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Why Do We Expect a Higgs?

e Standard Model fermion/boson
interactions specified by
SU(2), x U(1), symmetry

o But, fermion and boson mass terms
are forbidden by same symmetry!

o Introduce pair of complex scalar - Excitations away from mimimum
fields with a particular shape, and » Physical Higgs scalar
interactions with fermions/bosons e Original interactions split

e All compatible with SU(2), x U(1)y e VEV terms - masses!

e Then break the symmetry e Interactions with physical Higgs

strength proportional to mass
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The Tevatron
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The CDF and DO detectors

y Muon systems

EM and Had

"| Calorimeters

Solenoid

Tracker

Silicon Vertex Detector
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Supersymmetry

Standard particles SUSY particles

- .29
Q @

@
Q Lirplors ' Force partches Souarks W Sleptons EI;..IE-‘H:rr.n
p:.rlu:h‘.a.

4

ﬂ? .F'—?

e -
27

Cunrks

SM particles have supersymmetric partners: differ by 1/2 unit in spin
SUSY has many attractive properties

— Cancellation of Higgs mass divergence, coupling unification, etc
— Lightest neutralino is a dark matter candidate
Requires larger Higgs sector than the single scalar of the SM

— Simplest case: Minimal Supersymmetric Standard Model (MSSM)
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Higgs in the MSSM

* |nstead of one scalar, get five:
— Three neutral: h, H, A : (generically “@’)
— Two charged: H*, H"
e Separate couplings for up-type and down-type fermions
 Properties of the Higgs sector largely determined by two parameters:
— m, : mass of pseudoscalar
— tanf3 : ratio of down-type to up-type couplings
e Typically, m, <m,<m,,andm,, ~m,
 Fortanf near 1, his SM-like and light - LEP-II limits apply
e Larger tanf3 shows more interesting behavior
— A becomes degenerate with h or H (mass, couplings, etc)
— Other decouples, SM-like, mass around 120 GeV
— A+ h/H production controlled by tan[3
 |Inthe Standard Model, Higgs cross section is fixed — no free parameters
* In MSSM, production of A/h/H depends on tan[3 — range of possibility
— For the right value of tan[3, could already have discovery potential
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Higgs at High tan[3

Processes involving bottom quarks b
(down-type) enhanced by tan?[3 (po

Boost from femtobarns to picobarns b . —_— -

Could be observable at Tevatron!

210’} SM

_ gg+bb->H

100 200 300 400 100 200 300 400
My, (GeV) M., (GeV)
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Higgs at High tan[3

300 T T T T T
e Neutral sector
250 /////// ) simplifies at high tan3
§200 _ H - « Aandh/H become
9 / T degenerate
150 | tanp=20 - « Other scalar SM-like,
s P o 50 low cross section
= 100 | - f/;:;:____ 16_______
50 | // b=z 1« Only need to search for
| a single mass peak (¢)
0 I

0 50 100 B0 200 250 300
my (GeV/c?)

e For the A and its twin h/H, at high tan[3 decays into bb (90%)
and 1t (10%) dominate
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MSSM Higgs Search Channels

@ = h/H/A —

 Inclusive production
— Only tt decays (bb backgrounds too large)

« Associated production

— Additional b-quarks suppress QCD backgrounds
— Searches in 11 and bb decays
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Inclusive H = 11

« Require at least one tau to > (a).lv"L DG, 5.4 fb™ (uv,)
decay leptonically (here , ‘g 100 & ool D
also e) T - ‘r-'—‘a-i === Multijet
 Second tau can decay 2 10e T E —
leptonically or hadronically Q FH Ly o #(120)~>r, =50pb
— Only ey, not ee or pu "ol g +
« Impossible to fully 1 ,
reconstruct Higgs mass due e
to multiple neutrinos L EA PRI IR W

~50 100 150 200 350 300 350 400
« Use ‘visible mass’ treating Visible Mass (GeV)
MET as massless
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- DO, 5.4 fb’
. o (o e Expected
« No significant excess 10 — Observed
a ‘ Expected +1s.d.
observed up to 300 GeV/c? : Expected +2 s.d.

e arXiv:1106.4555 (submitted
to PLB)

Cross section x Br 95% CL (pb)
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Assoclated Production
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e Search for the bb@process
* Less cross section when requiring both b’s to be high-p;
 Look for the Higgs + 1b case

T. Wright SUSY 8/29/2011 11



ldentifying b jets

s|ifetimes for b hadrons are ~1012s
stravel a finite distance in the detector

Jet
~ 500 um

Displaced tracks

»
Decay lifetime 0"'
Y Lxy // --ﬁecondary vertex
/

Primary vertex " /

. 7
; Z
; do> v

Prompt tracks
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MSSM Higgs in b@ - b1t

Combines the high purity of the Tt
decay mode with the background
suppression of associated production

Require one T to decay into a muon
and the other hadronically

At least one b-tagged jet

Similar mass reconstruction
techniques as inclusive ditau search

Recoil against b-jet allows projection
along 1 axes, better signal
discrimination — here reflected in a
multivariate discriminant

arXiv: 1106.4885 (submitted to PRL)
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MSSM Higgs in b - bbb

« For b-bbar Higgs decays, signal is three b-tagged jets
« Search for a resonance in two of them

«CDF — two leading, Do — jet pair chosen event-by-event

o
=

Signal Templates E Dg
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Combined detector acceptance and ID efficiency is about 1 % for both experiments.
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MSSM Higgs in b - bbb

« Require three or more jets, at least " a) 3 jet DD, 5.2 fb

S1 600: | 5w_mass likelihood
three b-tagged S 1400- 5
§1zooj——|—nz Data ;
 Kinematic likelihood to separate 1000/ gmm Hoave Travor |
signal/background and also to 800 ---- Higgs (120 GeV) ;
choose which jet pair is the most 600
likely Higgs candidate 400
« Search in the mass of the most likely =~ 29°
jet pair % 0.10.20.30.40.50.6 0.7 0.8 0.9 1
D
o = DS , 5.2 fb'
« Backgrounds are derived from = i a3jer
double-tagged data £ eoo0| —— Do Data
. . . 132 = —— Backgroun
— Fake tags (i.e. bb + light jet) jgg; BN Heavy flavor
— True HF (bbb, bbc, bee, etc) soof-
o Correct using triple/double-tag ratio =~ 200
from ALPGEN HF samples i L
100 '
« Phys.Lett.B698:97-104, 2011 °—+T+++ + +++++ e

50 100 150 200 250 300 350 400
M, [GeV]
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fraction/(D.2 GeV/c?)

MSSM Higgs in b = bbb

CDF uses double-tagged events with
simulated third tag under various
flavor hypotheses

Use properties of b-tags to fit
background normalizations
Compare fits without/with Higgs
signal templates

arXiv: 1106.4782 (submitted to PRD)

CDF Run Il Preliminary
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MSSM Higgs Search Results

o(PP—+b,,)xBR(¢—bb) (pb)

No significant excess observed
in the b channels

Each experiment sees a <20
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MSSM Interpretation

« Previous limits apply only for resonances much narrower than the
experimental resolution

— SM Higgs, new scalars, etc
« MSSM Higgs in high-tan[3 scenarios are not generally narrow
o Attreelevel, 0 x BR = 204,tan?3 x 90% (10% for 11)

« To extract limits on tan3 uncertainties on cross section and Higgs width should
be taken into account.

« Higgs properties are largely, but not completely, determined by m, and tanf3

« Loop corrections introduce dependence on other SUSY parameters
— M. Carena et al., Eur.Phys.J. C45 (2006) 797-814 (hep-ph/0511023)

« Important to specify which benchmark scenario is being used
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MSSM Results

Inclusive 11
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b - bbb
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MSSM Combinations

e Left — Tevatron combination of CDF and Do inclusive ditau results
(only up to 2.2 fb-1)
« Right — Do combination of b1t and bbb channels

« Combination of CDF and Do bbb results is in progress

. QL
%100 u Tevatron Run Il Preliminary, L= 1.8-2.2 fb™ %
L 90 m,, max, u=-200 GeV 4

80 Z‘ 11117 Excluded by LEP
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20F
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Doubly-Charged Higgs

. . . . . > frrrrr T e T T
« Possible in models like Little Higgs 3 4-@bo,L=701"
and L-R symmetry o — Data
B - = D=
« Pair-produced H**H~ 5 3 — B,.=1
= - B..=B, =B
« Some models favor 11 decays, others S M 120 GoV
. > C .
have ~equal BR’s into py, ut, 1T w o - Diboson
. : — 1T
First search for the 1T decay mode 9o = Q. F |= B Z-
11 12 ¢ il B Other
1c T
Base event selection: at least one F_ |‘_I=-
muon and two hadronic T candidates o 50 100 50200 250
ATl Ny =1 Na=1 Np=2 M (t7,) [GeV]
F _'T“—I -f“_.- -",u—lb >10_||||||||||||||||||||||||
Ny =2 N,=3 N,—=2 D | _ A
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T. Wright SUSY 8/29/2011 21



Doubly-Charged Higgs

e Cross section limits for various BR =
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Fermiophobic Higgs

| H — yy MC Resolution for M, = 120 GeV/c?

« Low-mass Higgs in these models

. "© 9000
wouldn’t appear in b-bbar searches 3 ool
« Search instead in diphoton decays 3 700F  Central - Central
£ - Mean: 120.0 GeV/c
w G“"“E_ Sigma: 3.0 GeV/c’
« Production is W/ZH and VBF -3
. . 4000
No inclusive gg->H because no s000E-
coupling to quark loop 2000F-
1000§—CDF Run Il Preliminary
L] Signal iS narrow (~3% I'eSOlution) %; I I7|0I - IBIOI - I9|0I - 1!|]0 11I]I - ‘II2|0| - ‘Il3l] I 1;0 - 1%20
M,, (GeVic’)
. I'!—>- vy CDF Run Il Preliminary, 7.0 fb™
« Model the background using a o | opson ot
- . il
sideband fit 8l
i Split Sample by diphOtOn SYStem pT 10'253' 80100 120 140 160 180 20:.1 '('Ezov‘fzﬁf;o
to enhance sensitivity s
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:.En;ﬁ Hﬂmﬂﬂnﬂﬂﬂnmﬁﬂﬂﬁmnﬂﬂr
g F I
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Fermiophobic Higgs

« Do combines the diphoton mass and p; and a few other variables (3@, py,, pr,) in a BDT
discriminant

« Fake photon backgrounds derived from data

Direct diphoton background modeled by SHERPA, with floating normalization in the

BDT fit
arXiv:1107.4587 (submitted to PRL)
= 10°F D@, 8.2 b S [ D@,82fb"
N + Dat 6L
> 10°¢ (b) At & 1% (b)  +pata
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s v — ee i Mjet+jet
8. 105? —signalx50 §MH=115 GeV -g 104?_._| Z/v*— ee
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g 10 o - -.— i
> 2 o — -
m 10 10%¢
10 103_
1
1071 B oo Ly gy b g |y Fopegey PETET 1'...1..11...|...I.H|...|...|...1...|...
60 80 100 120 140 160 180 200 -1 -08-06-04-02 0 0.2 04 0.6 08 1
M,, (GeV) BDT output
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Fermiophobic Higgs Limits

« No significant excess observed by either experiment

« Exclude fermiophobic Higgs masses up to 113-114 GeV/c?

« Combination of CDF/Do in progress

Fermiophobich — y vy (7.0 fb™)
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Dark Sector Decays

One of several ways to hide a light
Higgs from the LEP limits

— Decays through neutralinos and
dark sector “photons”

— Falkowski et al arXiv:1002.2952

Search for W/Z+H production, final
state containing many soft leptons

Exclude this particular benchmark
scenario at 99.7% CL
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 Tevatron experiments are pursuing a wide-ranging search
program for non-SM Higgs

e MSSM and other “exotic” models
e Results continue to update with new data

* No evidence yet but still more data to analyze

 For more, see these parallel session talks
e Parallel session 4 (Mon PM)

e Tevatron searches for charged and doubly-charged Higgs - Z. Hubacek
e Tevatron combination of fermiophobic Higgs searches - G. Chen

e Parallel session 8 (Thurs AM)
e SUSY Higgs in bbb final state — TW
e SUSY H-->tau tau and b tau tau and combination of DO SUSY Higgs — J. Haley
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