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The Standard Model

3 families of matter AN
@ ‘ Ul CI [
3 fOI"CCS = .”“’ e
—
° “gauge Symmefr-ies"; O B c-md lstra§ Immtn?
U(1), x SU2), x SU(3), g NN
sNelul7
Mass/.ve M/’Zg aug e bosons ThaIGanara%clns Df{ﬁgtllﬂf
Scalar Higgs field, non-zero VEV
* W,Z get masses through "Higgs mechanism”
. . .
Fermions can get Yukawa masses: == by
Higgs boson: excitation of the Higgs field - m,
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Precision EW Constraints

EW variables sensitive to m, via o g1
radiative corrections: SR
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my ]
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0 | Excluded "l:'i;_ i Preliminary-
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. m_, [GeV]
LEP IT direct: m >114.4 GeV
\/
m, <182 GeV (including direct limit) m,144 GeV
(C(T 95% CL)
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The Tevatron at Fermilab

Running (again) since ~2003 —
proton on anti-proton
sqrt(s)=1.96 TeV
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The DG Detector

Forward Mini-drift Central Scintillator Forward Scintillator

chamber\s\\ M, el SR . S Retained from Run I
el ‘ W S LAr calorimeter

[ 8 g Central muon detector

-:-1 Muon toroid

.................

CEXTTFTXTFXETT XL

New for Run IT

m) 0 — 4 e
o — = Magnetic tracker
i | | F 2 T solenoid
- N F 3 1 [ Silicon vertex tracker
-] |l W ‘ﬁ L L Scintillating fiber tracker
T ‘?'r}ii.‘r.‘:'xi_,?';';_:lf_'j{r.- “ o Q EJ , 1 / \ta Preshower detectors
S — Bl . | iy Forward muon detector

New Solenoid, Tracking System r v ¢ ¢+ F a3 9 0 4 a Tr‘igger' and DAQ

I R B T T O SR LA e T :

Pl RS Front-end electronics
|

Si, SciFi,Preshowers o

/’

+ New Electronics, Trig, DAQ
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Higgs Production at the Tevatron

g gluon fusion | |
BEEEEEETY P SM Higgs production
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TeV4LHC Higgs working group TTe—
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Higgs Decays
Coupling « fermion mass

140 GeV
1 B 1 : :
—;me,Uf(,bh(,Uf
s | N\
T 10 e
Main channels: =
* bb (low mass) S
o 10 i
* WW (high mass) “
107

50 100 200 500 1000
Higgs Mass  (GeV)
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Main Higgs Analyses

H—bb H—WW

@ % H—>WW—
ee/en/uu+MET

W/ /+-H—-W/Z+WW—
"1 17 / I'ly; + MET

/ZH—7bb—
ee/uu+bb
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Main Higgs Analyses

H—Dbb H—WW
% H—>WW-—

W/ /+-H—-W/Z+WW—
"1 17 / I'lYy; + MET

/ZH—7bb—
@ eejuu+bb
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b-Jet Tagging

B hadrons are "“long”-lived

Reconstruct charged N L
particles tracks e 5;
w . - - IJ'. S~omm \
Reconstruct "vertices” (Signed) Track | '3"
where tracks overlap Impact Parameter (dca) - Decay
Beam - Lengh (L)

Identify jets with:

. '9"9? Impact parameter IP significance = IP / o(IP)
significance tracks

* large decay length
significance vertices
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Look at jets with
very loose b-tag

Many variables with
separation power:

b-Jet Tagging

180
160
140
120
100
80
60
40
20

* Vertex: DLS, #tracks,
#Hvertices, mass, chi?2

* # high IP tracks,

combined light-jet probability 5. | . -

3 —Direct bb 1I1-U‘i—1l:lb — Direct bb
3 i P -QcD
3 Vertex e # vertex tracks
: significance sl
E_ EIJf—
;_ dDE_
E_ m:_
_|'|...|...|...|...|...|...|...|...|...| D:. A A T S—
4 6 8 10 12 14 16 18 20 22 1 3 4 3 & 7 8
SVT, DLS SVT, Ny
A0° — Direct bb
200E
. QcD
160
140 e
120 # high IP tracks
100

B0
ED
40
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7 3
CSIP 25
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Neural Network b-Jet Tagging

Train NN on simulated events

* optimized inputs, ftraining
method, network topology

Test NN eff. and fake rate
using data —

—QCD bb
0.4F —QCD udsg
0.35[ '
0.3F
0.25F
0.2F
0.15F
0.1

0.05[ _,.,,-J
O TR P e e e e e e = £ AT RN

002 0 02 04 06 08 1 1.2
NN Output

b-Jet Efficiency (%)

~I
O

(o2
o
LIL I T 1

o fl
s Db-jet.tagging.....

30—

‘NN b-] et tagglng JLIP

_alggrlthm ,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,,,,,,,,, ,,,,,,,

[ p,>15and Al |

_IIII;EIIII:EIIll:tllllilIIIiI\Ilillllillllillllill
0 05 1 15 2 25 3 35 4 45
Fake Rate (%)

Equivalent to 2.5x as much data
for double-tag analysis
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ZH -> 1t ;r b b Search

Easy TO Obser've Z decay ET scale: 18 GeV
* reduces backgrounds |

* provides trigger
Good b-tagging is essential -

Reconstruct Higgs mass
from two b-jets

Transverse view
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L+ 2 jets

Select events: | Do
e 2y, isolated*, e :%ffgts
p.>10 GeV, |etal<2 =Z+2b

102:— _—tt
- zZ

e >=2 jets, pp>15 GeV

Events / 2 GeV

e 65<m <115 GeV

Good agreement of data /
simulation at Z peak

* Trigger eff. ~ 100% “’# MWI ﬂ
QCD background determined 10_2ﬁ A L B i alaa Ly

from (Iess—isolaTed) data Invariant Mass of Muons (GeV)

Main backgr'ound: Z"‘jZTS *scalediso = (cal iso + trk iso) /' p,

scalediso X SCCllediS02 < (.1
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/ +
Require >=2 "NN b-tags”
NN tag cut for optimal
expected limit:

"’650/0 eff
~2% f(lke

Higgs->bb forms bump in
di-b-jet mass spectrum

Di-b-jet mass resolution is key!

2 b-jets
- DO Preliminary

——Data

— QCD

— Z+jets
= Z+bb(cc)
— it

. \WZ
=277
—/H 115
.

-
==
T T

-k

Number of Events / 10 GeV
o

40

Mass of b-tagged jets (GeV)

60 80 100 120 140 160
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Single b-tag

Also use events with a single >102__ D@ Preliminary E;??ES
“tight" NN b-tag: —
~40% eff. I AL
~0.5% fake N

10?+=f=;==ﬁ__j==i__1£;*i_L4

(AND NOT two "loose” tags)

Number of Events / 10 Ge
——
[
P a0

Compared to double-b-tag:
* Similar amount of signal

* Double amount of
background

<
I I TTTTI

S

40 60 80 100 120 140 160

Like having 257 more data Leading-Pt di-jet mass (GeV)

Combine during limit-setting
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Additional Variables
Di-b-jet mass is the 0 —me,

best variable I Signal Angle e
between WZ Background

—— E+jets Background
— Z+bb Background

two muons

But other variables also .
have some separation
power

B — Tital 3:c;cgrc-.1nc
—&8— Data ° L4 — Signal+Background
— Signal [M1=11E-) MISSlng E ----QzD laik;r:mc
10— —— Total Background 10 E_ T — it Background
: ----QCD Background E | — ZZ Background
B ° —— it Background - WZ Background
gl— S lgnal — Z7 Background B ttb a,r —— Z#jets Background
| WZ Background 1 = l Z+bb Background
- — Z+jets Background =
- Z+bb Background C
6 :._.L J
L 1076 Signal
4 E | ]
. aL
H 2 T
I rapidity e 99 -
0—_—l— o e b b 103 Lol ||_|‘_|_.|_1 |t |i| [l [ Ll |||_|| 1 |||_| L1l ||_|||
0 25 3 35 4 0 50 100 150 200 250 300 350 400
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Neural Net Event Selection

Multivariate discriminant 2 ¢ — Z+jets
[ZRTIS = Z+bb(cc)
S I =t
Separate NN for o | -%VZZ
single/double b-tag ; 'E o115
pr(y) ﬂ}s(z‘-h) -g - I Signal
Tr'Clin fOr' pT(.]}'_) \ Hlﬂ'., 310'15— B : _E
each m, / }. S g
] //’ WL Hr L | .“3 ¥

105402 -0 0.2 0.4 06 0.8 1 1.2 14 16 18
Neural Network output

Sensitivity 37% greater than
using M,, alone!

scalar E;
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Neural Net Cross-Checks

All input variables are ~Data

o) T
O, DD Preliminary |
well-modeled = _§£}Ets
2 0 = Z+bb(cc)
s | =t
Also check shape of NN o' Wz
output before b-tagging G | mL
* High statistics 2 oL
e
* Negligible signal 3
1 ﬁ
:III-I-TI ||||||||||||||I||I|||||||||||||I||
-04-02 -0 0204 06 08 1 1.2 14 16 1.8

Variables / correlations are Neural Network output
well-modeled in Z+jets
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Neural Net Cross-Checks

. ,
Train NN on ttbar as signal oF
* A "standard candle” ::ﬁil?ag;e
* Cross-section well-known e
Expected ttbar is observed ii
in both single and double ST A = Ly O
b-tag channels o e
JDoube =
b-tag | e
F | ttbar
o 14 signal
Uzl-oldl %2'0 “EE j“';}:! o Ffs:c}jgaﬁ__r 1#‘13 v
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Neural Net Cross-Checks
Study variable shapes after cutting on NN output (>0.5)

NN is selecting signal-like region of phase-space
* No separation power remains

—&— Data
" E;t:al ;M =115) — Signal (M =115)
I : ;n'.al Bac;gmq;c - =] DtalHacki UK
o +Background B — Signal+Background
10 E_ i;lz?;ik;:mc 1 i_ ----QCD Background
- —— tt Background = —— tt Background
- — ZZ Background B — ZZ Background
B WZ Background 101 §_ WZ Background
1= —— Z+#jets Background E — —— Z+jets Background
= ™ Z+bb Background — = Z+bb Background
- i 102 = -
107 ; e |
; I_____I' a NN>005 E
i - 104 &
107 , =
= am -
= : | 10° ]
1D.3| N IR WO B PR A i [T I T N B R :||||_iii||||||i (N T A T R T T N N NI
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Di-b-jet Mass (GeV) Di-b-jet Mass (GeV)
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Systematic Uncertainties

Luminos ITY, 6.1% 2= E— Nominal Bigd

Lepton ID, 2% )i =1 :TEEE

BGCkQF‘OUﬂd Cross- ZH-> . bB, 1Tag
sections, 5-30% o =

QCD estimation, 20% : E|:|_

Jet-energy scale® ~ T F =

b-tagging™ P TR TR S

NN output / arbitrary units

*Affects shape of NN output
as well as normalization
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Use whole shape of NN
outputs to set limits

Need ~20x more sensitivity
to see the Higg

ZH -> " I"b b Limits

Z% 1 bb

Limit / o(pp—2ZH)xBR(H— bB)
"\I
o

s in this

I',:.II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

channel alone (at 115 GeV) .

T Expected L|m|t

DO Prehmmary, L_1¢1 fb‘

; L
H R
H H [
e mmmmmm mm mmmm o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e el e [ T
60 r .+ .* + 4

T
‘l"."

- Observed Limit

I S SN, AU

1005 110 115 120

* Other channels

* Combine with CDF

* More data (2.4 fb! this winter)
* Reduced systematics

* Further improvements in
analysis technique

125 130 135 140 145

Higgs Mass (GeV)
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H->WW -+ MET

Select events:

* 2, isolated,
pT>10 GeV, |eta|<2 10°

¢ >=

DO Run Ila

Preliminary

’

* MET > 20 GeV*
* MET "scaled" > 5
* Min p transverse mass > 20 * -

e 15« m <70 * 0 10 20 30 40 50 60 70 80 90 100
HH Missing E_ (GeV)
*(depending on m,)
Scaled E T
Er = MET projected

. (AEI . sin @it . cos Ao (jet, 2 . . .
\/ZJ‘J’“—“ ( @ (et B ) < onto jet direction
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H->WW -+ MET
High T™M
eal W event Low TM

102

Mis-measured muon

N
S S 1
(P 1072

] Min Trans. Mass (GeV)DZ —TT

Main backgrounds after :
pre-selection:

* Z+jets : Fake MET
* W+jets : Jet->Muon ;
* WW : Nearly irreducible i:

* ++: Two b‘JeTS 107 E
0 20 40 o0 80 400 120 140 160 180 200 220 240
M(up) (GeV)—
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H->WW -+ MET

Higgs is a scalar

* Muons from W's
tend to be more
alighed

10

102

0 0.5 1 1.5 2 2.5 3
A@ between two muons
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H->WW -+ MET

Tr'(lin a NN fOf‘ €C(Ch nnout - Dsa 1)
simulated signal m,, s

—— Tatal Background

25 :_ NN>O . 5 ----- QCD Background
W-ets: 8.5 | wwasison
w0 Ww:sl
pT (Ml) _ Il Z"‘jetS: 40 — Zbb Bakground
P; (uz) 151 + ttbar: 0.9
m(ulu2 : QCD: 0.3
(p(l’lpu'z I ’ :_ n Sign N
F 2 (x100)!

@(MI,E/ ) /
O(,E ) :

MinTM(y, )

e
04 02 0 02 04 06 08 1 12 14

NN Output
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H->WW: -+ MET

Comblne WlTh ee, ; 50 i == QObserved Limit —
ey channels % . . . . wuun Expected Limit
= 403_ ) D;a Prellmlnary, Run lla +Illa L= 1:«rfb1
m B , , | i
X F H—}WW—}eeep,uui
T L
& 3[} __ e e e b e e e e e e e mmn e e d e e i e =]
Q B j
5 r
E 20t
9 F T
10— N
Standard Mode|-1 0
D N A A el A oy et o o A e A A A e A A
120 130 140 15[} 160 170 180 190 200
m,, (GeVic®)
* Combine with CDF
* More data (2.4 fb! this winter) 3 SM

* Further improvements in analysis technique
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4™ Generation

e, AMPCvefE % S
S cuep SI7

Already excluding from
145-195 GeV

Sensitive up to
260 GeV by 2010

— 9x more gg->H production!

; Eu: ..................... _ ObseruEd Limit .........
25 : s Expected Limit

% A iminary, Runlla + b, L=1.7 b

z : | H*WW—*E*EEE*}‘}WM'

b 20f ’

n =

o

20

R

—
L=
T L L

Standz

ﬂ. e oy e e o ] e o i i o i e i o
120 130 140 150 160 170 180 190 200
m, (GeVic’)
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DJ Results in Main Higgs Channels

70
- 5 i i ‘gmu
é g0 |— . O A i .. - = Ccerved Limit |
E:.J:' ==ne Expaciad Limit E d sans Expicbesd Limi _"
g = ) H . k E ‘*.
t b i [ 1 | ? {
E s/ DO Preliminary, L=1.7 fb | [ E 60
2 = | DO Preliminary, L-11ﬂ:.--1
4 = %0 ZH = TTbE
20
P05 110 115 120 125 130 138 140 145
m,, (GaV/ic’)
L.l z - w—tssried Limit |
'E; | = Observed Limit 2 90 3 ! s Expected Limt
[ weees Expected Limit : T i b L=17 i
E,,.,__ b o %0 L L AL L R o
[ , T} E EXT W W—e'e 8
£ © ZH-wbb NN, VH Signal e  E\ s
:? HI_ Dﬁ HU"" FlEIiminaf‘,‘ {nlga IH1:I E m 53[":_ ..... e T
g | ] 90
B s 20t E 201
= 10, | | m | ---‘-'-|_-1 g e e g
_ @ 5 ﬁtﬂﬂﬂﬂ Model = 1.0 Etan:Erd Madel =10 "
0=t I } . o] T T e 1 | T ; x| u= LINEINEISCIITSICEIEEICEIILD 0 O O EaTEan| || e e e e ey e rarum——
105 110 115 120 125 1 1350 110 10 10 140 150 IE-EI 1m 190 190 201 1 10 0 s 10 70 1@ 1M 20
m, (GeVic?) " [ﬁi\"tzl m, (GeVie’)
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Combining the Channels

~$M Hidgs Combingtion o o

' [

_“.'ﬂp"‘%"""""“'”ﬂ-ﬂg““'”“* wuss Expected Limit

=
!
A

........

e | i
= I ‘

1w

H z - H
.

Limit / o(pp—~WH/ZH/H)-BR(H—bb/W W)
|
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Combining the Experiments

Tevatron Run II Preliminary, L=0.9-1.9 b

2

E 10 l“}:}:t ‘if]f_.‘.i..i_f,_%__E__E_.!._f._f___E..E_.t.-' - g L
o GRS 19Y S i ) 1 1 S R - CDF Expected ]
= ﬁﬁﬁﬁﬁﬁﬁ?%f;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁIﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁlﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁ P R
g -------- DY Expected |
— g wnmmn Teyvatron Expected o :
4 T

; : : : . =m Tovatron Obsen ed
l:-) 10 ETE e ,....-..."""':""ZZZZZZZZZZZfZZZZZZZZZZZZZZZEZZ' T TR TP PR PP EEE PR R REER s
E:"-.Eu_ AT ITRN e,
m 1
o) e

...........................................................

4X SM

1 XSM
SDM : 5 DA e i
110 120 130 140”.....:"1’50 160 170 180 190 200

m,,(GeV/c’)
Observed limit: 1.4x SM !
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Improving Sensitivity

Tevatron Run II Preliminary, 1.=0.9-1.9 fb!

With no improvements, would
need much more luminosity

to be sensitive:
e ~20 fblat 115 GeV

* ~7 fblat 160 GeV
Expect 6.8 fb” by 2010

Improvements underway:

* Better b-tagging
* Di-jet mass resolution
* Lepton efficiency

M
S

95% CL Limit/S

* Matrix Element techniques

== Tevatron Expected -~ 1
Observed -~

__________

g S =

L PP P

.................

mmk,

.........................

SR SR PRy .

e e e e e e e e e e e e
i -----  CDF Expected

DY Expected

| wemmm  Tevatron

p=r®

J-- L ]

TN Ee
PV LSS

.................

==,
L —svi
110 1

20 130 140 150 160 170 180 190

* Further improvements in analysis technique...

200

my,( GeV/cj}
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Reducing Backgrounds to H->WW
/+)ets: —
MET likely comes from =
mis-measured jet(s) “
e Look at H_, the scalar 12"%{
sum of the jets' p. 1““:—?
805_ Z+jets
USerI as an addITIOn0| ﬁﬂ;_ Signa]
NN variable to reduce ] (x100)!
Z+jets background D A + 4

010 20 30 40

—&— Dala (581)
— Signal

— gg-*h

— Tatal Background
----- QCD Background
—— 1t Backgroursd

— WWW+ZZ Background

- WZ+Wjets Background
—— Zjats Background

- Zhb Background

5 60 70

90 100

Sum p_ of all jets (H,) (GeV)
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Reducing Backgrounds to H->WW

W+J eTS' QCD: :gial:a{lﬁfﬁ
Muon(s) comes from a jet ¢ — =
0F " satgned
Usually a low-p_ muon 6ol e
incorrectly matched to s
a hlgh-p.r track 40
* Look at the worst x2 S0E”
between track, muon 20
102—
1 = Ll

Useful as an additional
NN variable to reduce Logl10( Max(Chi2 match of track to muon) )

QCD and W+jets
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Reducing Backgrounds to H->WW

Using additional variables: H_, p._(u 1),

Original NN
UE, SET, y’(track,u), Min(u,)
nnout 8 Data (133) nnout - SD-EIETSH
25 i NN>0.5 | 2 NN>0.5 | o
Wjets: 8.5 | —tewes 201 Wjets: 4.9 | twann
ol L) WW: 8.1 | s  F I WW: 104 | oosssoos
i Il Z+jets: 4.0 | 16F- Ztjets: 1.4 |
e oL ||, ttbar: 0.9 14E- | | ttbar: 0.7
: L QeD: 03 e QCD: 0.1
_ 10
o 3 J—LT
z
o a4
g g - L
00402 4 02 0406 08 1 1214 004 4

Sensitivity improved by 30%
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Di-jet Mass Resolution

Undertaking a major effort to 0.5 cone
improve jet energy resolution b [ ':::'::::?.7|¢0ne
* Add "pre-shower” energy ‘
* Correct for jet "width”

* Track-based corrections

)

N 7

L !
!

calorimeter jet

* (H1-style) cell energy weighting

First a simple trick:
measurements of 0.5 and 0.7
cone jets are different

* 0.5 less sensitive to noise, : g
pileup, overlap

* 0.7 captures more jet energy
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Use 0.5 cone jets for event =
selection and b-

Match to 0.7 cone jet and o

average their 4-vectors £ -

Y m =115 GeV

4: sianal (scaled!)
~8% di-jet mass resolution Loie e
improvement

* angles are also

Average Cone Jets

tagging

0.5 cone
0.7 cone
Average cone

——200 250 300

Di-jet Mass (GeV)

measured better

~5% energy resolution

improvement observed in

y+jet and di-jet data

Translates into 8% more
sensitivity for low-mass
Higgs searches
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Muon Efficiency

. .. : ~aN® ) ZH— bbb
Z. >pu efficiency is only ~60% . . — 115 Gev
Limited muon acceptance o

* 20% of Z's with muon |eta|>2 = »|

200

150

Use tracker, good acceptance ™

to leta/=~3.5 Mrf{%

-5 -4 -3 -2 -1 0 1 2 3 4 5

Muon eta

Require one standard muon,

look for isolated track Similar methods also underway
to improve electron ID
e p.>10 GeV

* Tune track and isolation criteria
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Central Sc:mtll_latnr

Forward Scintillator

\

}I'
|

'. TR IE E T AN -'-"l‘l- '."'i .- _.a.-rf.tl, At asu N ey A, M_.-.;.:'r -
MORTH LN 1AmOCCl T SOUTH
) I['mmm Ilr o,
- P

o

‘a | 1-::
?‘:! .'u_:'l:
'I-'

P '
- —-;'_.IE.. f’l;-l o
L,
| ] L ]
||'.-.-.
: .‘-‘._:r'-.%:at_-.'--ata'--}: EE

a
PR

Botiom “holes

5i, ScilFi, Preshowers

New Solenocid, Tracking System

5 < rlek
SRR

/H HT l'-‘-:
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Muon Efficiency

htemp

Entries 24002
Mean 0.009475
RMS 1.834

800

Muons recovered in

600

regions with poor
muon acceptance

300
200
100
Track eta
Forward-muon octants
sttty | htemp
?90 Entries 24002
5] Mean 3.554
< - RMS 1.77
200 1000 —
100 - 800
sno:—
-100} 400
.200 200"
A ekt b s : ; I R R I N R N [ N
30950 200 .-100 0 200 300 % 1 2 3 4 5 .
x(cm) Track phi
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Muon Efficiency

Combine track-only muon with:
* wider Z mass window

* muons with no central track
* muons failing timing criteria
* |ooser muon isolation

At pre-selection:
* ~60% more ZH->uubb signal

* ~90% more background

Equivalent to ~307% more data
after training NN

[zm {sample==1} | ZH— pipbb
1 m, = 115 GeV

1000[—
Wider mass
Track only

800 —
B Mu only

600[—
400(—

200(—

e L2 B et P SRS

% 60 80 100 120 140 160

| zm {sample==0} |

Di-muon
data

Wider mass
Track only
Mu only

250

200
150
100

50—

L L L L 1 ] L |_I'~ .—‘_III-'_-‘. —atmaml=Temed o
%0 60 80 100 120 140 160
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Sensitivity Estimates

.D 2T.Lu.mi"as Prd ecﬂ.hn................in.................. .
..... ﬁx e

..........................................................................................................

Better b-tagging
* Semi-leptonic tagging (5%)
* Silicon Layer-0 (8%)
Di-jet mass resolution (20%)
Lepton efficiency (10%)
Matrix Element (20%)

ent (fb™)

rim

.........................................................................................................................................................

—F— ::::"’“:::::._. = """" 2010

............ 2009

Analyzed Luminosity f Expe
T

2007

Sensitive to m =160 GeV
with data already on tape * "Higgs Mass (GeV)

May be sensitive up to 200 Gel/ by 2010
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LHC

proton on protfon

Tevatron
/x Tevatron energy
~100x the luminosity LHC

Collisions this summer?

: & A
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ATLAS

Taking cosmic data with
all detector SUbSysTems

Z (m)

Barrel LAr / Tile calorimeter

, Andy Haas — Jan. 14, 2008 ,
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Higgs at the LHC

Discovery possible in whole

H — yy

| l dt “] ﬂ' ! B ttH(H — bh)
" (no K-factors) A H —» ZZ™ 5 a1
mass range after 30/fb ATLAS s D
ol — g W — Ivly

o
10 :— A qqH — qq1T

qquH — qqZf — llvy
® qqH — qqWW — Ivjj

(~2011)

Signal significance

—— Total significance

m,<~130 GeV difficult

10 |

TeV: W/Z+H, H->bb decays A
LHC: H, qqH, H->1T/yy decays | A\ !
* ttH(->bb) is very hard L | L

10° 10°
my, ( GeV/e)

Important to measure many
channels, to test SM
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Conclusions

The Higgs Boson would complete verification of the SM
* Will also lead to new puzzles - and perhaps to new physics

Dd is hunting the Higgs, using advanced techniques
* NN b-tagging, single/double b-tag, NN event selection

* Combined with CDF: 4.3x SM @115 GeV, 1.9 @160 GeV exp.

1.4 observed!

Finding the Higgs will take further innovations
* Better b-tagging, di-b-jet mass resolution, lepton ID, ME's...

* May be sensitive to SM Higgs @160 GeV this winter
* Possible to be sensitive up to 200 GeV by 2010
* And we 're always ready for surprises!
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Precision EW Constraints

EW variables sensitive to m, via
radiative corrections: | mu

LEP IT: m »>114.4 GeV

.o | : :
Slnzezﬁt : most important observable for my,fit

A e 0.23099 + 0.00053

Ay @ 0.23221 + 0.00029
Oc

* 0.23220 + 0.00081

Leptonic & Hadronic

SN T T T S famektric §0d6
5 f_ | confidence inteLE a
g

YR Y S VR T

2

-

O_ | | | | |1 | | | ||| | }
10 20 50 100 200 500 1000 2000
m ,(GeV)

\j
m <97 GeV
(GT 95% CL)

(leptonic only)
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Why is the Higgs so Light?

The Higgs mass is unstable

* Large radiative corrections L smi et
(it's a scalar) L1 1
10? 10-" 10'¢

Hierarchy problem:

015 Forces Merge at High Energies
it L L L L
<< -

M, < Mgyr 3 i
& ]
2 0.10 -
= -
5 b _
ES
E 0.06
A

0.00 i L1 1 | L1 | T | L1 | L1
10° 10* 108 1012 10'% 1020
nergy in Ge
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Why is the Higgs so Light?

We wouldn't be here if it wasn't
* A small Higgs VEV seems necessary for life

Same reason for a small cosmological constant?
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Why is the Higgs so Light?

New physics: Supersymmetry
* Particles come in fermion-boson pairs

* Corrections to Higgs mass nearly cancel,
if boson and fermion masses are similar

O .~ boson w~ fermion

gauge
. boson < Eaugino

H — 0
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Search for bbb bump on

bbb background b &
.60 — ﬁﬁ % a

Interpret as limits in Saf 2
m, / tanB plane 2of &

PRL 95, 151801 (2005) b 160 oy S

DG SUSY Higgs Search

= 60|
| o
A o +

\ N
b x g I
- i
b b 5 20f

w T +

+ L =
0 100 200

---m,= 120 GeV

+
300

DO

Data
Total bkgd.

400 500

Di-jet mass (GeV)

100 | MSSM Higgs bosons DO
' | bbo(—bb), ¢ =h H A 5

No mixing
Max. mixing
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Why is the Higgs so Light?
616 papers on hep-ph in 2007 on "Higgs"

0.08—

Lots of great ideas
Need experimental input

0.07—

0.06 5
0.05]-

004 ‘t
0.03}-

0.02]- _lL

Theoretical probabllity to find Higgs / 5 GeV

0.01
100 120 140 160 180 200 220 240 260 280 300
M, (GeV)
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Circular e* e collider

Maximum E of 200-210 GeV -

[ (my=11% CeV)
adl = 1
| mE= 1"-.4_ 13
- S B |
- - - ++ : il T B - - I =

30

10

"% 1]

5

A good, but not the = ’
only variable... - 6

E v éils

Look for e* e -> Z+H(->bb) |

Slight excess around 115 GeV |
Higgs mass > 114.4 GeV o

1 r

_EP @ CERN in 2000

Jz = 200-210 GeV
Loose

—+ LEPF lpoze
1 background <’,

mm hZ Sigmal

- mmm hZ Sigmal

[ e

V3= 200-210 GeV

—+ LEP medium
] bkackground

J’Medium

[ =

=
¥

2 b= 1557 1.2
agl= 1% 12

L ke 1 h o

.:m,,_11~ GeV)
L
= 200-210 GeV .

[ —+ LEP tight Tlght

] bkackground

mmm hZ Sigmal
(my=11% GeV)

e

0

120

L
100
Reconstructed Mass m,, [GeVic®)

20 0 60 50
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Limit Setting

¢ In the absence of signal, we set limits on Standard Model Higgs
boson production

¥ We calculate limits via the CLs prescription:

CL o CTL.? +b
A (TLI[?
¥ Using a Lm_, Likelihood Ratio test statistic:

-:1’_, [J.l E:rl b

Vi 5+b ' pie
, -
0(3,b, fz}—ﬂ H ./ / d ' LLR=-2X LogQ

i=0 =0

" " Observed events, or expected
d refers to “data _fnr madel being tested : Backaround on Signal+Backereand

¢ Distributions of simulated outcomes are populated via Poisson trial
with mean values given by B-only or S+B hypotheses

X Systematics are folded in via Gaussian marginalization

¥ Correlations held amongst signals and backgrounds
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Sensitivity
2003 study

;:'E 100 SUSY/Higgs Workshop -
= | ('98-'99) :
2 Higgs Sensitivity

I Study ('03)

°

= 1

=

=

©

= 5c discovery

£ 1 35 evidence E
o 95% CL exclusion
= .

80 100 120 140 160 180 200
my (GeV)
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ZH->uubb Pre-b-tagging

-E' r | -mll s
= 5::3 M =115
- - — Total Background
900 :— 1000 __ - -—-- QD Background
= B 700 —— it Background
800 - B r — 77 Background
- 800 — £00 r WZ Background
700 E L E —— Zsjets Background
GO0 E : | 500 :_ — Z+bb Background
= 600 — -
200" - 400F-
400F- - + L -
- 400 — — ¥ 300
300 B -
= - 200
200 = 200 C
100 " i 100
']:I 1 ﬂ_l (. e d s Y . 0:| - P [ I T T R T N T R
0 0 To0 200 300 400 500 & 0 50 100 150 200 300
=
pt1 — Sga M=115)
- - 2200 5 C — Total Background
1200— 2000 __t 2000 :i_ 600 ---- QCD Background
B - = — tt Background
- 1800 | __ 77 Background
1000 — C | 1800 = 500 WZ Background
» 1600 - 1600 :_ —— Z4jets Background
go00— 1400 | 1400 4] 400P — Z:bb Background
- 120051 14 1200F | -+
600 — 1000 | 1000 300
- 800 = C
400{— - 800 00
I GO0 | 600 C
200 : 400 e 400F- 00—
- 200 200 = E
0 50 — - :; ——= E_n_ h - | i ) I I IR B
0 50 100 150 0] =) T o) mmle e i : L
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Event Kinematics
No true MET in yubb events

Should assign observed MET to
some combination of muons
and jets - correct their pt's

Depends on:

* angles between MET, muons,
and jets

* pt balance of Z and di-jets | é gl view

* invariant mass constraint of Z MET "
and H->bb

-

Too complicated for NN
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Matrix Elements

Calculate “cross-section” for an g .
observed event to be from | Z+bb
Z+bb or Z+(H->bb) h

Use MC integration methods 0 T

Include as in pU +s o NN SRR VY .'I Y A

1F “ |

p(m) :/:h o Z}‘“}‘hﬂﬁ'“g, f(m,x) | ‘T (k(m,x).m) [: | I[J_lzl | IUI_4I | IDI_EI | I[}_Ial B

a, ME discriminant

= m. detector measurement of event.
= X. integration parameters LN L

. e J
= k(x,m): parton solution given m and x. ™~ mt g}d e b%ﬁé
Uu

- fo: phase-space factors.

/”u“\f‘ 7!1 —»
. f.f,: PDFs from MCEM. / \

= Mgap: matrix element from MCFM.

= T transfer functions

MET = yl1+y2+j1+j2+6(MET)
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Tracking

IP resolution

& data
- M

10 10

=]

-k
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Layer O of Silicon Tracker

Silicon detectors mounted
just outside the beampipe

Installed fall ‘06

Better track impact-
parameter resolution
-> Better b-jet tagging

umk,
g

A L
EE E Fy MIT Eupar layar
5&?00;_ F Eupar Layer
g 2501 A F20-2ENT SuparLager + 110 Layer 0 being inserted into the silicon tracker
.'E: znul?‘ A = o
8 15[1: F Y
g d s - Effect of Layer 0
a P ( in recent data
- Sl]_—
o l A A
' pT (GeV)
Qt? COLUMBIA [JNIVERSITY Andy Haas — Jan. 14, 2008 Slide 62
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b-Jet Tagging Reality

Run 21006033 Evt B 24—Dec:§eg?

s [ T T g

- _.
0,443

.. Kibet-tracker

e,
S — .,
.
- ~
.

View 1, Front(X-v)
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b-Tagging Measurement

System 8 method:

T
r
n SLT
SLT
p
n NN

NN
P
n SLT NN

Ff.‘-'LT._""."_'"'."

ny + Nyd sqe

b+ Pudsge

_SLT, LSLET
- b iy =+ :-Mfi.eg-:?jr!"'*'-’i-‘““gf-"

_SLT _SLT
- b J!T';lb _|_ = '|.!_{£.C'lg|g:‘-]!1";| L fi.ﬂg}:.‘

NN,

5 T Ty fE.qg:?ﬂ' udsge

2NN NN
.'lJ)C booPb A+ as fE.qg-:"p'HfEFQF

. ~SLT NN, - SSLT NN
RpE b T + K udsges udsge™ nfi.ﬂg_;n:‘”"lﬂ-fi.‘-'-“g:?

@S LT NN ~SLT NN
hb,l- “h Sh =

Pb + Htefi.ﬂg:?{:r‘ t.gfl[.'!‘:e;:.‘:'Iﬂfi-‘“gf"p“d'cgﬂ

* Correlation coefficients, measured in MC:

a - Ratio of the udse-tagging efficiencies in the two samples.

3 - Ratio of the b-tagging efficiencies in the two samples.

ky - Correlations between the NN tagger and the SLT tagger on b-jets,

Kudse - Correlations between the NN tageer and the SLT tageer on udse-jets.

prrel - Ratio of the SLT tagging efficiencies on ¢ and uds-jets.
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Lepton Efficiency

‘ E—— P — — htemp
Entries 3197
MET from non-reconstructed — ¢ r” 1533
muon Is present Isolated
. . . . 1600 Background
And points in the direction of
. 120
the isolated track
80
60
| mettrackcorr {sample==1&&zold==-5} 40
20
s000] T ZH— pubb % 20 40 &0 8 - o0
B m, =115 GeV (S
L [FE—_ htemp
L Entries 2821
00 . : S
sn Before correction s00ll- '
- After correction 1
00 Standard Z's il Isolated
B - Background
400__ 300
I 2003—
200 C
_ 100 —
0 T AT A T O e Ly | E
0 20 40 60 80 100 120 140 160 180 200 M, s
MET (GeV) O 0.5 1 1.5 2 2.5|muphi3_ et
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4™ Generation

9x more gg->H production!
Reduced H->bb,tautau
Enhanced H->gg

1 uy, 4 AMPCTE %3
s cue St

1:
Relieves m, EW tension ‘
0.4 0.1k
[ u=o0 = -
0.3f 5
0.23 =
- g o001
0.1 2
L L
- e
-0 @
B m
- 0.001E
0.1 C
-0.2f
-0. :I | - | | | L - | Ll Ll I - 1 | L
e 09 00 200 300 400 500
S M,  [GeV]

H
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In the data sent fram ench FEB is

information on data quality

- transmission errors (parity)

- radiation-induced logic errors (SEU)

- synchronization between FEBs (same

event)

- synchronization of GSELs within a FEB
- various other checks that each FEB is

behaving as expected

This information is unpacked by the
ByteStreamConverter and available in Athena
(after some more interpretation / bitshifting)

Was run during the full expert-week

- Found some unexpected behavior

(explained on next slide)

Also run in real-online model

- Tested by Haleh, and Henric

FEB Header* Mom‘rur (FEBMan)

= =
= H
H H
H =
S— — - — —

Frame start tag | 104 4 11 1 1 41 44 44 4
o P 0 0 |r Apcip J{ Fhase rz\rENTH )
Event header e
o F 0 | )
Sample header | LU |ij (L)[B][a) CELLN _J
o P [ gain .]lu | ADC
o P ’ gain || | ADC | )
3 : II' i : : : : : : : :
a i]lIF'Iﬂ_galn:” ., _ADC o
Sample data 2o P [Lgain :II -, _ADC [ |
=l o P g:ian ADC | )|
H. s
o P | _gain _I, ADC | ]
o P [ gain) ADC | )
o P [ gain || | ADC | |
Event trailer |[e P o o 1[s][E][ | . scACstaus ] 1
Frameendtag | |0 © © 0,0 © 0 0,0 0 0 0;0 0 0 0

unint3? t FormatVersion;
wnt3? t Sourceld;

wnti? t RunNumber;
mint32 t ELVLIId;
wnti? t BCId;

wnt32 t LVL1TigType;
wnt32 t DetEventType;

A ROD_Header, always present (is part of the FEB-Header)

A DSP-Header (most of it is actually in the DSP-Trailer)

it
intd?

2 t CodeVersion; /' DSP code version
_t EventCounter; /' DSP ev ent counter

std:vector<uintlé_t=m_SCA: 7 SCA number for each samples
uint32 tm ELVLIId: // FEB £1 entld

uint32 tm BCId # FEB BCId
wnt32 tctlrl, otle?, cflr3; 4

/ RodStatus /

SCAC /ete.:
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DAQ System

aaaaaaaa
aaaaaaaa

100 Mb/s el N
r Fast Etherngt Switch
e e et (I |
VME Crate TLLIT L L=
with SBC F:ast Ethernet Switch
= <21 Inputs, Gb output

Gb Optical

Links

T =n

100Mb/s W

-

ol (=89

PATATRCATATRrTE § R

n Fast Ethernet Switch
<21 Inputs, Gb output

Ugoooopnog®emi

Fast Ethernet Switch
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The Higgs in Supersymmetry Decays

Look for Higgs bosons in the decays of
supersymmetric particles
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The Higgs in Supersymmetry Decays

Look for bump from H->bb decays
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