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== CDF and D@ experiments

e Both detectors extensively upgraded for Run lla
- New silicon vertex detector
_ New track‘ing System Forward Mini-drift !Central Scintillator! |F0rward Scintillatur|

- Upgraded i chambers e T
N = /S
Gy | | = | :

]
1.:.1
1

LS elding Il

New Solenoid, Tracking System
Si, SciFi,Preshowers

‘ + New Electronics, Trig, DAQ

e DO

- New solenoid & preshowers

- Run llb: New inner layer in SMT
e CDF: New plug calorimeter & ToF & L1 trigger
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e Introduction

e Minimal Supersymmetric Standard Model

(MSSM)

- Introduction
« Analysis Tools

- Neutral Higgs bosons (¢) searches
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 Fermiophobic Higgs

e Prospects & Conclusions

Imperial College
London

Tim Scanlon — SUSYO07




ﬂiggs bosons in the MSSM

e MSSM has 2 Higgs doublets

- H, (Hy) couple to up- (down-) type fermions
- After EWSB 5 Higgs particles : h, H, A, H*, H’
e h has to be light: m, < ~140 GeV

- At tree level, 2 independent parameters: m, and tanf
o tanf: Ratio of VEV’s = < H>/< Hy>

e At large tan f3:

- Coupling of A, h/H to down-type fermions, e.g. b-quark, enhanced
wrt SM

— production amplitude ~tanf3 — production cross section ~tan?3

- h/H & A (denoted by ¢) ~degenerate in mass — further increase in
cross-section

e For low & intermediate masses
- Br (¢ — bb) ~90%, Br (¢ — TT) ~10%
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» Signatures
- Higgs decays to 2 1’s
- Further decays of 1’s
define final states

- Higgs decays to 2 high
prb-jets/2 1’s

- 1 or 2 associated b-
quarks

e Good b-jet and t
identification vital

b g
> .......... O > ........... O
b g vy

g Co00—»— b

b

9
bd — 3b/btr

g OO0 Y—— b q b
—————— h >mmn<’h
G OO —— b

bb¢ — 4b/bbtt

Similar overall sensitivities — Combine
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e MSSM Higgs — bb ~90% of time

- Improves S/B by > 10

e Use lifetime information

- Correct for MC/data differences (Signed) Track \
« Measured at given operating points  Impact Parameter (dca) / \ Decay

Vertex Tagging
(transverse plane)

Hard Scatter Lengh (L,,)

CDF: Secondary vertex reconstruction D@: Neural Net tagger

Neural Net - improves purity

Secondary vertex & dca based inputs,

Inputs: track multiplicity, p;, vertex derived from basic b-tagging tools

decay length, mass, fit

High efficiency, purity

Loose = 50% eff, 1.5 % mis-tag Loose = 70% eff, 4.5% mis-tag
Tight = 40% eff, 0.5 % mis-tag Tight = 50% eff, 0.5% mis-tag
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e« CDF: Isolation based

tracks, ns

tau cone

isolation
cone

e Require 1 or 3 tracks, py > 1 GeVin
the isolation cone

- For 3 tracks total charge must be +1
pr"d > 15 (20) GeV for 1 (3) prongs
- mhad < 1,8 (2.2) GeV
e Reject electrons via E/p cut
o Validated via W/Z measurements

e Performance
- Efficiency ~ 40-50%
- Jet to t fake rate ~0.001-0.005

Imperial College
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e D@: 3 NN’s for each 1 type
- Validated via Z’s

D= Run I Preliminary i i
ok Type 1 —,:.::,.J'J Tonv
[s] 0:5 l'rl-n-d’_r_rl_
_ NN
(R 22 W)
107 Tynsjen“?:‘ "Pm'i_mi-:-l:::? Ti%ninini(nO)D
| | TauType| 1 2 3
Reconstruction
Jets 15 10 38
Taus 0.1 50 20
NN>09
Jets | 004 02 08
Eff Taus 5.8 37 13
9
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= Neutral MSSM HIggS — T/ Thaas w

e Main bkgs.: Z—1r (irreducible), multi-jet, W+jets, Z — uu, ee, di-boson

NN, summed over all Types 1601t
Wz

P -1 IlQCD
DY Preliminary, 1.0 b Wospy

. . W Z—-pp
SUSY Higgs signal ggw ..,

S

e D@ (u channel only):
- Only 1 isolated u separated from
hadronic t with opposite sign
- my, < 20 GeV removes most of

Di-Boson
it

remaining W+jets bkg. 10
- Optimized NNs to separate signal
from bkg. ;

e CDF (u, e, e+u channels)
- Isolated e or u separated from hadronic t with opposite sign
- Multi-jet background suppression: |p |+|p™ |+| E [>55 GeV

- Cut on relative directions of the visible T decay products and missing E;
removes W+jets bkg.

Imperial College

London Tim Scanlon — SUSYO07 10



e CDF: Cross-section limits - derived from m,,.. distribution

Vis

- Observed limits weaker than expected due to an excess in data sample, but
significance < 26 once all search channels & windows considered

. - 0
- T reliminary, 1. !
et, Ut = H D2 Prel hfﬂ:.:og e
100} W Zp-w D 107 moch
i M other EW, tt - -;V—:ﬁlv
I jet fake C -le |
10¢ —— M, =160 GeV i f
i 10=
il z ik | i
' |CDF Run Il 1 fb-1“ I
MSSM ¢—tt Search 1
0.1 IPreliminary ;
0 50 100 150 200 250 300 0 50 ‘1:';0‘ - ‘15|o' 200 250
myis (GeV) Visible Mass (GeV)

o D@: Cross-section limits - derived from NNs for the different 1 types
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e

*_i'i?fﬁ'eutral MSSM Higgs — T,Ty,.4

e Proceed to set limits
e O XBr(¢p—-11)

~45
'g_ D@ Preliminary, 1.0 fb
— 1005 — ;"‘:40 Observed Limit
"é 5 CDF Runll 1 fb1 gss Expected Limit
= MSSM Higgs—1t Search }; I Expected Limit, + 1o
EF 10 Preliminary x 30| ——— CDF 1.0 fb"! Expected Limit
s =
% — Observed 525
- L
T 4| — Expected §2°_
? t @ 1c band .
Q. [ 20 band ;
% b 95% CL upper limits 10§
0.1 A P B R E
100 150 200 250 5F
mg (GeV) E o

100 120 140 160 180 200
Higgs Mass (GeV)
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e« MSSM parameter space

mieX, |1 > 0

Use no-mixing & m, ™ benchmark scenarios
90 < m, < 200 GeV,
tanf3 > 40 - 60 excluded

No-mixing, 1> 0

100 120 140 160 180 200
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-éutral MSSM Higgs — T,Ty,.4

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

sUsY

SUSY

=1TeV, X, = NG My ey (M) M., =2 TeV, X, =0 (no-mixing)

o
s S
8 expected a0 Mixing
Mk
. CDFRun Il 1 fb-1
M
no mixing MSSM ¢—1t Search
Preliminary

030 100

120 140 160
m, (GeVi/c?)

180

b =-200 GeV, M, =200 GeV, m;=0.8M
=1TeV, X, = VB M, (m,™),

SUSY

M

SLISY

X, =0 (no-mixing)
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MSSM ¢—1t Search
Preliminary
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e Limits in MSSM parameter space

- Use no-mixing & m, M2 benchmark scenarios
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——— Expected 286 pb ' (u>0)
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_utral MSSM Higgs — bb + b[b]

° D@ |CHEP ‘06 80 DO Run IT Preliminary
« >3 b-tagged jets: p;> 40, 25, 15 GeV :zz v
- Invariant mass of 2 leading jets peaks L
at Higgs mass SﬂﬂE signal (mA=120, tanf3=60
400 e Rt e bckg from data+signal
« Backgrounds from data izz Events with 23~
- Shape estimated from double-tagged ¢ %_mb'tagged Jets
di-jet mass spectrum N L T T v o OSO O
. L , 050 100 150 200 250 300 350 400 450 300
- Rate normalized outside signal window Inv. mass of leading jets (GeV)
. D@ Run II Preliminary
o Agreement between data & predicted 2 e
background — set upper limits g e 0000 SLIMIts |7 Observed
g PP E 0.9 fb?! — Expected
e Preliminary analysis being optimized g \
- New version this summer ok —

I BT EPEFEE PP BN AT BN
100 110 120 130 140 150 160 170
mH (GeV)
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e Introduction

e Minimal Supersymmetric Standard Model (MSSM)

- Introduction
» b-jet Identification
e 7 ldentification

- Neutral Higgs bosons (¢) searches
o — 1T
¢ — bt
bo — bbb

e Fermiophobic Higgs

e Prospects & Conclusions

Imperial College
Lngdnn J Tim Scanlon — SUSY07 17



e Some extensions of SM: coupling of Higgs to fermions suppressed
- Searches previously carried out at LEP and Tevatron

e Search channel (2 Higgs Doublet Model):
pp—>hH" = hhW" — W(7)+ X

|_Observed 3y+X Events and Expected SM Background | 7. 0,026:0.003

¥ Wyj: 0.046+0.005

o _— : ,
o Backgrounds 3 WE DO Run 2a Preliminary, 0.83 fb ¢ 0CD:072:0.5
. . V] - . ® Data:5
- Direct 3y production (DTP) e Fip¥ Lell | 1
. . e pe a 'E T AA R i T
- Jets or electrons misidentified as y § FfLeo"to 4
. - 4 ) A
- Estimated from data Hiotee S
- ¥ A 4 v t & A
107 v T Y.y ¥ s TS L.
e Cuts 10_3; Ty 7 4 L
. - ‘ £
- 3ywith |n|<1.1, E;"%3> 30, 20, 15 GeV : vé
- Hy 3y) > 25GeV 104 g 65050100 126 T4o 760 780
m, ., GeV/c?

» Rejects 3-particle events b

e 0 events seen for 1.1 expected
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e« No excess, set limits:
- 95% CL limit: o(hHz) < 25.3fb

e Exclusion on mass of hfor different charged Higgs masses (m ) &
tanf

DZ Run 2a Preliminary, 0.83 fb™ DJ Run 2a Preliminary, 0.83 fb™

]

g p= tanf3=3 S \ tanf}=30

> 102 102

g g '°- ....

X X

5 g i _‘

g ) g - - my=150 GeV *
% . % R ... m =200 GeV
o 1 4o 1 ﬁ

10 20 30 40 50 60 70 80 90 10 20 30 40 50 60 70 80 90
mhf[GeV] m,,.[GeV]
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e Introduction

e Neutral SUSY Higgs

e Prospects and
Conclusions
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o 15t results from 1fb-' show promising sensitivity
- 2.5 fb'' data available
- Many algorithmic/analysis improvements

1st combination - low statistics

e Short term (this summer) 100

90 |J<D ]
- New b(l) — bb + b(b) 80 iy N
. 70 CDF: H-11 ]
e From both experiments s DA: bib)H~b{b)bb
o
- New MSSM combination 5 50

- bo - bb+b(b) & —> 11 & bdp — b1t

» Longer term 000 120 140 160 180 200 220 240
- Up to m, ~250 GeV for large tanp a (VIS
- Down to tanf3 ~20 for low m,
- Or discovery
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Conclusions

e Tevatron and CDF/ D@ experiments performing very well

o Wide range of SUSY Higgs searches performed by CDF & D@
with up to 1 fb-! Run Il data:

- No signal observed in MSSM Higgs search, but already powerful!

o Updated CDF and D@ combinations soon
- Rapid evolution in sensitivity
- Over 2.5 times more data under analysis

Very exciting times ahead!
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D@ B-tagging

Several mature algorithms used: Combine in Neural Network:
« 3 main categories: * vertex mass
) * vertex number of tracks
- Soft-lepton tagging * vertex decay length significance
- Impact Parameter based * chi2/DOF of vertex
] * number of vertices
- Secondary Vertex reconstruction * two methods of combined track
impact parameter significances
Tagger
)y R : ~+ NN
€ | [ = Jup
o = i ,
-E L0 ]| it LTI REE (PTII RN (PN ORES (TRt (PRt T
L B
moor
R e At L s T EO SRS St o
4
S 28 SRR 07t N NN SO WO SO SO W

T \IK“

40

1. 1 frreereeees fromeereeeeeee froveeee
B [ P, > 15 and All I
7I-I L1 l L1 E L 111 E L1 11 E L1 11 I L1 11 i L1 11 i L1 11 I L1 11 L1
I ial Coll 0] 0.5 1 1.5 2 2.5 3 3.5 4 4.5
mperial Lollege Fake Rate (%) o5
Lni-']{]”n TILLD NINJUALTINVE A A B A



== =tagging - (DY) Certification

« Have MC / data differences - o peemnes s

0.9

— TRF,

Tagger: Loose Range: Alin

particularly at a hadron machine

- Measure performance on data

» Tag Rate Function (TRF)
Parameterized efficiency &

: —>
fake-rate as function of p; 06
and n

- Use to correct MC b-tagging
rate 0.4

\ ' '2‘0‘ = '35' - ‘4‘0' - '5'0' - '5'0' - '7‘0' - 'sb' - '9'0' - '1('}0' ‘
p, (GeV)
e b and c-efficiencies

- Measured using a b-enriched
data sample

Efficiency

0.8

0.7

‘-J\I|II\I|I\I\|III\|

0.5

T ‘ T 11

e Fake-rate
- Measured using QCD data
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MSSM benchmarks

e Five additional parameters due to radiative correction
Mqysy (parameterizes squark, gaugino masses)

X,  (related to the trilinear coupling A, — stop mixing)
M, (gaugino mass term)

- u (Higgs mass parameter)
- Mgino (comes in via loops) bl o midng
My 1 TaV 2 TaV
X, 2 TeV
200 Gy 200 Gy
« Two common benchmarks Ve
o ] " 2200 Gal 2200 Gal
- Max-mixing - Higgs boson mass
m, 200 Gy 1600 Galf

m,, close to max possible value
for a given tanf

- No-mixing - vanishing mixing in
stop sector — small mass
for h
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CDE - MSSM HiggS == T|Thad

eu channel
120 ---I-L.----.--m--.---.......
100+ ®
F 21
80 : No excess seen
o ol Bl |14 ] in this channel
40- myis (GeV)
I CDFRunll 1fb1 ||
20+ MSSM ¢—tt Search| -
i Preliminary
0- ——
my=160GeV|  A—tr
i M zZy-w ]
10- I other EW, tt |-
i jet fake 5
I J = ]
e
u.1;

0 50 100 150 200 250 300
myjs (GeV)
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60
h/iAMH =TT
100 DO 260 pb™! 95% exclusion sensitivity
80 e - No mixing
i J| [ Max. mixing
.80 AN A \\M 1~ (D@ 27
S l | 1ot (Do 4
+ 40 [4fo™" (DO 817
8fh~
Alone
20 CDF
7 . 2
80 00130 YT
Each,
m, (GeV) Combined
‘In|||||||l|l||||||||l||ll|||
120 160 200 240

mp (GeVied}
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