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Tevatron Performance
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e Record high:
— Peak luminosity:  172x10% cm s
— Weekly intergrated luminosity: 27 pb-t/week

o Total delivered intergrated luminosity: 1.4 fb-1
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Experimental Limits on Higgs Mass

80.5 ~~ LEP2 and Tevatron (prel.) [ Ao =
s — 0.02758+0.00035
68% CL e old
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Direct searches by LEP on SM Higgs Boson:

My, > 114.4 GeV (95% CL)
Indirect limit from fits to precision EW measurements from LEP-SLC-Tevatron

My <219 GeV (95% CL)
using “latest” M=172.7 + 2.9 GeV (CDF+D0, Run I+II)

preferred value: My =91 *4_;, GeV
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SM Higgs Production and Decay

Production Decay
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Search strategy: i Higgs Boson Mass [GeV/c”]

M,, <135 GeV associated production WH and ZH with H->Dbb decay
Backgrounds: Whb, Zbb, top...
M, >135 GeV gg =2 H (or WH) production with H>WW™ decay
Backgrounds: WW/WZ production...
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Higgs sensitivity

The integrated luminosity required per experiment,

discover it at the 3o or 5c level; no systematics ) ]
o g region with 2 fb1 by the

oA end of 2006.
SUSY/Higgs Workshop
100¢ Higgs Sensit:fity (-ggggg) E _
F Study ("03) 1 < No single channel guarantees
| statistical ppwer only ] SUCCESS.

- (no systemagtics ; I ’
(no sy ) « Combine two experiment’s

10;- —1  results.
: 1 < Improved understanding of
: / | Tevatron ‘ﬂ

5o discoVaT detectors Is necessary.
1E 3 evidencey i  * Need advanced analysis
PRELIMITARY 95% CL exclusion] techniques to maximize

S A S S S S S S . sensitivity.
80 100 120 140 160 180 200 y
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o CDF Run Il Preliminary (319 pb'1
9 o |
W H ’€ V b b = 500 W-s2jets (> 1 b-tag)
S [ —e— Data
8 [ [ weslight flavors
-a 40__ PN wi+heavy flavors
e Best channel for £ | — P
- o 30f O renw
low mass higgs. | e
- . 20[ E Mean=102.5¢“o.2 GeV/c®
* Event signature: | it WA G
— A high p; lepton (e or p) for
B . i U
Large missing ET % 50 100 150 200 250 300 350 400 450 500
i Dijet M GeV/
— Two b-jets (> 1 b-tag) >  Flosszpp’ D9 Preliminary ljot Mass (Gevic )
" 0 I o+ - i e Dat
« Backgrounds: o qol | eseaee CW s
— Whbb, Wece, a _
] ) c
— WH+jets (mistags) :>j =
— Diboson b
— Top
- QCD o
0
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WH - /vbb

CDF:. WH-> ¢vbb (319 pbt)
(evbb, nvbb combined)

DO: WH-> evbb (382 pbt)

—h

0

2 ™" E D@ Preliminary
S - WH — ev bb . CDF Run Il Preliminary (319 pb’)
g 102%— 95% C.L. upper limit 3,110 = —
T B PRL(1 74 pb-1) : ! % —— Pseudo Experiments+1c
E 10 E— :—_1mm'm" —': lﬁ 2‘ E —&—— NLO Standard Model Higgs (pp — WFH — W'bb)
3 5382 pb T 10 _ & ——®—— CDFRun1 W*H s Iybb Search (108 pb")
g 1 -~ § P = DO Run2 W'H — evbb Search (174 pb™)
E o L — =
- e b4 10 e ——
ll_m" PP < [ e z 1
e E Standard Model @~ v +|; [
O a2l N B PRI -
10 110 120 130 10 1 1¢
Higgs Mass (GeV) 2 |
o 5
After 2 b-tags, observe 13 events, 10}
expect: Whb: 4.29+1.03 :
Otherbkg: 5.73i1.45 10-2-—;|||||||
. 110 115 120 125 130 135 140 145 150
WH: 0.14+0.03 Higgs Mass (GeV/c2)
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no b-tag

D@ Run Il Preliminary
—— DATA

[ zZjjzjizob
(] Wii/Wj/Wbb
[ QCD generic

50 100 150 200 250 30C

missing E; (GeV)
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Events / 10 GeV

/H = vvbb

(]
o

Missing E; > 25 GeV,
2 acoplanar b-jets, E; > 20 GeV
Background: W+jets, Z+jets, top, WZ, ZZ

— No isolated track, H; < 200 GeV

Instrumental bkg: multijets w/mistag

— Jet acopalarnarity, various asymmetries

single b-tag

double b-tag

: D@ Run Il Preliminary | 7 101 D@ Run Il Preliminary
- —e— DATA ot —a— DATA
30 — [=] b=
" [ zjiziizee r oI iz
25 ] WijwjWhb a f [ wiwiweo
L c {
¥ ] QcD generic 9 1 = QCD‘ge"erc
20 B topisingle top Wk = EZ?;Q'E &7
15 " I vzzz r [ ZH+WH M, =115 GeV
E I ZH+WH M=115 GeV ) i
107
10 F
5F [
0} 1075+ 50 300
0 50 100 15 300 missing E. (GeV
missing E; (GeV) Issing E; (GeV)
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/H = vvbb

Dijetmasscut | ZH | mistag | QCD | Top | EWK [ Total | observed

120 bkg
Before 0.16 | 7.04 258 (209 |70 19.7 19
Mass cut for 0.13 | 2.2 0.9 08 [05 4.36 6

120 GeV higgs

-1

CDF Run II Preliminary (289 pb
|

E‘“ IR L L L L
. 2 jets & 1{]2:— Expected 95% C.L.limit £ 15—
IE E . Observed 95% C.L. limit E
E.>25GeV 1 | - :
- NLO Standard Model
.veto3ndjet E F E
e e
B, >70GeV = | i
1 = -
.>1 b-tag N :
= B J
T | 1
107 =
F e 3 Jets: 84.7GeV, 71.9GeV (b-tagged)
90 95 100 105 110 115 120 125 130 jssing E.: 98 ..,
. eV/?

Higgs Mass (GeV/c’ ..
68 ( ) dijet mass: 128.6 GeV
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H-> WW- > g+vy DO

e Leptonic decay channels are
promising: evev, pvuy or evuy

« Backgrounds include WW, tt,
W/Z+jets, Z/y*, QCD.

—h|

PERSTSSST

Heavy Higgs:

Br(H>WW%*)>0.9, when m_>160 GeV
Search strategy:
 Two high p leptons with large missing E

« Opening angle between leptons (A®,) is useful
discriminant

WW is dominant background.

D@ Run Il Preliminary

s DATA
B Zhy—1T

g Ziy—

B WWN—eu+x
@ QCD

Events / 0.1 rad
> o

—

Two leptons from Higgs tend to move in 10"
parallel (Small A®”) ! due to Spin Correlations A R e EEF: A el
in H N \AYAVAY/ decay products 10'2“.,55555 i :E,,.EE.[ifffif s e 2., : 3
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H->WW =2 /vy

CDF: ~ 360 pb

DO: ~ 320 pb?

m,=160GeV m,=160GeV
Expected signal 0.58+0.04 Expected signal 0.68+0.01
diboson 10.2+1.0 diboson 12.3+0.3
Other bkg 3.6+0.7 Other bkg 7.5+1.1
Total bkg 13.8+1.2 Total bkg 19.8+1.2
data 16 data 19
CDI: Run Il Preliminary °expected 15455 2004 g 3 2H4>WW(*} SV~ D@, 320 pb'-
S Db ived I 77 /////////,
C #  observed 360pb'L2005 <10 = 95% CL Limit
§ - =" o 6 :
G ° = T W @ S e Expected
z 10 © o e :;:I‘ o8 ‘—l_ —— Observed -
Iiee———nl 1 =
-] e "'--~-HE_____ L (T
$1p2 —— | ©1f 3 m
§ . E B
= i & L x
E o L - Standard Model 10E 1T} /E{W
I S T T TN T N T T S . . . . ., oo 0o,
2 110 120 130 140 150 160 170 180 190 200 100 120 140 160 180 200
8 Higgs Mass (GeV/c’) Higgs mass (GeV)
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DB WH->OWWW*2 fAvitvgq

o Associated Higgs production, WH, where Higgs decays to WW
» Very clean signature: 2 like sign e or p + 2 jets + Missing E;

DO (ee/ep/pp 384-363 pb): DO Analysis| ee| eu | uu
» 2 like-sign isolated e or p,
pT>15 GeV, veto 3 lepton Observed 1] 3 2
» Track quality cuts Total bkg 0.70 |4.32 |3.72 CDF:
(reduce charge flip) e | | - 193.5pb?
« Missing E; > 20 GeV s DO Runlli P’e"z‘yy
BaCkgl'OUﬂd g 10 g_ . ......................... ; DO
physics: WZ > ¢vid 1 ¢ - - ~ ~370pb!
) . S 1E e DQJ observed 95% C.L. limit
Instrumental: I germlophoblc Higgs
. E _ andard Model Higgs
- Charge ﬂlpS ( Z/y*% 124 ) 510_1 L —_— CtDF Run I pcrjelimiggry
- QCD or W+jets . e
102L

W . WA BT RS TR
100 120 140 160 180 200
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SM Higgs: where we stand today
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Tevatron Run Il Preliminary

- WH—evbb ZH->vvbb H—-WWslvly
., DO0:382pb™ DO: 261 pb™* DO: 299-325 pb™ WH—WWW

\ CDF: 194 pb™*

N

|

: T e—— * |
| ZH—vvbb _ ) o ]
CDF: 289 pb™* WH—lvbb Ho>WWOsivly
WHoWWW CDF: 319 pb™ CDF: 360 pb™

DO: 363-384 pb™*
SM gg—H—-ww

SM WH—Whbb

SM WH->WWW

SM ZH—Zbb

/.

September 29, 2005
| | ‘ | | | ‘ | | [ ‘ | [ | ‘ [ | | [ ‘ | [ | ‘ [ [ ‘ | |

110 120 130 140 150 160 170 180
m,, (GeV)
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Supersymmetry

e Main motivation — protect Higgs boson mass from large radiative
corrections (Hierarchy problem).
* Phenomenology — every SM particle gets a SUSY partner with

AS=1/2.
— SUSY partners have same quantum numbers, but opposite R-

parity.
o R=(-1)3B*L+25 = +1 (SM) or -1 (SUSY).

— If R-parity is conserved (RPC) -
o SUSY particles are produced in pairs.
o Lightest SUSY particle (LSP) is stable.
« Missing E; from LSP is a typical SUSY signature.

— Higgs sector required to have two Higgs doublets.

o Large number of SUSY searches in CDF and DO.
too many to describe here, can only present some of them today.
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MSSM Search: (b)bh = bbb(b)

Sample Selection:
b=y h b L - Trigger >3 jets with E;>15 GeV,
! d - Offline cut on E; of leading jets
optimised for each Higgs mass.

- 3 b-tagged jets or more
Backgrounds:

9 TEOETY—— b q b
} A bbjj, ccjj, cccc, bbec, bbbb
I " Z(bb,cc), tt

7 TEOT—— ], g b “QCD fakes” : jjjj

g oeoo——} ) b

Search for neutral Higgs in a two- ; D@ Run i Preliminary
Higgs-doublet MSSM SUSY model. 3 90 . Data
Cross-section rises as tan?3 g I —  Total bkgd.
260 pb sample of triple b-tagged AR L ¢ Higncyasi
multi-jet events. % [

No distinction between h or H and A :% ar

b, e
Feb. 14, 2006 Q.Li 2006 Aspen 00 20 300 49 W0,
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b(b)h = bbb(b)

« Expected and measured 95%
C.L. upper limits on the signal
cross section

10°;
o DO
g |
c i o ===  Expected
2 0° S, ~  Measured
BIOF e,
by E
7] 5
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w0 i
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O 10

E o N o |
m, (GeV)

* No mixing in stop sector: X, =0

X, = A, — pcotp, A, — tri-linear coupling, p =—-0.2 TeV

 The 95% C.L. upper limits on
tanp as a function of m, and
for two scenarios of MSSM
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MSSM Higgs bosons
bbo(— bb), 6 = h, H, A

L

L s
T RSB THRRE

DJ

No mixing
Max. mixing

s

Sy

80

100

e Maximal mixing: X, = V6xMg gy, Mg sy= 1 TeV

120
m, (GeV)

« With 5 fb-! of data, assuming the current performance, can probe
tanf3 values down to 20-30 depending on the mass, model
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h-> 1ttt

In MSSM at high tanf3, higgs production “
can be much larger than SM. gsﬁo

« Event signature:
— alepton, e or p, (from t decay)

— at—jet (pencil-like)

MSSM Higgs — 1t Search, Track Multiplicity
CDF Run Il Preliminary 310 pb”

i v,z - eeiup

- jet —» 1 fakes

— missing E;
* BaCkg rounds: 1 ’ ’ ! Trazk Musltinlit:itv
— 7Sttt CII.}F Run ”. Prelimir:ary, 31DI|::LT1
— WHjets, QCD (fakes) 100} I;Efagigi_&n tosncy]
— Top, diboson, Z->ee/up 10f Wi
 tau efficiency: ~ 46% 1 #‘s.{_m*”““"*‘”"“

Fake rate: ~ 1.5% for 20 GeV jet;
~ 0.1% for 100 GeV jet
0 50 100 150 200 250

m,;: invariant mass of (¢, 1, .4, £7)
m_. (GeV/c?)

vis

19
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h > 1ttt

Data: 310 pb!
Expected total background: 496+5+28+25
Observe: 487 events

Binned likelihood fit of m; (¢, Ty.q. ET)
for set limit.

W =-200 GeV, M, =200 GeV, m_.= 0.8 M,

M, ..=1TeV X =vEM max) X, =0 (no-mixing)

SUsY (rnh

SUSY

a(pp ~¢)-BR(¢ -17) (pb)

102

10

MSSM Higgs —tt Search, 95% CL Upper Limit

T rrryrrrrrrrr Ny

— Observed limit
Expected limit
I 16 band
20 band

P PP B PR N ST T SN SN W AT WY TN T N WO S T Y

100 120 140 160 180 200 220 240
m, (GeVic?)

W =+200 GeV, M, = 200 GeV, m;=0.8 M

SUSY

Mgue, = 1TeV, X, = VB Mg, (M™); My, =2 TeV, X, =0 (no-mixing)

100 100
80 80
60 60
e CDF Run Il 310 pb° =
3 o MSS.M_nggs—rr-c Search p
Preliminary
20 20
no mixing
0 0
80 100 120 140 160 180 20( 80

F m, (GeVic?)

p>0

no mixing

CDF Run Il 310 pb!

MSSM Higgs—tt Search
Preliminary

no mixing

120 140 160 180 200

m, (GeVic?)
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DS MSSM Higgs Prospects

* Projections are made for the combined reach of CDF and DO.

MSSM Higgs bosons
bbi(~> bb), o = h, H, A

70[

s | L Nomixing [
: - 7 eof
o] I Max. mixing T}

Afp! ol
12t _
[ e

17]
CDF i)

'“’-e}f!':lt.:-f.-.:‘}t-'-..f|>1 AAAAA A ARAAAAT T1?,:‘__42‘.'!'3_'.;_{'_,' DG zu_ L R
80 100 120 140 Each 120 160 200 240

m, (GeV) Combined ma (GeVic?)

1 fb-1/exp.

8 fbr1/exp.

h/A/H —TT
discovery thresholds

i . . -
K et b i i A KA R X
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MSSM Charged Higgs: t 2> H*b

M,.=120 GeV
o 1-
g 1 e BR(t>H'b) can be large, £ © sy to
: o ) . o -
3 o _ competing with the t>W*b.2 | —s
3 af Dilepton & 0.6— —t*‘ﬁ+ i
g o =120 Gevic’ e Search based on the tt cross A -
3 1' 10 102 section T ;
60, . .
R (top disappearance in lepton -
e channels). O e
& 3“;_ Lep'tot:\‘l:lJeLs 1 10 tan(P)
3 20 exactly 1 tag an
E 100 m,, =120 GeVic’ t —» H* b search CDF Run Il Preliminary
of, 1 tan;ﬁ,"“ o 160 ;uded 95 %CL m,= 175 GeV/c? [Ldt= 192"\§%160
6
‘E 5 Excluded COF Run |l
A14n/é_§ B N 140
E 3F N-‘:’.120/ E E Excluded LEP EE §1ZD
ﬁ 2;_ Lepton + Tau ‘ = / E S E & \
®  qE decaying Had. Q i g o g \
w ot ~ m,, =120 GeVic” . 91 Dn/ Zc = E %1[][]
f WU . o SR
% 8 C LEP (ALEPH, DELPHI, L3 and OPAL) i
o 6f 60— Assuming H'—tv or Hi— & only —60
& Lepton + Jets B 1 Lol 1 Lol 1 Lol L
g Zorm e 10" 10 10°
X 2:_ m,.=120 GeV/c tan(p)
?u'.i 0 e M sy =1000 GeVic®, p=-500 GeVic®, A=A, =2000 GeVic®, A,=500 GeVic? 29
tan(B) M,=0_498"M,, M, =M; =M, =M, =M;=M=M_=M;



Chargino/Neutralinos

" Higgsinos and gauginos mix->charginos/neutralinos

[

7<3_. LEP: mg > 103.5 GeV/c?

S el S A o T
v L=e, w1

W*

* Small x-section, but

o
v

| ¢ Trileptons with missing
b E. are very clean, low
| background.

=]
B
|
|
a

o
W

Ww*

Branching fraction
=]
i

» Major backgrounds:
o S  Dibosons.
2 4 & 8 1E)arl.2“ 14 16 18 20 22 R QCD (fakes).

* Top
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D& Chargino/Neutralinos

DO: 6 analyses (325 pb1)

CDF: e,u final states

Channel SM bkg Data 346 nb 1
ee + traCk OZliO 12 O p 10 Search for x#xg—mu +e/u
@ ——y R AL LS AR
e“ + track O 31+0 13 O _ Search for Y95 —> ee+l+X CDF Run Il Prelimin: § CDF RUNII Preliminary
§ _T ‘[ L dt = 346 pbd M:m=I11:“sew;“.uu?!|=esltsem’ % el ; S:E
+ track 1.75+0.57 2 S 1 et Dreien 2 f 3 Drell Yan
l"l’ l"" ’ — § c = ﬂvw’wﬂ.l;lm'm- % iDiBoson
L W Fake Leptons - - t-tbar
et + track 0.58+0.14 0 . e 10" — SUSY mSUGRA poit
_ -1
wo+track | 036013 | 1 | Jvat=sasps
up like sign 0.66+0.37 1
‘"fu 100 120 10° SN .
= s Wissing £ (56) 0 20 40 60 80 100 120 140 160 180 200
= 0.6 Search for xfxg —3l+X D@, 320 pb 7 m, ,=180 GeV; m;=100 GeV; lan=5; A =0; >0 ME, (GeV)
= L MOz)= MGE) = 2MG); Mislepton) > M) Preliminary
% 0.5 '0,.. tanp = 3, p > 0, no slepton mixing .
o P Expected Limit (n07) J
;% " ..,."“”6;,}‘@ —— Observed Limit =
i ol v Expected Limit Channel SM bkg Data
v 0.3F N —
| g ) ‘ et eel 0.17+0.05 0
S T~ T E m. 0.09:+0.03 0
: farge-rn0 =
0' | T T I | PRI Al B o s

L | | | i s
100 105 110 115 120 125 130 135 140
Chargino Mass (GeV)
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Squark/Gluino

o Squarks and gluinos are pair-produced by strong interaction
and decay into quarks and LSP.

— Signature: jets + missing E; (2, 3, or 4 jets). aeqio

— Backgrounds: W, Z, top, QCD.

Channel SM bkg Data
DO 2 jets (310 pb1) 12.845.4 12
DO 3 jets (310 pb1) 6.1+3.1 5
DO 4 jets (310 pb1) 7.1+0.9 10
CDF 3 jets (254 pb1) | 4.1+1.5 3

T T AN AN RALE RARN LARN RLRN

D@ Run Il Preliminary

Events / 20 GeV
]

feanan

CDF RunTI P

reliminary, 254 plil

Blind Box edge

500 600 700 Bor 107"l Ll

HT (GeV)
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Squark Mass (GeV/cz)
w E
=3 3

g>qqy°

D@ Run Il Preliminary L=310 pb’

(P2 T]
< = Jno msuarahJ
solution E

%
—ao e
100 200 300 400 500 600

Gluino Mass (GeV/cz)
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Events /5 GeV

 Sbottom pair production: qqébf_)%b_bxloxlo.

Scalar bottom D

_ _ o E{ > 60 GeV
E I;veEt mgnztur\e/f;cgpéanar b jets +CmD|ssmg E;. Jet E; > 40, 15 GeV
— Backgrounds: W, Z, diboson, top, .
J P, Q Ad < 165°
318 pb? SM background Data > 1b-tag (impact par.)
Before b-tag 1335+48 1433
After b-tag 38.6+2.8 36 G [poRunpretminary ]
2 | i 310 pb”
Before b-tag After b-tag @ | s/
> % D@ Run i Preliminary = 60 ﬁs*,-":
l:m -~ (
100 150 550 300 ’ Sac):alar l;:t)tom |\1ﬂ5:SS (Gzeo\.}/cz)
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GMSB SUSY yy+E-

In Gauge-Mediated SUSY the lightest neutralino decays to gravitino via X:O 2> G
 Event signature: 2 photons + missing E-.

CDF & D0 Combined result

SMbkg | Data | m +(GeV) (first of many to come)
DO (263 pb) 3.7+0.6 2 195 PRL 94, 041801 (2005)
CDF (202 pb'l) 0.3+0.1 0 167 PRD 71, 031104(R) (2005);
Comb. 209 Neutralino Mass (GeV/c’)
80 90 100 110 120
% 103__ Dg I 1 . I 1 I
: — : (0] i 1 CDF 202 pr GMSB 'Y’Y+ET =]
10°F <+ CDF Il Data (202 pb™){ © | vy data _. [ DD 263 pb M=2A, N=1, tan=15, u>0 ]
l:l Mon-Collision % 2_ """ Background with no 'g- [ —— PROSPINO NLO ]
- 10° M ey { g0} genuine missing E | o~ QCD Uncertainty
o 1 QCD - fake photon W Total background <
g 10 F D QCD - Y N e SUSY signal x10 >-I|<-
W E!>13 GeV, 1.0 =
= 10 o
@ 1 GMSB 3 : (v | [ S
w =175 GeV x10 e
10 T I — b
: 1 :_g' expected limit ~
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2" Generation Leptoquarks

e Pair production: qq =2 LQLQ =2 uuqq, B =Br(LQ->uq)

» Search channels: 2u+2j (CDF and D0); u+2j+E; (CDF); E5+2j (CDF).
e Backgrounds: Z/y*, QCD (fake)

* No evidence found.
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R-parity Violation

* R-parity violating (RPV) interactions violate B or L, but are not ruled out.
» LSP decays to SM particles (y =2 ¢*(~v).
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Signature-based searches for dileptons + X

e Look for excess above SM prediction in dilepton + X (X = photon, lepton, b-jet,
H-., Missing E;; dileptons can be same-sign or opposite-sign)
— Set cuts on first 1/3" of dataset (now, 305pb-1), apply to next part of data (coming soon)
— can be further applied to many models; e.g. heavy quarks as first example
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Summary

CDF and DO have searched for Higgs and new physics in many
different channels.

— No Higgs has been found yet.

— No evidence for new physics.

Tevatron is performing well. Delivered ~1.4 fb-1 luminosity for
each experiment so far.

— New analyses with 1 fb-* coming soon.

— Expect ~8 fb! total in Run II.

— Will be able to reach 3o evidence or 95% CL exclusion for Higgs up to
180 GeV In mass. jf nature is kind

Many additional searches not covered in this talk
— LED, new gauge bosons, stop, technicolor,...
Experiments will be upgraded 2006.

Prospects are excellent for exciting new physics results!
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