Higgs Searches at Tevatron/CDF

Kazuhiro Yamamoto
(Osaka City University)
for
CDF Il Collaboration

YITP Workshop on Physics at High Energy Frontier
Mar. 17 - 18, 2003

Introduction
SM Higgs at Tevatron/CDF
MSSM Higgs at Tevatron/CDF
Run | Results
Run Il Studies and Prospects
Summary



YITP Workshop on Physics at High Energy Frontier, Mar. 17 - 18, 2003

The Standard Model and the Higgs Boson

Extreme success of SM
o consistent with all the data

Higgs boson
e last missing brick in the SM
* indispensable for
{- generating masses of particles
* keeping the theory renormalizable
at EW scale

Direct searches for the SM Higgs
My > 114.4 GeV/c? (95% C.L.)
(LEP HiggsWG, Jul. 2002)
EW global fit
My <211 GeV/c? (95% C.L.)
(LEP EWWG, Mar. 2003)
Tevatron contributed to M; and My
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SM Higgs Production at Tevatron

(hep-ph/9810289)
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pp collision, /s = 2TeV
Gluon fusion
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Vector-boson associated production
qq'— Wh :0.16 pb (M) = 120 GeV/c?)
qq — Zh :0.10 pb (M), = 120 GeV/c?)
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Huge QCD background
» need triggering on high-p; leptons
from W/Z's or h's
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SM Higgs Decay Branching Fraction

Low mass Higgs ( < 130GeV/c?)

1 (hep-ph/9810289) e bb is dominant = reconstruction of 25 jets
F ' ' bb | ?VW\ e gg — h — bb swamps in QCD background
| Standard Model |  Vh production is promising
"BR(H,,,) _ =
: qq' —> Wh — {vbb

10-1_— 'c+1:_ E qq—) Zh —> €+€_bl;, VVb[;

L / L, ]

High mass Higgs (130GeV/c2 ~ 190GeV/c?)
* WW is dominant = multi-lepton signature

gqg —> h —> WW* - {0~
80 100 120 140 160 180 200 qq' — Wh — (YW W™ — (vl*vjj
M [GeV] qF — Zh — COFWW* — (0¥ (Fvjj
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Overview of Run I Searches for SM Higgs

e SM Higgs was searched for in pp — V4 followed by / — bb

Wh — (vbb
Expect :
34 £+ 5 (single tag)
3.8 £ 0.7 (double tag)
Observe :
36 (single tag)
6 (double tag)

Zh — (*0-bb
Expect: 4.0+ 1.0
Observe : 5

Events/(10 GeV/c?)

Events / (10 GeV)
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CDF Preliminary (109 pb™)
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Overview of Run I searches for SM Higgs (2)

* No significant excess was observed CDF PRELIMINARY Run 1

"2 95% C.L. upper limits.
-1 - = e, . ]
channel _[Ldt (pb') | b-tag Observed | Background .%\ ..................... Tbb
*0bb 106 + 4 single 5| 40%£1.0 2 F~=<i_: o -: 5 l-ab_‘ ........... S
- single 40 43 +5 am a q-bl-; --------
bb 87 £ 4 =
W double 4] 49206 | & .
- ing] 6| 34xs5 | VH combined _
tvbb 106+4 (——5° = = :
double 6| 3.8+07 =
A >
qq"bb 87 £4 double 589 | 594+ 30 2 .
. n
N " B
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e Combined results of all V4 (h — bb) channels

B SM pred My,
oy B(h— bb) <7.8 pb  (0.30 pb) 110GeV/c? Standard Mods
<7.4pb (0.12pb) 130GeV/c? ol s
(95% C.L.) 90 100 110 120 130

Higgs Mass (GeV/cz)

Much more statistics in Run Il : 2 fb-? (Run lla), ~10 fb™! (Run llb)
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- Run II Studies - Jet Energy Resolution

Crucial for Mj; reconstruction (Mpp, Mw)

New algorithms to improve resolution in jet energy
by using tracks and shower max detector information

Jet energy resolution improves by ~30%

oy/Mpp improves by ~40%

Z —> bb CDF PRELIMINARY
s

N
N

-
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L 50F = 1
Photon + Jet P; Balancing in CDF Data E i § 100 H»‘ + Observed events
[ 2 w0k Predicted bgr.
® Typical CDF Jet Resolution using ot 40 5 )
Calorimetry only 5 I ® 60 | + ‘
A New CDF Jet Algorithm Using Tracking, & I +
Calorimetry and Shower Max Detectors fé—’ 30 - or
o I
0 I

0/E =109 %/VE

e Excess over background
— Expected MC shape (PYTHIA)

D00 [
Photon P, (GeV) 0 20 40 60 80 100 120 140 160 180 200
Dijet Invariant Mass (GeV/c?)
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- Run II Studies - b-jet Identification

|dentification of h-jets (b-tagging) is
indispensable for the Higgs search
* b collection for # — bb

* {t suppression for h — WW

Algorithms in CDF

e Secondary vertex tagging
g(Run 1) ~50%

e Soft lepton tagging
e(Run 1) ~20%

* Jet probability tagging
e(Run 1) ~45%

New silicon detectors

e b-tagging region |n| <2

» 3D tracking reduces mistags
e need good alignment

Expected Run Il € ~ 60 - 65%
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- Run II Studies -
Lepton Acceptance

Leptons in Run |
electrons : |n| < 1.35, muons : |n|<1.0

Leptons in Run |l

silicon detectors

plug calorimeters

forward muon detectors

electrons : [n| < 2.0, muons : |n| < 1.5

'New{

* Increased coverage by 40~50%

* Quality of forward electrons and muons
Is being improved

Events/4 GeV
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Run II Searches for SM Higgs

Same search modes as Run | in the low-mass region
Run Il sensitivity reaches the high-mass region

* M, <130 GeV/c? * Mj > 130 GeV/c?

Wh — (vbb ~ gg = h— WW* = (t-vv
BKG : WZ, Whb, tt, single t, QCD BKG : WW, WZ,7ZZ, tt, ttt~

Zh — vbb Wh — WW'W* — (tvitvjj
Most sensitive in Run | Zh — ZW'W* — (HF(tvjj
BKG : ZZ, WZ, Zbb, Wbb, single t, QCD Like-sign dilepton

7h s 0+0-bh ) BKG WV/IZ f%t!VW, tt, VVV, Vtt,
BKG : ZZ, Zbb, tt, single ¢ ]

Vh — qq'"bb

Every leading BKG has >10 times larger

Largest branching ratio o-Br than the Higgs signal

Huge QCD BKG T
Need careful optimization

= S§/\JB~0.5 (Run Il studies)
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Run II Searches for SM Higgs (2)

combined CDF /DO thresholds

LEP excluded ]
_30 fb™! 2 fp-1 -

exclude M; = 115 GeV/c?,
{10 fb™ if not there
5 fb1:
Iy oo 3o signal for M, = 115 GeV/c?
.- L
— 50 discovery ! 3o signal for M, =115 ~ 125,

80 100 120 140 160 180 200 155 ~ 175 GeV/e?
Higgs mass (GeV/c?)

* Sensitivity reevaluation in progress using fine-tuned full detector simulation
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Run II Searches for SM Higgs (3)

Vs = 1.96TeV
o(W), a(Z) ~ 10% higher
o(t7) ~ 30% higher

With 2 fb-1  (Run 2a)

AMw ~ 30 MeV/c?
AM; < 3 GeV/c?

= A(log M}) ~ log 2
(1/2 My < My, < 2 Mp)
With 10 fb™

AMw ~ 20 MeV/c?
AM; <2 GeV/c?

= A(log M) ~log 1.3

M,, (GeV/c?)

80.6
LEP2 + Tevatron Run-I Q
80.5 - (LEP EWWG, M_a_ur 2003) AD
RUN-IIa Tl |
80.4 ‘3““ |
[ LEP1+SLD ‘@“
80.3
[ )
80.2 | Tl
: \Ge‘q
I &g%s
80.1 - P
L A2
- il | | Mw Mm contours 68% CL
130 140 150 160 170 180 190 200
(GeV/c )
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MSSM Higgs Searches

Two Higgs doublets provide

(hep-ph/0010338)
* Two neutral CP-even : /, i R80
e One neutral CP-odd : 4 | maximal mixing
. oy . | u = —200 GeV
e Two charged : H*, H n Mgyey = 1 TeV
= _
. (\3 200 30
Phenomenology as a function of .
tanf (= v,/vg) and My s
s 150 s —
Tree level mass relations T e o ;
Mp <My T T ]
Mh < M|C082B| < MZ < MH 100 — /_// /_,.—" -------- tan g = 3 _|
(M: min(M29 MA)) _'/'ll '/I—/‘T 1 1 1 | 1 I | I I I ]
j\lHJr > MW 100 150 200 250
T . . GeV
Radiative correction gives ma (GeV)

My, < 135 GeV/c?

Latest LEP limit (95% C.L.)

My >91.0 GeV/c?, M4>91.9 GeV/c?, tanf3 < 0.5 or tan3 > 2.4 (hep-ex/0107030)
Mp+>T78.6 GeV/c? (hep-ex/0107031)
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MSSM Higgs Production - Neutral Sector -

G(PP — ¢ T X) Pb \/S = 2T€V (hep-ph0010338)
A

* Small tanf3 :

e ¢ 's (= h/H/A) have o of the similar

magnitude to the SM Higgs for

99 —> ¢
qq" — W, $Z

° Large tanp :
e ¢/ and ¢Z are suppressed.
* Some processes:
99 —> ¢ _
99, 94" —> ¢bb
enhance o by ~ (1/cosp)? ~ (tanp)?

102

10

Mt = 175 GeV
CTEQ4
tanf = 6

gg—H

~eel
=<3

.....

M; = 175 GeV
CTEQ4 ]

S IIZ Hqq

My [GeV]

gg,qi—)Abﬁ el

M; =175 GeV

CTEQ4

tan} =6
gg—hgy

M, [GeV]
A Mt=175 GeV
CTEQ4

gg.q3—>Abb

tanf} = 30

90 160 180“200

700

120 140 160 180 200
M, [GeV]
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MSSM Higgs Production - Charged Sector -

° Mg+ < M;— My
e t - H*b dominates
e compete with t > Wb

e large branching fraction at
large tanf and very small tanf3

—~1.0
o]

¥
I
A

708}

m

09+

0.7 1%

0.6

05F
04F
0.3F
0.2\

————  my+= 110 GeV/c?
................ my+ = 120 GeV/c2
,,,,,,,, my+ = 140 GeV/c?
e myp+ = 160 GeV/c?

01F

0.0

* Mp+> M — Mp
e radiation off a 3rd generation quark
pp — thH*

« small cross section

o (pb)

10 —

10

10

10

(hep-ph/0010338)

| G(D)XBR,(t—H b)

pp—>tbH
VS=2 TeV
tanf=50
m,=2.5-5 GeV

——- Tree level ]
One-lop QCD corr.

80 100 120 140 160

180 200 220 240 260 280 300

> M, (GeV)

My > My — My
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MSSM Higgs Decays

h h/0010338
* Neutral sector (h/H/A) | — | e ? e )
* bb and tt are dominant BRWVE) , [ b BRVH) |
in a wide mass range RO wwh e N L e
$ — bb : 90% ‘ — gﬁ
d»—>11:10 % s
107} 102}
" h H
» Charged sector (HY) 7 T\ N O «  nd
« v dominates for e a1 e
Mpy= < 200 GeV/c? My [GeV]
* tb for Mg+ > 200 GeV/c? 1 | 1

1:

"BR(A) bb "BR(A) bb R )
tanB 6 ] [ tanf} = 30 L I tanp = 30
° Run ” SearCh 0Lt . 10'L T 107" 10", thf
°gg—> ¢ —>11 I 21 | E : ; ]
J— _— — - A - - - L C 4
e gg, qq — Obb — bbbb 107k i 107k ; 10‘2_ 10‘25— s S
o t—>Hb—>1vb : S R | T ]
10'3:\.~"Ig~g. ..: | 10'3- T-I\\"‘u , 10'3 ) 10'3- ............
100 200 100 200 100 125 150 175 200 100 125 150 175 200
M, [GeV] M, [GeV] Mt [GeV] Mg [GeV]

T detection is important
as well as b-tagging
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T detection at CDF

» 1 decay : collimated decay products

W — tv candidates in Run Il

W — 1 v : number of tracks, associated with the t candidate

250
" CDF Run II Preliminary, I L~15pb”
200
i —+-Data
- | L IW > 1wV
150__ | /TR
B Woev
i + Wmzosr1r
- Il QCD
100
T decay i ,
B 1
« 1 triggers in CDF Run Il o
e lepton + track 0 L

o
-
N
w
»
o

_ 6 7 8 9 10
L d|'T number of tracks



YITP Workshop on Physics at High Energy Frontier, Mar. 17 - 18, 2003

Run I Results - Neutral MSSM Higgs -

« 100 .
- 99, 97 — dbb — bbbb E e
90 ,
' ' T e "
b |
Mb mb %—5 70 ]
q b . “0000° b
60 .
* 4 high-E7 jets required (E7> 15 GeV) 50 .
» >=3 ph-tagged jets required 40 ¢ —— Maximal Stop Mixing .

------ No Mixing

Backgrounds : QCD, t7, W/Z + jets 30 |

No excess was observed zo
(Observed : 5, Expected : 4.6 £+ 1.4
for My = 70 GeV/c?)

10

. \\ MR

100 125 150 175 200 225 250 275 300
m, (GeV/c?)

Phys. Rev. Lett. 86 (2001) 4472.
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Run I Results - Charged MSSM Higgs -

o t—> HD

* Direct search
pp —> tt— H'bW b — (tv)b(Ev/jj)b
— H*bH™b — (tv)b(TV)b
signature : t, bj X + Er
Thtp+ Er
No excess was observed

* |Indirect search

H" > c¢5 (tanf <1)
H" — tv (tanf} > 50)

M(H*) (GeV/c?)

200
180
160
140
120
100

CDF Preliminary
t — H'b searches Excluded 95% C.L.
2 JLdt=0.1fb" /
3 M; =175 GeV
- o t Indirect search {/‘:
[ 2 === CDF (6 = 5.0 pb) o
[~ O _ O 7
- mmm DO (G =5.5pb) R .
Ly . 0
o Direct search R <
ot B coF (5 =5.0pb) K 5
% . 3

0.1

Looked for deviation of Br(¢) from the SM decay
Br(t) was consistent with Br(t —» Wb) = 1.0

100
tang
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MSSM Higgs Projections for Run I 4wb > ied

2 0.1 fb™
2 140__ ELEP 2 fb!
Studied the same search modes as Run | L jexcluded o
* neutral : ¢pb — bbbb o
10 fo1 My < 175 GeV/c? (95% C.L.) [tanp = 30] °F
< 130 GeV/c? (5¢ discovery) [tanf = 30] o
e charged : t - H™b — (tv/cs/Wbb)b sof
direct and indirect 2o O
10 fo1 Mpy+ < 140 GeV/c? (95% C.L.) [tanp = 30] ok 1(.)0260350
M, (GeV/c?)
E:160 NoX
. 80 0.1 fb™
100 i : C 1 b
60 2 fb™
80 | ok 5 b
60 2ot 50 Discovery Contours

100 200 300

M, (GeV/c?)
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MSSM Higgs Projection for Run II (2)

* Applying the SM Higgs results to the MSSM
pp— Vo — Vbb (V=W, Z)
Constraints on the MSSM parameter space

95% C.L. exclusion contours 5o discovery contours
r1fb' pm2f! mm 5" mm10b’ —15fb" mm10fb! mm 20 fb' mm 30 fb’

30
= <

100 150 200 250 300 350 400 100 150 200 250 300 350 400
M, (GeV) M, (GeV)

Maximal 7-mixing case
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Summary

Tevatron Run |

* We learned a lot to search for the Higgs at a hadron collider.
Measures of analysis, backgrounds, . . .

= Constraints on the SM and MSSM Higgs bosons

Tevatron Run i

* Higgs search potential has significantly increased by both
the accelerator upgrade and the detector upgrade.

* We are accumulating pp collision data.
Calibrations are ongoing, data quality is improving,
analysis tools are being brushed up, . ..

* We can explore the large space of the Higgs (SM and MSSM)
with 2fb-1 in Run lla and ~10fb-1 in Run llb.



