spin correlations in decay of squark :

4 O [Barr, ATLAS]
q.-=>%.0, € 4 [ .
L :> M(l"q) = | L
> L7 [ I'qandl g /i
§ |
> x ¢t [ Iqandllg
) \ 41_‘_1_'.:_1.:'-5.'.’!_} N
q. 2 l, :?5 1 [ ﬁm ng spin
— ke TR : B “cqrrdlations
| & 0 Tl BN I A ,
1'% 0 02 04 06 085 1
\ i
® Measure asymmetry between do(I"g)/dm and do(I™q)/dm.
® Exploit fact that o(pp—§) > o(pp—7q) .
» Visible asymmetry at high L (~500/fb)
WIN'05 Electroweak Symmetry Breaking




— SUSY

N
10

10

Events /5 (GeV/c 2)

[a—

—_
O 1

WIN'05

Example : The Di-lepton channel

Zt

(New gauge bosons)

CDF Run 11 Preliminary (200 pb )

Ay, Zy

-

(Little Higgs)

\\

G(KK)
(ADD)

y1/ZW

(TeV-! Extra Dimensions)

6

(Randall- Sundrum)

100

Data

Drell - Yan

QCD Background
TT, WW, WZ, tt

300 400

Dielectron Mass (GeV/c 2)
Electroweak Symmetry Breaking

€€ [Ldt= 200 pb-

diEM Mass Spectrum

D@ Run I,

¥* I ndf 62.63/53
Prob 0.1716
pi 24.03£0.M
p1 0.01187+ 0.00005




g 4 L L _
& H‘
., i
= AN i
2 CIREZIAN
3 S AN
G 6@ \ |
(b 6™\ M c=0.01

1 1 1 1 1 1 1 1= 1
1000 2000 300 4000 e GO0
M, (GeV)

® Interesting part of theory
parameter space can be
ruled out with 100/fb.

Also :

o AFB

® Interference effects.

® Monojets.

WIN'05

H.Davoudiasl|, J.Hewett,
T.Rizzo, hep-ph/0006041

Coupling Parameter ¢

-
<

1072

— SUSY

e.g. extra-dimensions

®» RS : KK excitations of graviton.

IR, < M2 10 fb™ 100 fb" —
_ Reg on of Interest ;,/ -
>7 /
/’// /
&"4 // // . -
‘:S Discovery Limit of
e / Randall-Sundrum Graviton
4 ' G ee
4 /
/ /
/ / CMS - Full simulation
/ and Reconstruction
_-In‘fllll\I|\I‘III\III|III\|III\|II I II|II ‘

25 3 35 4 45 5
Graviton Mass (TeVIcz)

0.5 1 1.5 2
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In a Lab Far Far Away ....

P T— U
& ——
g’—%
proton proton target pion muon muon acceleration
linac  driver decay cooling (upto 0.1 -3 TeV)
(a few MW)
\ o

(Physics :

storageé  getector
ring

Evolution of Beam emittance

» Higgs mass to 1 part in 10°
» Direct measurement of I'(H)

Transverse emittance (m rad)
ICOOL

» Resolve degenerate Higgses

Recent progress : new cooling ideas.

» Helical rather than ring cooling

combines ionisation cooling with
emittance exchange to provide
_6D” cooling.

J
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Outlook

C WIN'OT :

® New era of precision
measurements.

® Higgs discovery :
» SM (unlikely)
» BSM ??? A decent shot.

® Tevatron will still be doubling
its luminosity annually — very
Interesting for searches.

® LHC activities ramping up.

® Clearer ideas for the next
experimental steps.

M,,, [GeV]

80 70 experimental errors 68% CL:

—— LEP2/Tevatron (m:world average)
LEP2/Tevatron (m,: CDF Runll)

— Tevatron (future)

80.60

LHC
80.50
80.
80.30
SM
MSS M
80.20 both models

Heinemeyer, Weiglein '05 7
cvv v e e Py by b by gy g T

160 165 170 175 180 185
m, [GeV]
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