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Electroweak Symmetry Breaking

® Gauge invariant = nho mass term

® Higgs mechanism [wu’rh U(1) vector fleld]
> L =(D,9)+(Drg) - V(9) - 7 F Frv
—b+|eA Fo —bA-bA

u' v
V((I)) M2¢¢+ |7»|(¢ <I>)2

¢ ¢ is complex scalar doublet: Higgs field
» ezAMAucp*cp in (D,6)+(Duo)

Szpon’raneous symmetry breaking
>0 (hot) potential minimum at ¢=0

<p> = v/sqrt(2)
2<O (cold=present world) at ¢=0
(e2v?)/2:A Av € mass term!!

® One Higgs doublet in SM
> 4 degree of freedom - 3 x (gauge boson) - one Higgs boson
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Why is Higgs Preferred?

® Unitarity: individual
diagram diverges with
sqrt(s)

> gauge cancellation
¢ spin 1 intermediate state

> spin O component due to

/wr'ong helicity state of e

‘e” € must be canceled
by spin O particle

\

proportional to mass
=>Higgs coupling!




Higgs Mass

e M ,>114.4 GeV @95% CL
search by LEP2

| e M <175 (207) GeV @95% CL

@, diverges | global EW fitting

Q"’i‘-*:-f

106 109 1012 1015 1018

energy scale (GeV)

® Needs to be light (160-180 GeV) for a theory valid up
to Plank scale

¢ Finding a Higgs at M, ~ 120 GeV would be an evidence
of new physics

=> 115-200 GeV is our target mass range
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If the symmetry is not broken...?

® Fermion remains massless

® Nucleon mass almost unchanged, but proton
would be heavier than neutron

® Spontaneous symmetry breaking by QCD >
W/Z mass ~1/2500 (W ,Z vs =) > very rapid
inversed beta decay (p>n+e*+v)

® Unstable proton - no hydrogen atom
= Completely different world |l

Mechanism of electroweak symmetry breaking is

the mystery relevant for existence of ourselves

Kazu Hanagaki 6



Experimental Strategy and
Detector
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Search Strategy

® M, <135 GeV

> H = b b-bar dominant
» too much BG in
M g9 = H = b b-bar

,_’lfgs MassfieWC") > qqéW/ Z*'H(ébb)

(pg)

Cross Section

o
=
(4]
'
[@)]
£
o
L)
| =
(L)
| S—
o0

e For high M, range
> H > WW dominant
299> H->WW

r A\ e For medium M, range
' _3']'[) 120 140 16 ‘ | 180 200 > W/Z*H(QWW) he|p

Higgs Mass (GeV/c) Kazu Hanagaki 8




The Detector

CDF acceptances (used) D@ acceptances (used)
tracking (Si-Vtx.) n| <2.0 tracking (Silicon) n| <3.0
Drift Chamber: high precision tracking n] <1.0 Scintillating Fibers: tracking/triggering In] <1.6
Em-Cal: e/v nl <1.1 Em-Cal: e/v n| <3.0
Had-Cal: jets/Hy nl <3.0 Had-Cal: jets/Hr n| <4.0
Em: scintillator/lead, Had: scintillator/steel (¢/7x ~<1.3) Compensating liquid Ar with Ur/Cu (¢/7 ~1.06)
j-acceptance n <1.0 wide muon coverage n <2.0

n=0 n=1
Muon Scintillators
f\/luon‘(llhambersI
\ ol ~ n=3
Shielding /ﬂg‘g = <
M Calorimeter
7 L=

LHAISN :

% e X - —

= -In[tan(6/2
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SIIICOn micro- s’rrlp detector for precise
measurement of charged particle trajectory

' INew silicon aeieciorin DY, 'ﬂ-’ '- P
ORMPrOVEeMEniFoimojeitlidy

~ Insiallediandiiesieaininis ‘

Shuicaewn period




Identification of b-jets

¥ 2 I ndf 6.533/6
po 0.4478+ 0.01008

p1 0.1078 + 0.02567
................................................................................... o 0.08795 + 0.01449

0.5 1 . 2

jet ® c‘cb-hadron N 400‘500 Mm 9
travel by a few mm from

SecVix Tag Efficiency for Top b-Jets

Lonse Sec\ix

primary vertex
» S(Lxy) = Lxy/o(Lxy) or S
Top MC scaled to match data (IP) = dO/ O-dO W|Th VO (KS

' Onlybets with Ep215 Gev | eTC) r'emOVC(|

0
0 02 04 06 08 1 12 14 16 18 2

jetn Kazu Hanagaki 1



Higgs Search Status

» Standard Model
> MSSM



Standard Model - Low Mass Higgs

b ® oxBr(W/Z>ff) =
0.015-0.003 pb

b e Backgrounds
> W/Z+bb/cc/jj, top, W/Z
+Z(>bb), QCD...
® b-jet ID, jet energy
resolution are important

+ missing E+ 2 W mass

> Z>vv: large missing E+ o
> Z=21I: high py isolated : = indrumenta

[ tt/single top

dilepton = Z mass (0 2b1 0 85 x5
® High p dijets with b-ID
= dijet mass
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W(=>Iv)H(=>bb)

e p(eoru)>20 GeV G SO0 LeoTigsEs O

e Missing E; > 20 GeV (CDF)
> 25 GeV (DD)

e CDF: jet E>15 GeV, n]<2

DD jet Ep20 GeV, [n|<2.5
® b-jet tagging

=1}
[=]
(=]

Bacop

[]sM bkgd

Events / 4

mﬁ-’;"ﬂ_rz_ﬁ_l_!ll-»_ C XY
80 100 120 140
W Transverse Mass (GeV)

CDF Run Il Preliminary (695 pb'ﬂ}

D& Preliminary W + 2 b-tagged jets

>
i o e =371- -1 (e} Jata
o ® Consistent O g O s ets
& . ...N.__ EQCD
§ W'Th SM E Ei.-.vrltﬁ
-~ [ f:glr"uer
; background [E v
; expectations
> backgrounds
well
understood 50 100 150 200 250 300

Dijet Mass (GeV/c") Kazu Hanagaki Dijet Mass (GeV)



Standard Model - High Mass

CDF Run Il Preliminary, L, = 360 pb'1 ] DY/Z—I

] Wjet/y

0 WW

B WZ+Z7Z+tt

I HWW160
10 x HWW

—s—data

I~
o™
[=7]
«
o
]
=)
—
[/;]
L
c
Q
-1
w

e Two isolated high p+
|€p'|'0ns + m|SS|n9 ET -dilept10n alz?r-:uthaulzseparza-fion,L\.tbII

® Dominant background is D@ Run II Preliminary
qqeww ILim. = 950 pb-l

> different decay angular :

cor'rela’non wu’rh Higgs sugnal

——— o ——=>
—— <3 —<—>»
4 A& e ’ . 5 2 25 3

Kazu Hanagaki A o (e, u) (rad)




The Other Analyses

o WH 9 WW 9 Ii\/li\/x | D@ Run I Prelllkiminary
( )

—r
<

> high p+ isolated like sign
dilepton (ee,uu,eu)

> large missing E+

> diboson production is the
main background due to
charge mis-identification

events/1 GeV

CDF Il Preliminary L =320 ph'I

® {(>bW)H(>bW)H(>bb) [ S — N
> exactly one e or u irE
> missing E
> 3 or more jets |
> 3 or more b-jets R

events / 40 GeV

L
200 300 400 500 600 700 BOO 900 1000

H; [GeV]
16
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Standard Model Higgs Summary

Tevatron Run II Preliminary

I\\|\\I‘\\\\|\\\\‘I\\\‘\\\\|I\\I‘\I\\‘\\II‘\I\*
ttH-ttbb
CDF: 320 pb
WH—lvbb

\ CDF: 695 pb’] WH-WWW,
CDF: 194 pb’

[E—
-
o

HoWW ' Slvlv -
Al 8 CDF: 360 pb’]'

SR * L ]
ZH—vvbb—ti—; - HoWww O Siviv
~DO0: 261 Pb_l. -3 e D0: 950 pb'] (no uvpv)

>
Z
E
102
—
@)
N
(V)
@)

—l
<O
‘ A

L\

1
ek-H=WAV=5Tlvuy 325 pb
. First D@ combined result
: Z(211)H not yet included sz

I\\|\\;I‘\\\\I\ I [ -
110 120 130 140 150 160 170 180 190

m,, (GeV)




MSSM Higgs

® Two Higgs doublet in MSSM to avoid anomaly
> 8 degrees of freedom - 3 x (longitudinal polarization
of Wrand Z) = 5 scalars (h, H, A, H%)
> tanp = <H>/<Hp I

(I)O

B & ¢°
t b

Amplitude « 1/tanp Amplitude = tanf3 Amplitude x tanp

> At high tanp, o(h or H, A) is enhanced
> Br(A>bb)~90%, Br(A>tt)~10%

Kazu Hanagaki 18
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MSSM Higgs Search Status

® CDF: ¢o>tr;
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b)p0->b(b)bb, 40>t

| | ! | | | | ! | | | 1'..-Ir"T"'I"'I' ': @-1 Dn : T T | | I I | | | I I | I I T | | | .L..L‘_J___I_.-

P e N - = = ]

mmax 47 | § *- no-mixing _-

> i 4 - : .

.............. - 4 ] 80 e ]

.'___..' ue __..‘/___ \ ‘.-.r/ — - - .4.-' 3

?f' . - DO u<0 -

- 60 — E

DO <0 ] - DO u=0 ]

DG 150 ] 50 3 — D@ 1t p<0 _E

DO 1 1<0 i o e DO ttu>0 =

DO 260-325p' . pgrps0 | 30  D@260-325 pb' ~ CDFTTH<O -

CDF 310 pb CDFtrp<0 = 200 CDF 310 pb’ CDF11p=0 -

COFmtu=0 1 qof LEP 2 (1<0) -

| l |LEP ’2 | | | | | | | | | E OE | | | #EIPI ? (IL1I>I0)| | | 1 | | | | | | | | E
100 120 140 160 180 200 80 100 120 140 160 180 200

M, [GeV] M, [GeV.



Prospects



Luminosity

! 260E30 Lo Improvemen’r by the recycler as
| v Fon a storage ring of p-bar

® Electron cooling at the recycler

Luminosity Per Year
[ A0mAdr | 28madhr | 20mAhr | TSmA
Ciscal Year| (e ity '

Froa | 33 023 033

Fri 3 0.34 034 | 34 /"_ DESIgﬂ
F s [l & (RGN L1 =0 1Bl
FY06 0 &7 070 05

Fro7 | 18 195 98 | 074 / .
Frog | 15 152 103 | 073 / |
Frog 1.1: 1 50 0.56 — 30maAny

Intecratad Luminasity ife)




Improvement of b-tag at D2

correlation coefficient QCD data (fake rate)

u+ jet data (efficiency)

CSIP

a
-
w iE
S a
Mo
a =3
_'_:‘E -
hM l__iE
T >
}-—E U)lT
>y
(V)]

| I | | | | | SVT
SVT JLIP CSIP

® Three b-tag algorithms in
D@; SVT, JLIP, and CSIP
> correlated in efficiency
> small correlation for fake
=> significant improvement by

b-Jet Efficiency (%

Combina'l’ion by Neu r‘al ‘ pT,15andD<|q|<24
Network (~30% per jet) R Lo

Kazu Hanagaki QCD Fake Rate (%)



The Future of SM Hnggs Search

., __combined CDF/DO thresholds

® Comparison w.r.t.

expt. fifb_

old sensitivity study
> For M =115GeV: i
Limit/o =15 @~330pb! kB

by D@ alone vs 95% CL
exclusion @2fb!

item aain cross efficiency 1.1
lum(2/0.33) 2.4 LO/L1cal 1.1

NN b-taa 14 multivariate selection 1.5

iet resolution 1.2 reduced svyst. 11
hew channels 11 combine with CDF 14
increased acceptance 11 arand total 14

® We can reach very close to the sensitivity
study

Kazu Hanagaki 23



Conclusions



Conclusions

® Mechanism of electroweak

symmetry breaking is a
profound mystery

® Searches have been carried — /0@

out with 194-950 pb! of data [ ~# =

> Remaining events consistent with ~8..&

SM backgrounds 7

® Tf the (SM) Higgs exists and
is light, there is a great

potential to find the Higgs

Now is the Time to Search

for Higgs at Tevatron



Backup



Projection of MSSM Higgs Search

® Tevatron will

probe below
tan [3 — ﬂ no mixing

" ~ "00:bi~blo
'/_/ |

1 fb'lexp, H-1t

no Mixing

100 120 140 160 18[]_ 200 220 240
m, (GeV/c?)
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m, —max
1 TelV
X, 2TeV 0
M, 200GeV
w +200GeV

800 GeV

lwdrSILSY

tan” B

200 GeV
+200GeV
1600 Gel

no — mixing
2TeV

9

s = 1.96 TeV
M, = 175 GeV

80

O XBRy, oy =2%x0, X

radiative correction
depending on many
parameters

(1+Ab)2 ><9+(1+Ab)2

Kazu Hanagaki

nhancement factor

100

120 140 160 180 200
M, (GeV)

—  No Mixing
Max. Mixing

— Large
- Large A=
Large A =

|
150




New Technique of Jet Reconstruction

° Char'ged track information in jet reconstruction
= E(e/y) + E(neutral hadron) + E(chrgd had)

cal -

> Bippeal = Eoq = E¥P“(chrgd had) + E. . (chrgd had)

resolution measured in y+jet data
D@ Run IT Preliminary

 Callet

«— TrackCallet

similar
improvement
at CDF as well

29



b-tag efficiency measurement at D@

® Solve 8 equations for 8 unknowns

example to measure JLIP
efficiency with the
combmahon of muon tag
Ny tMel u+jet

before b-ta
9 PoJFPct)  u+jet && opposite tag

~H ~H
Ep My HE el

b-tag by muon el'py + ¢ (/P(f

S JLIP ~JLIP 1P
b-tag by tagger n ey Uy Hey na
under testing p’* B ey Py +a el p,

I 2 JLIP ﬂﬂ ﬂjLIf)
Kb "b - b ny —|_ KRel € (,u({ N el

b-tag by both tagger ] LIP S ILIPy 4

hb ._’) L‘b {)

number of events
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Low Mass Higgs Search at D@
* W(>e/u+v)H(>bb): 6xBR = 0.015 pb
* Z(>ee/un)H(>bb): 6xBR = 0.003 pb
® Z(=>vv)H(=>bb): 0xBR = 0.015 pb

for 261-389 pb-!
W(>ev)H
W(>uv)H 7 .
Z(~>ee)H 5% .
Z(>uH 9% |
Z(>vv)H

W(=>v)H miss lep. 2% .




