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Standard Modz]

* The Standard Model is defined by the symmetries of the
Lagrangian:
- G, =SU(3).xSU(2), xU(1),
- Interactions: strong, weak, and electromagnetic
- carriers: gluons - g, weak bosons W+, Z, and photon

* matter particles:
- leptons and quarks
* and the pattern of spontaneous symmetry breaking

- complex scalar field

- breaks G,=SU(3),xSU(2),xU(1),~SU(3),xU(1),

SM
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The Higgs Mechanism
* Essential ingredient of the Standard Model

- Complex scalar field with potential
* Used to break the el. weak symmetry...

1
Mszvg MZZ%vg/COSGWZMW/COSGW

* ...and to generate fermion masses:
mf:gfv/\ﬁ =g ,=m, V2/v
* Unitarity requires a Higgs boson
or similar

- cross section for WW

scattering diverges
like s/M,,?

- scalar Higgs boson cancels
divergences
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sounds on Higgs mass

* Global SM electroweak fits provide upper limit
+ The best fit gives m,=94"3,GeV
o Limit from fit m_ < 152 GeV
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LEP (1989-2000):
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* Tevatron (1986-2011).
LEP (1989-2000): Summer 2011:

m, >114.4 GeV@957% CL Exclude: 156 - 177 GeV and |
| 100 - 108 GeV
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The Tevatron oF collisions

Ran for 25 years
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* Center of mass energy

Is =196 TeV [Booster | . Vs=1.96 Tev

* Discovered top quark

pe- e 7.
= -+

* Excluded high mass '""i"-'-i":':-":'{.."J;": ;.
range of the Higgs N Tevatron
boson

~

p source .+ =y

* The most precise -
measurement of the W i o Main Injector
and top mass oA ‘= &Recycler
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* It stopped running on
September 30™, 2011
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The Tevairon

pp collisions
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The LHC

pp collisions

* First collisions end of 2009

* Goal is /s = 14 TeV (exp. 2014)
- Collisions at /s = 2.36 TeV in
December 2009
- It was running at /s = 7 TeV
through 2010 and 2011
- It will be running at /s = 8 TeV in 2012

o 4 o e G

~ 2-Jet Event at 2.36 TeV

* Goal is to collect 10 fb!/yr and
later 50 fb!/yr
- It collected ~40 pb! by the end of 2010,

5 fb! in 2011, expected at least that
much in 2012

- 100 fb! possible in 2016

CATLAS

2 EXPERIMENT

* Will discover or exclude Higgs boson o e
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D@ experiment

°( Silicon microstrip vertex

| / de’.rec.’ror |

------------- *\ 5C|n1'l||(1‘|'lng fiber tracker

— i_ ="/
Muon Chambers | ”

* Uranium/liquid argon
calorimeter

Shleldmg
Calonmeter

eSS ST
- —

Wire chamber + scintillation
counter muon detector system

o
T [ T T T T [ T T T T T T 1

_5 D 5 "N 27 solenoid maghet & 1.8 T

3-Level trigger system: :
Collision rate 1.7 MHz toroid magnet

Level 1 (hardware): 2.5 kHz

Level 2 (software): 1 kHz Angular coverage |

Level 3 (software): 100 Hz Muon ID ~2

We save ~25MB/s Tracking ~2.5
EM/JetID ~4
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19 April 2002 -30 September 2011
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Higgs searches at Tevatron
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* Main production process

is gluon fusion

Production ... -

10 ¢

1.01

* Associated with vector
boson, and vector boson
fusion are significant

0ol

May 3, 2012
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.. and Decay

|
High mass * At lower masses

dominant decays to
i TS bb

* At higher masses

dominant decays to
ww

N

A L\  Due to the small
120 14 160

T80 200
m, [GeV] oxBR other
processes are less
usable at Tevatron

2 » »
10300
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How do we search?

PP/pp cross sections

gl“ - : T T T T TTT | T T — T T TT T
BloM- PP PP
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Flow co we searcr

PP/pp cross sections

S SRR to= T« We need to extract tiny signal from
bizw P ] f’é__ﬁ huge background

: - =
ol N - We have to be able to measure
10 ¢
o o1 known processes

: _ .
107 L * Good background modeling
10° o _—

E t(E > s/20) . . .
107, — - Extensive application of advanced
1“6% cJet(E’“;-lmGe‘n / GnGIYSiS TeChniques to flnd phase
mE- ; space regions with good signal
10 "= c
3 / and background separation

o;
10 el - Measurements of low cross-
": i M 0] section SM processes like single
g 1 O (hi=S0GET) \ - top, WW, WZ and ZZ, are a

3
0 107 G (Gey proof of principle.
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How do we search?

D@ Single Top 2.3 b’

_ . % i Data ¢ W+jets Il
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Measurements of low cross-
section SM processes like single
(M,,=500GeV)

1o 1 O i /L \4 . top, WW, WZ and ZZ, are a
’ s (Ge proof of principle.
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—
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Overview of the Fliggs sz

Gluon fusion

VH

Overwhelmed by
multijet production if
searched for in gg—H

* Common challenges:

H—bb V=W-lv, low mass

< [H—bb V=7Z-Il, low mass
H—bb V=Z—-vv, W-Alv, low mass
H—yy Low mass Low mass
H-1r Low mass
H-oWW-olv+X V=W-lv, High mass
H—->WW-lvlv High mass
H—WWlvjj High mass

- lepton and jet id, missing transverse energy (MET)
reconstruction, b fagging, QCD estimation, systematics

* Recent improvements:

- Beftter trigger and b-tagging algorithms, better lepton ID,

improved dijet mass resolution

May 3, 2012
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* H>WWO®is very important for Higgs
searches for m, > 130 GeV

- Searches in dilepton channel led to the first Tevatron and LHC

exclusions
. . . — 100 _IV”
- Ivjj has ~6 times bigger £ oF v
cross section x Branching il
T s
* but also huge W+jets %’ E
background 6 wp
10 @ _— T
e on the other hand, we can T LSRN T
m,, [GeV]

fully reconstruct Higgs mass
for m,>~160 GeV

* Tt has the same final state as WH—Ivbb before b-tagging

May 3, 2012
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| H> WW m [GeV] |

Reconstructing tne signal

 Real Missing E. (MET) is
coming only from W-lv
m(W)=E(W) =[p(W)f
m (W) =[E(e)+E(v)]'~|D(e)+p(v)[

rooF - we can derive p_ and thus
0] full momentum of neutrino
—E Generated
00 m, =160 GeV - we can reconstruct full
e Higgs mass
0100| = I15['.II I I25{?!I = I?.IZI{} I l?ﬁ:vaG_et{l’]i]
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Search for the Higgs boson in final states

with onz lepton, MET and at lzast two jets

D{E Preselection.
DQ "Mode [ing\

D“'uwd:'i <_hon-tagged, 6 'tagg ing_\ ta

Final Result’

%

f&esuﬁ"

% + other ‘}[iggs

searc ﬁ C ﬁcmne [S
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« Missing E_

. © 7000
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8.6000
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p.> 15 GeV

May 3, 2012

Lidija Zivkovié. Closing in on Higgs

electron, tight, 2-jet, pre- b-tag

. DJ work in progress
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4000

* At least 2 jets:
- jet p.> 20 GeV
* QCD reduction
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lec
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N D work in progress
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it
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§4000

- electron faking jet
£10000
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* Triangle cut between 2000

transverse mass and MET
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Selection
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;96000 n D work in progress
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Modeling of the background

* We model background processes with Alpgen+Pythia, Pythia and CompHEP

* Normalized with the highest order cross section available (NLO or better)

Z+jets

G~0O(10° ph)

g

Multijet (QCD)
from data

May 3, 2012
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: q
q
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Modeling

V(—Iv)+2 jets, Tight Double Tag I I
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Modzling of
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V(—Iv)+2 jets, Tight Double Tag I 1 I q
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NHRBITY /\/\Qd/ll(lj /]

* Our generators do not
describe vector boson (W

or Z) p, correctly

* We measured differential
cross section do/dp.“ and

used that measurement to
correct the Monte Carlo

May 3, 2012

(pb / GeV)

DAC

Z
T

oidp

rground - Z p.

—

| T I"i'ilml
RRY

= D Run II, L=1.0 fb' —4— Data
—— NLO pQCD + corr.
He =M= M, ® p'Zr
CTEQ6.6M PDF
==+ ALPGEN
po=n_ =M @p’
CTEQ6.1M PDF

% (a)
Ziv*(— up) + jet + X
65 < M,,< 115 GeV, |y < 1.7

-
. ) S
Rcone=0-5: pJ:t > 20 GeV, h)etl <2.8 b
11 | 11 1 I 1 1 1 I 11 1 I 11 1 I 11 1 I 11 1 I 1 1 1 I 11 1 I 1 1 1

- =4~ Data / ALPGEN

| — NLO pQCD / ALPGEN  sssss= PYTHIA / ALPGEN
L X2 Scale and PDF unc.

=== SHERPA / ALPGEN

20 40 60 80 100 120 140 160 180 200
P (GeV)
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ongdeiry Modeling of the background - W p.

Calculated with FEWZ  ratio Wiz NLO
1.1

* To determine the correct shape of
W p. we compared it to the 1 ‘ atowiz |

measurement of the Z p.. o. N
corrected to the predicted NLO 0. \\

ratio W/Z

! S X
ratio between W and Z p_. 0 S
- Compare to data to correct the :
r'emaining difference 3 10 t 100 1000
p
Data
B e electron, tight, 2-jet, pre- b-tag _ electron, tight, 2-jet, pre- b-tag
o ; : ’ ’ !DQ work in progress % 70005 DY work in progress
3 7000 — & 7000 —
Wic 5 o = -
3 6000 6000 — WH
=T P
Z+it E 5000 .ot 25000 witia — H->WW
] E o ok o =
I - a000 - = = 2 -EE! m_ =125 GeV
- :b 3000 =+ E"_“_ - -E* (s*2000)
g coetr 2000 f—_ U - Esm
- 1000 ;' i‘;ﬁ 1000 !15.5%
- \

7z 0 20 40 60 80 100 120 140 160 180 200 0 20 40 6o 80 100 120 14°w(1_6>?v) p”?;evi“
- W(-lv) p_, GeVic T
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Wodeling of the backgrounds - jet angles
* MC generators that we use do not describe jet angles correctly

* Correct distributions based on data, inclusive Z+jets and other
generaTO r‘s . electron, tight, 2-jet, pre- b-tag i electron, tight, 2-jet, pre- b-tag _+_ e

o DY work in progress 8 - DY work in progress - Multijet
e ?,; 3500 — % 4000 §C / l L Z / Z E s
n —— ln <tan ( —_ ) ) ‘E 3000 — %35002— entra lly o visible Pr visible Wac

2 25002— ﬁ% before rewel _gwhtl ng “E_% R

2000 o " g <+ 5 " "
D-O vs Vjets channel SUPER RATIO E = = 2000 e L
N 1500 — g _ﬂ* C ol o Z4C
L i | =t R -
1.8 1000 - Y 2 =
- e o 2 : N
16
500 500 — it
14 =
1.2 1 15 2 25 01 02 03 04 05 06 07 08 09 1 - single-top
2m Leading jet n Centrality with Lepton and All Jets
1 . . . . wz
electron, tight, 2-jet, pre- b-tag electron, tight, 2-jet, pre- b-tag -
08 8 F DY work in progress 2 4000 DY work in progress WwW
0.6 S 35001 S -
2 - 3 3500
— K
c c
0.2 ® = @ 3000
2500

Y I
%95 2151050 05 1 1.5 2 *“%EE -

20 2000 s %,  after reweighting =
=" 5

: Y . =
1500 — ey —_E, r & S
— WH - 2 . !
C T = =
1000~ &= i - o R
— H-WW N g 1000 ¥ -
C . E
— 500 — r -
m =125 GeV - s00k o
I
x -%.5 - -1. - -0.5 0 0.5 1 1.5 2 25 0() 01 02 03 04 05 06 07 08 09 1
(S 2000) 2" Leading jet 1 Centrality with Lepton and All Jets
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ENN \/» & < & d
A o /ields after selection
L=5.4fb? Number of Signal Events

Higgs mass [GeV] 115 | 125 | 135 | 145 | 155 160 | 165 | 175 @ 185 | 195

Gluon fusion signal 2.09 | 6.85 | 15.46 | 26.73  37.32 # 44.03 | 45.00 | 39.29 | 30.00 | 23.49

Additional signals | 16.67 | 11.33 | 9.1 | 822 | 753 | 844 | 8.67 | 8.16 | 6.96  6.21

Data Total Background | V+Jets | Diboson Top QCD

L=5.4 fb* 67627 67627 52140.9 1584.5 2429.6 11471.9
* Include everything that has lepton, missing energy and at least two jets

- Added almost 20% @m =165 GeV

- Lower masses dominated by the WH signal

* Expected 53.67 signal events for the Higgs mass of 165 GeV, and 67627
background events - s:b~1:1300

 But

- Uncertainties on the background are larger than expected signal

- Simple counting experiment will not work.
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Multivariate tec

cnniques

* Multivariate techniques are more powerful than simple cut method

- They exploit correlations between different observables

* One output, usually between O (background like) and 1 (signal like

events)
- . NN
0.3~ — Signal
: — Back -
Good | ot -
Separ ation
power Af [ \
T 20— 500 \L
H— WW m [GeV] \ \ \
>
e channel, My = 160 GeV P '//j -/
Well > 8000 _ D@ 5.4fb! (c) i Da%s//vv
modeledS eoo0f . Ve
B 4000F 1 B Top BDT
) C Dib
= 20005 T — Silgx?:f)f 200
0200 400 600
WWmass (GeV)
May 3, 2012
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o 3 E. _ ‘ .
.510 -
% 10?
=
v 10
o
10" D@54fb1
0 0.2 04 06 08 1
RF output

—+ Data
V+jets
Mg
il Top
Diboson
— Signal,
M =160 GeV
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* Uncertainties affect both the normalization (luminosity, cross
section,...)

Background Signal

Luminosity

Cross section
QCD nomalization
lepton ID

6.10%
3-10%
20.00%
3.00%

—+ Data
V+jets

Mg

Il Top

Diboson
- Signal,
Mi=160 GeV

May 3, 2012

; 0.6 0.8 1
RF output
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* and the differential distributions (Jet Energy Scale, ID and
resolution, QCD shape, reweighting)

Fractional Uncertaint

6.10%
10.00%

3.00%

[ Bkgd W+ip S

0.08f
o.osf
0.04F
0.02f

-0.02fF
-0.04
-0.06
-0.08

hape systematic: D0_VCJ |

0 :

05 06 07 08 09



Limnits on H—WW—lvjj

* When we don't observe any excess in data we set limits on

production

* Use RF output distributions as discriminant to set upper

limits
* Combine electron
and muon final states

 The first result on the
search for the Higgs
boson in this final

Limit /SM prediction
)

-------- - mmmmm QObserved Limit -

--------- _ - wmms Bxpected Limit

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

state ?
) 120 140 T 380 500
DO (5.4 fb") Exp. Obs My (GeV)
M,=165GeV 509 4.01
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o-tagging
* Several b hadron properties can be

exploited to tag the b-jets: \ Jet
- long B lifetime (1.57+0.01 ps) Disglaced.tra

- high mass (~5.2 GeV/c2)

Displaced Tracks

Decay lifetime p Z e
- high charged decay multiplicity ., ’jw
Primary vertex
(4.97 + 0.06) - more tracks | $’” K \Dle;:tay
P ertex
* Combined information used in Prompttracks S
, , rimary Collision
multivariate tagger
_ _ x10° V(—Iv)+2 jets, Pre Tag
S 2 5ol D@ Preliminary, L=0.7 fb™ —+ Data_
‘E‘ 65— | —— NN Moriond 09 g s Bl Multijet
.E - NN Summer 09 ] w E AL V+If
ﬁ 60: —$— MVA BL Summer 09 — ,Ll _ 40—_ SB_lSOOO :‘%"’hf
E E +13%signa|!' // E e B single-to
55__ ..... ’7 \‘ - 30-— =) - -va p
- x| - 0K [ Signal (x1000)
S50 ~ 1 =%
e TJ/V / 20 « R M = 115 GeV
45; R J 0% fakes 1] p,>40and 0<n|<0.8 10:_ .-
40 -
S E ¥ S ¥ S S S %50 100 150 200 250 300 350 400

fake-rate (%) Dijet mass (GeV/c?)
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o-tagging
* Several b hadron properties can be

exploited to tag the b-jets: \ Jet
- long B lifetime (1.57+0.01 ps) Disglaged tra

- high mass (~5.2 GeV/c2)

Displaced Tracks

5 . o o Decay eliog ~ - ondary vertex
- high charged decay multiplicity ., /f&
Primary vertex
(4.97 + 0.06) - more tracks | — Decay
9 - Vertex
* Combined information used in Peomagagke _ o
. . Primary Collision
multivariate tagger
o x10° V(—Iv)+2 jets, Single Tag
S - 2 [ DO Preliminary, L=9.7 b —+ Data_
? 65—-| —— NN Moriond 09 g 5'_ -Ml-lltlle't
2 - NN Summer 09 — N V+If
£ 60: —#— MVA BL Summer 09 %iﬁ L - S:B=1:875 V:hf
8 f e f// * = -Eingle-top
° 55;_ ..... : 9\' : 3:_ == VY
= g i 7‘ E = [ Signal (x200)
S50 T ;//‘.4 Il
- ﬁ/ 1 / 21 - M = 115 GeV
45E e l -50"/°fa‘ki!| p,>40and 0<|n| <0.8 1:_
401 g
0 02 04 06 08 1 12 14 % 50 100 150 200 250 300 350 400

fake-rate (%) Dijet mass (GeV/c?)
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o-tagging

Displaced Tracks

* Several b hadron properties can be
exploited to tag the b-jets: \ Jet
- long B lifetime (1.57+0.01 ps) Disilaced ra
- high mass (~5.2 GeV/c2) i ol
- high charged decay multiplicity | B ;}W“’“"
(4.97 + 0.06) - more tracks | ”"“? K Decay
- ertex
* Combined information used in Prompt tracks

. . Primary Collision
multivariate tagger

V(—Iv)+2 jets, Tight Double Tag

= ~ : n o
S L (fageer = D@ Preliminary, L=9.7 fb™' —+ Data_
? 657—----T—?iNNMoriondns 5900 -MUltllet
2 - NN Summer 09 ] 800 V+If
£ 60: —#%— MVA BL Summer 09 .Li" u S:B=1:150 V+hf
W o e 700 )
- Wsig"iil — 600 __L-f_ =3$gle-top
- Xy ) 200 = [ Signal (x50)
= L / M = 115 GeV
45; R J 0% fakes ] p.>40and 0<n|<0.8
40
0o 02 04 06 08 1 12 14 %" 50 100 150 200 250 300 350 400
fake-rate (%) Dijet mass (GeV/c?)
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* Multivariate tagger allows for 2jets excl. 3 jets excl.
) . . O ta
different configurations 9 H o WW - 1vj
ey e . 11 t
=> Increase sensitivity of the 00se 18
1 tight tag
search
2 loose tags WH — Ivbb
2 tight tags
i B
[ ] :u:"et ds0|- DO Work in progress
Wic gﬂﬂ:—
- bl+b2 2 jetsexcl. ~4fb’
" 250 2 Tag Data H— WW
2+
200 B pretag 42102 2.9
- :
- Z+b 150 0 tag 31656 2.2
tf m? 1 loose tag 6711 0.5
B e ¢ 1tighttag 2724 0.2
- 2 loose tags 597 0.0
-H % 01 02 03 04 05 06 07 08 09 2 tight tags 414 0.0

— WH

May 3, 2012 — H-WW Lidija Zivkovié. Closing in on Higgs

Furtnher optimization with b-tagging

4 jets incl.
WH — WWW
vbf H - WW

ttH

125

WH WWW
5.6 2.2
0.8 1.5
0.6 0.4
1.8 0.2
0.5 0.1
2.0 0.0
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WH — lvob result

* S/B in the most sensitive * Signal extraction relies on
channel: O(1/100) multivariate techniques
V(—Iv)+2 jets, Tight Double Tag V(—Iv)+2 jets, Tight Double Tag
-'g D@ Preliminary, L=9.7 fb' —+ Data 4"-':"900 D@ Preliminary, L=9.7fb' —+ Data
] B Multijet 9300 B Multijet
(L V+lf @ Vlf
S:B=1:150 = V+ht 700 V+hf
- = :tsiingle-top 600 B :(stingle-top
pade 4 VvV 500 VvV
4 [ Signal (x50) A = [ Signal (x50)
M =115 GeV 300
200
100
00 50 100 150 200 250 300 350 400 l3—1 -08 -06 04 -02 0 02 04 06 08 1

Dijet mass (GeV/c?) Final Discriminant

DJ (9.7 fb') Exp. Obs
M, =115 GeV 3,15 3.96

M, =125 GeV 4.81 6.25
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i Low Higgs mass -VH—E bb

Remove events with low E_

- H

ZH — vvbb o

significance (*£/0y) * Excellent b-tagging, trigger
S [ S Z.Hﬁ\fvb!o.AHFEV.S'.S.S.amg!eﬂeb*aql modeli ng and measurement
; sE. DO Prellmlnary (9.5 fb™) E . .
5 Bl 1 ; of the missing energy
g 2°5—5:::5'1,, - i I| E

* Multijet mostly from the

1o mismeasurement of jets QCb Di-JEb)
> 2nd jet
| DO (9.5f") Exp Obs 8t
- — Fake Missing E
. .E,.S|gn|f|cance. . M|.| — 1 1 5 Gev 3.0 2.5 lf“jet T
Dedicated MVA against multijet M. = 125 GeV
events + medium b-tag H ™ ev 43 3.8
" ><103 _ ZH—)VVbb IAnzvll\:ms sample (Medlum b taq) " N ZH—>vab Analv5|s sample (Medlum b taq)
4 Do Prellmlnary (9.5 fb h - - Do Prellmlnary (9.5 fb )
E -Tup 9__ 500:— =Tup B
. Final S - )
MVA 300_
-0.8 -06 04 02 0 0.2 04 _0‘_6 08 -08 -06 04 -02 0 02 04 06 0.8 :1
Multijet DT Final Discriminant

May 3, 2012 Lidija Zivkovi¢. Closing in on Higgs 46



* Select events with two leptons consistent
with Z boson, and 2 or 3 jets
- Excellent modeling of Z+jets is crucial DG (9.7 fb') Exp Obs
* To gain maximum sensitivity several lepton M, =115GeV 4.2 3.7
ID criteria are used LU
» Low missing E_ allows for a fit to improve
dijet mass resolution
"% 1800 ;—Pretag D@ Preliminary, 9.7 1b™ ‘% a0 E _DoubIeTag D@ Preliminary, 9.7
"Wl preteg =2 | uE =

Low Higgs mass - ZH—1lbb

ol

ZH - 1lbb

=125 GeV 59 6.9

Dielectron mass [GeV] Dijet mass [GeV]
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Events

20 Double Tag D@ Preliminary, 9.7 fb™
& —e— Data
—— Z.LF
- Z+bb
70 2b tag - Zic
Top
80 Diboson
50 B Multijet
....... ZH x 20
40
30
20
10
0 i T o SN g L S s - L
0 01 02 03 04 05 06 0.7 08 09 1
RF Output



Validation of The searcn

* Tevatron has measured * The latest is the W/Z+Z — bb
many SM processes - ~4-5 higher cross section than

. Some of them with very low the Higgs signal with m , = 115 GeV

cross sections - Exactly the same analysis
WIZ+Z—bb:o=(1.01+0.21)X0y,

B <, 1200— Tevatron Preliminary, L <95 fo’
£ 10° = Tevatron Run Il SM Cross Sections % - 142 b_Tagged Jets "
_§ ;D o o/e DO pub./prelim. Q) 1000 -
S L /o CDF pub./prelim. o B -+ Data - Bkgd
w 107 oo Theory o~ 800 — Bkgd Uncert
g | 95% CL upper limit = - e |
S 4ok £ 600
§ c - [1ZZ
B O B
-§ 102 = = o gO L|>J 400 __
e F N
- ] 200
10 E_ . oo -
- - ; Us
1= [IJ M,.=160 B
g TT 2001 | | | | | | |
107 — Iy 0 50 100 150 200 250 300 350 400
w 2 W Wy et 2 Hw%

Dijet Mass [GeV/c?]
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Cormbining channzls
* Our goal is to understand the theory of the SM Higgs boson

- The answer is either "The SM Higgs is there" or "It's not there"

* We test our data for compatibility with one of two
hypotheses:

- SM+Higgs or SM-Only
* Combine many channels: D@ + CDF

Channel \/ Luminosity (fb™') mpy Range

W H—£vbb, (3 b-tag categories/2,3 jets) 0.7 100-150
ZH—vibb, (2 b-tag categories/2,3 jets) 9.5 100150

ZH—£¢bb, (2 b-tag categories/2,3 jets) T 100150
H—-WtW—— vy, (0,1,2 jets) 8.6-9.7 115-200

VH —etpt+X 9.7 115-200

VH —eep/ppe+X 9.7 100200

VH —117p+X 7.0 115-200

H—W W ™ —4fvqq 54 155-200
H+X—p*rf + < 1j %3 115-200
H+X—£ErF 155 4.3-6.2 105-200 i,
H—~yy 9.7 100-150 i
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The new Tevatron lirmit

e The new Tevatron exclusion

- Higgs mass is not between 147 and 179 GeV @957% CL

(141-184 G2V expecied)

- In addition, region between 100 and 106 GeV is excluded
(100-119 6GeV expected)

Tevatron Run Il Preliminary, L <10 b’

E ----- Expected I I I
= ==  Observed Tevatron
E 10 | W - +1cExpected - Exclusion -
(4]
- =
"-: K
~0 =
P =
(7] ®
-
1

February 27, 2012

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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Tevatron Run Il Preliminary, L <10 b’

TeV (<10 fb') Exp. Obs
M,=120GeV 1,01 2.36
M ,=125GeV 110 2.22
M,=130GeV 112 2.52

95% CL Limit/'SM
—t
o

Tevatron Exclusion’

Expected
w— Observed

- N 19 Expected
| +20 Expected

Tevatron
Exclusion =

February 27, 2012

May 3, 2012

100 110 120 130 140 150 160 170 180 190 200
m,, (GeV/c?)
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Quantifying the excess

aQ = [
2 oL Tevatron Runll Preliminary ~ ~— :i:;i";::lgmw o 3.5 Tevatron Runll Preliminary
z SM Higgs, L <10.0 fb” T P E | <1001
o I Cereead = 3F —e— Best Fit
C [
T o B 25F Bl sd
o 107 m &
= =
% » [, ™ ™ " " " 2c 2 -
m 10 =
1.5F /\/\
3 PRS- - AR - - - 3o - n
10 /e '
10 0.5F
------------------------------------ 4 s ;
10—5III[IIlIIlIIIIlIlIIlIIIJlIII IIIIIIIIIII DIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIII-|.IIII|IIII
100 110 120 130 140 150 160 170 180 190 200 100 110 120 130 140 150 160 170 180 190 200
February 2012 Higgs Boson Mass {GeWcE) Feb 24 2012 Higgs Boson Mass (GeWcz)

* Local p-value distribution for background only expectation.
« Minimum local p value: 2.7 standard deviation
o Global p value with Look Elsewhere Effect: 2.2 standard deviations

* Best fit for the signal, signal strength, consistent with SM within 1o
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How the signal would look like

Real data
o 40
= - Tevatron Runll Preliminary EJLLR, +1s.d.
o B _ y [CJLLR, +2 s.d.
- 30 SM Higgs, Linti 10.0 fb SenLLE
E g naw LR
=20 F — LR
i~ -
= r
2 10
-

o

-10

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
100 110 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass (GeWcE)

* If there is a signal, how would it look like?
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o

-10

Real data
o 40
= - Tevatron Runll Preliminary ElLLR, +1sd.
o - _ y [CJLLR, +2 s.d.
- 30 SM Higgs, Linti 10.0 fb SenLLE
_E g naw LR
=20 F — LR
i~ -
= r
2 10
-

ST R AT A U A S N AU S A A RO T B A S AN SN AN VAN AU AN S A AN W A A A
110 120 130 140 150 160 170 180 190 200

Feb 24 2012 Higgs Boson Mass (GeWcE)

May 3, 2012

LLR = -2In(Q)

How the signal would look like

30 signal injection

Tevatron Preliminary Higgs Projection

R
o

40
20

-40 -

_I L1 | | I 111 | I 11 | | | | 111 | | 111 | i.l'l-.l | | L1 1 | | 111 | | 1111
100 110 120 130 140 150 160 170 180 190 200
m,, = 125 GeV Signal Injected m,, (GeV)

If there is a signal, how would it look like?

We injected a signal with m =125 GeV and scaled a luminosity so

excess would be 30

- Expect broad excess over a whole mass range

Lidija Zivkovi¢. Closing in on Higgs
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Expected Limit/SM

May 3, 2012

2xCDF Preliminary Projection, m =115 GeV

_____________________ Summer 2006 July 2010
It —— Summer 2007 —— July 2011
—— January 2008 2 —— February 2012

Summer 2005 —— MNovember 2009 e

December 2008

Sensitivity Goal

4 6 8 10 12 B
Integrated Luminosity/Experiment (fb™')

Recent improvements include
MVA for EM id and b-tagging,
improved frigger, improved muon
smearing, improved jet energy
scale and resolution, improved
dijet mass resolution, improved
background modeling...

Tevarron progress

* Projected median expected

upper limits on the SM Higgs
boson cross section, scaling
CDF performance to twice the
luminosity.

The solid lines are 1//L
projections, as functions of
integrated luminosity per
experiment.

* Improvements better than

expected from 1//L
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Higgs future
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Tevatron vs. LAC

I I I I I I I I
o(pp — H + X) [pb]
_ . : Vs = 1.96 TeV
s pPp/pp cross sections I MSTW2008
Elﬂ T T TTITT] T R T T 1 gg—H m; = 173.1 GeV
© : c 1

o tot - O ai—oWH
10 "¢ = T LT H LT,

u: g - p1p 9@ e =
10 3 ;-: _,.,--""fﬂ‘ r d4q—aq "'""---.._._"”:: ............. ]
o] S
1010, Gm;/ 101 | ]

E / pp—tiH
of
10 "¢ /
F —
10 5. G. (Es 9 /ff*“",,,_’f’" 001 p— : : : : p—
e (N> 15/20) = 114 120 130 140 150 160 170 180 180 200

6 Oz / | | | R
1075 0, B> 100Gev) N ey Ns=7TeV 7

s —10 =8
107 < = 1

n: / T 43
107 / // ! i

af Q 1 =
103- _ / 2 £

o . Glt @) ]

1020 Gj“{Ef:'}w';M-} ]

u L |

10 £ Opiggs My=150GeV) 10 E ]

1 B |

- Oy (M =500GeV)
10 -1 ng'gs ] " Ll I\ 1 1 10-2 =3
3 4 -
10 10 \§(GeV 1 ‘ . . L
100 200 300 400 500 1000
M, [GeV]

May 3, 2012 Lidija Zivkovié. Closing in on Higgs



:-\rwm M - . Py -l ’
A o rliggs at LFIC

* Some years ago I had in my talk the following sentence:
“The SM Higgs boson will be discovered or excluded in the first year of
physics running”
- This was with expectation of 14 TeV run and with 10 fb™ collected in that
first year

* Today, with 7 TeV and 5 fb" SM Higgs boson is almost excluded and almost

found

10 [ I T T T 1 I T I. 1 .I ‘ T I T T T 1 T 1 I T 1 1 I I T ] : ! T i T i i T i :
-~ ATLAS Preliminary 2011 Data I - Exp.  Obs. Exp.  Obs. .
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B —— Obs. A ] - S A BN ez “‘(f;‘;b’) -
B Exp_ Ldt=4.6-4.9fb i — - H— WW= viv (4.7 o) HoZZ ol @77 -
i B+1o s =7 TeV ILdt~4.649fb Vs=7 TeV

| [ 1+2¢c

95% CL limit on c/cg,,
o
LI IIIIII|
1 IIIIII|

95% CL Limit on G/GSM
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Higgs at LHC

* It is expected that Higgs boson will be seen this year

- Both experiments see excess around 125 GeV from yy (and ZZ)
channel(s): ATLAS: 2.50 (LEE: 0.50) and CMS: 3.10 (LEE: 1.50)

s L I — T —
& | ATLAS Preliminary 2011 Data | e F - crp. ks RE
§ - — o) e e
c 10 Qbs. -1 c B —— Hosbb (4647f7) e Ho ZZ ligq (4.7 fb) 7
(@] - EXp. Ldt=4.6-49 fb . (o] — —— H—o WW= Iviv (4.7 167) LR Ho ZZ- vy (4.7 Tb7) —
E E E i;c; Is=7TeV E E 10 = J.Ldt ~ 4.6-0.9 b, Ys=7 TeV =

i _ _ - 3

&) i | O - .

2 s L o i
o SN\ . 5 "

- = 1 E_ ............................ _E

CLs Limits 10 ATLAS 2011 Preliminary CLslimits  —

R I N T T T P ST R A T S

10777910 115 120 125 130 135 140 145 150 100 200 300 400 500 600

m, [GeV]
my [GeV]
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Higgs at LHC

* It is expected that Higgs boson will be seen this year

- Both experiments see excess around 125 GeV from vy (and ZZ)
channel(s): ATLAS: 2.50 (LEE: 0.50) and CMS: 3.10 (LEE: 1.50)

* H— bb is not the most sensitive channel

= O L L L L L O S AL B — —— T =

& | ATLAS Prelminary =~ 2011 Data | e cxp. ke cep. o 3

L o o ——— Hoyy (491b° -—--- Hs WW = vqq (4717 ]
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: : i3 =
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Higgs at LHC

* It is expected that Higgs boson will be seen this year

- Both experiments see excess around 125 GeV from vy (and ZZ)
channel(s): ATLAS: 2.50 (LEE: 0.50) and CMS: 3.16 (LEE: 1.50)

* H— bb is not the most sensitive channel

ATLAS Preliminary
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o
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R H— ZZ- vy (4.7 b7

m
o
O ]
-]
| 1 1111l

j Ldt~ 4.6-4.91fb",{s=7 TeV

a
L 14—
©O .
6 12F
= -
= 10_—
_i L
O 8__
2 -
Yo L
(0] 6—
4
2F-
o: :

May 3, 2012

T

|115| 1 1

AR I SR TR SR N S T
120 125

10 CLslimits  —

. " 1 PR S S S T SN N R S R B
130 100 200 300 400 500 600

my, [GeV] my, [GeV]

Lidija Zivkovi¢. Closing in on Higgs

61



rinding the Fliggs boson
* We may discover Higgs boson in 2012 inH — ywand H — ZZ — il

- Afterward we need to verify the nature of the new particle

* Measure its mass, width and spin

68% CL: ATLAS + CMS

* Measure its couplings e + 7Tev.20m

g;i=0 g +£“i} 14 TeV. 30 b no D5
08

* Recent study shows that it would be  os; Rt

04

possible To measure coupling to a 02 . '
b-quark with a precision of ~80% if o { EHE E

0.4

mass is 125 GeV, with 7 TeV o] S
-1 08} .ry. | P o
and 20 fb R R Ry

- Tt would be ~30% with 14 TeV and 30 fb’!

* H — bb will be very important channel in the next few years of
the LHC Higgs program
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Current status ot VH — Vob searcnes
* Both Atlas and CMS presented results with a full dataset

« Atlas and CMS: select leptons and jets with higher p_, higher MET,
introduce cuts on V p_, more cleaning cuts, only one b-tagging

category (limit between 2 and 3 times o, )

« CDF and DO: lower lepton and jets p_, less cleaning cuts, multiple
lepton and b-tagging categories, excessive use of multivariate

‘rechniques %\ 7()()?— D@ Preliminary, 7.5-8.4 fb'
. O 600 —+-Data - Bkgd
- Mcmy precise measurements S 5000 + — Bkgd Uncert.
. : S oot W7
performed, some still on their way 3 20¢ 77
= =
- The latest is the evidence of the : 200¢
diboson production with b-jets in 0F
. -100E
final state 200

0 50 100 150 200 250 300 350 400
Dijet Mass [GeV]
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v

Prospects Tor the VH - Vbb searches

2xCDF Preliminary Projection, m =115 GeV

* Great potential for improvements

- 115 Ge
{._0_- """"""""""" —— Summer 2005 —— MNovember2009 i
_ UnderSTanding Of The SM E ..................... : TEEEZ:ZDD? — JEI:ZBH ..........................
: : 310 B\t — Dsosmparioce EE_Senitviy Gos
processes is crucial N ¥

* Recent development with jet
substructure techniques can further 1
Increase sensitivity

- MonTe Car'lo S’rudy ShOWS po"'en‘hal of 0 2 IntggratedeLumlngsuyIE;(?)erlmgﬁt (fb" 1)4

3.70 QVidence for' Higgs WiTh mass of '1-920_—“(?)||||||||||.||.|||\||||‘||||\||-|||||||;:
] 1 5180 A'TL|AtS preliminafE \Tﬁgfs E

120 GeV with 30 fb™ and 14 TeV 2 oop |
[ VvV .

w14; '=E TtaIS 135B= 2037

— - /
F : = Range 112-136GeV
. 212 : .
% r / ]
=10 I 12 ]
| l.Ll : N / :

8-
\L\ ) C ‘ 62— N N\
AN . aF
* * * 25 >N\ VA4
i - Q556" 40 60" 80 100120 140160180 500

iy Higgs mass [GeV/c?]
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surnrnary

: The year 2012 will be very exciting
- Tevatron experiments excluded Higgs boson with masses
between 147 and 179 @95% C.L.
- LHC experiments narrowed down the allowed region to
122 5-127 GeV

* Both Tevatron and LHC see an excess of ~2.50 above
background prediction

- Higgs boson will be found or excluded
this year

* If found, the next step may be even
more difficult - to verify its nature
- Every possible channel will play a role

- Tevatron experiences will help these
efforts
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Beyond Higgs
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It no Higgs boson

* Still need something to unitarize WW scattering

- Final states will often contain pair of gauge bosons

- W + 2 jets will play a crucial role in investigations of
these processes

- Since W/Z bosons will be boosted, jet substructure
techniques will be powerful tools
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* Many extensions of the Standard Model predict new

gauge groups with associated spin-1 gauge bosons

%]

May 3, 2012

- They can decay to two bosons

- For high masses W(Z) is boosted, decay products are close

* Two jets are merged into one single heavy jet

T

% Drawn by T. Gadfort

pr(W) >> My

- M{W') = 300 GV
-8 W{W) = 400 G
(W) = 500 A8Y
il -8 MW} = 600 CaY
MW = 700 AsY

W) = B0 GV
W) = 000 sV

high W'
| mass

b 50 100 150 200 250 800

Leading Jet Mass [GeV]

Events

D& Run Il Preliminary  KS=0.77 L=54fb"

* Dotn 174.0
Clzy'rras
s br12a8
[ Mt et 4.5

(linear)

iy

| L.:

GOO 800 1000
Reconstructed W'-» WZ M; [GeV]

o x BR(W WZ) (pb)

;_ D, 41541 T Expected 95% C_L. limit

E vl + 105 + Ivij —— Observed 95% C L. limit
- —— oxB(W— WZ),55M

[~~~ +154d. expected limit

1072

Ivil & Il & |+jets

IIIIIIIIIII|IIII|IIII|IIII|IIII|IIIH"IIIIIII
200 300 400 500 600 700 800 900 1000
My (GeV)

At high resonance mass | +jets is dominant
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student can do in gignt weeks: 7 <

* Leptoquarks are predicted by many extensions of the Standard
Model (SUSY, GUT, technicolor, etc.)

RAWN Leptoquark or what a surmmer 2 <<

- Composite, short-lived and decays to a lepton and a quark

* Developed an algorithm to correctly assign pairs of lepton (e,v) and
jets to parent LQ

Signal 50 — 25
I —>
* Simple cuts Background 69000 —15
Sl D@,5.4fb" —4— Data (a) = I D@,54f" —4 Data (b) = D@, 5.4fb" —— Data (c)
610" = —> [ ] Vsjets (0] - [ Vjets G102 —> [ V+jets
0 E,H"._ i I Diboson ] 102 i M Diboson S £ 5 Il Diboson
,cl' 1 03 = = Top quark - F Top quark - i i Top quark
~ E - MJ o r i MJ o B A, MJ
.3102;_ B ---- LQ M=260 GeV E, 10 L ---- LQ M=260 GeV E, 10; e (4 ---- LQ M=260 GeV
e E o 3 pall & - LI,
E . L lm Sl | | 't Sl T
: ., " .—j 107 B -1
10-1 L (o 4 10-1 Jh E [1 5 1 1 =
0 100 200 300 400 500 600 0 100 200 300 400 500 600 700 800 200 400 600 800 1000
M [GeV] (M o M ,) [GeV] S, [GeV]
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Leptoquark - result

II\I]IIII|'l||I|IIII|IIlI|IIII|IIII

Scalar LQoxBR,p = 0.5

L
. '.‘ ----- Scalar LQ 6xBR,
1 [,L=0.5MLQ, B =0.5
e Scalar LQ 6xBR,
u=2MLQ’B =0.5
s w: 95% C.L. Expected limit
i\sw — 95% C.L. Observed limit
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Vector quark

* Many new theories predict vector-like quarks:

- Little Higgs
- Warped extra dimensions

- Universal extra dimensions => lowest KK excitation of SM fermions

comprises a vector-like 4th generation

* Vector-like quarks are:
— Fermions despite the name

— Their left- and right-handed components transform in the same way

under SU(3)xSU(2),xU(1)

« 2" jet in Qq->Wqq signal comes from SM quark produced in association with

vector quark
=> forward, relatively soft

* Direction of 2nd jet is correlated with
production of VQ/anti-VQ, and therefore
correlated with the sign of the lepton in
W decay mode

QIer) A r]iet2 >0

M, =600 Gev

MNieez

"~ — Qlep x njet2

Lidija Zivkovié. Closing in on Higgs

28 2 168 -1 05 0 05 1 15 2 25

n

71



Vector quark

» m_(l+v+lead jet) used to search for a signal

* In the absence of the significant excess, limits are set

DO, L=541

> Q. — Observed Limit
& —+— Data el DO, L=541t" - Expectsd Limit
2 (@ [ V+jets ’g - . Expected Limit =2 5.d.
~10°F B Diboson = [ B Expected Limit =1 s.d.
n C B Top 1 , LO Prediction, & =1, %, =0
= : I:l Muﬂljet 8‘103 = ——————— LO F'redictir:rn,r_;d,_,z‘l,EuD:U
& 100 — O, = Wq i
S m,, = 500 GeV L -
- a [
i o
1 T 10° §_
: e — T T T — :|||||||||
0 600 800 1000 120 300 350 400 450 500 550 600 650 70(
MY (GeV) m,, (GeV)
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DZ DAQ) and Trigger System

Detector - —_—
Levell Level2
Co;gg?gent 1.7MHz Buffers 1.5kHz Buffers 1kHz

R
LLeveH ,I L Level 2 ‘
» 3 Trigger levels

Trigger Trigger
P Full event readout after L2 Accept Accept
accept

» L3 output ~12-30 MB/s

—~——_
Collector/ Level 3 Level 3
DatalLogger| = Router - Toger - DAQ -
Next Slide

» | Feynman
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L3/DAQ Data Flow Chart
MCH1,2,3 (1) DAB?2
Supervisor

CPU

Farm | —

CISCO 6509 CPU
Ethernet
Switch Farm Data-

ethernet
concentrator

SBC ethernet cPU ! Iogger
— concentrator . ( 4) :
ROCL~ 0 MCH1 :
sec| 400 .
e Trigger
(3) All ethernet Framework
TCP/IP (TFW)
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May 3, 2012

* L3 Supervisor: Interface with

COOR:

Start of a run:

(1) Pick crates with CRATER

(2) Download trigger with TAKER
(3) COOR tells Supervisor who is
in the run

Supervisor Sends Run Info:

(1) Crate list, farm node list, and
trigger information — Routing
Master

(2) L3 trigger programming sent
to farm nodes

L3/DAQ Data Flow Chart

Routing Master:

Serves two purposes - Event
routing and Connection to Trigger
Framework

Event Routing:

(1) Choose farm node (free
buffers)

(2) Tell farm node which crates
To expect

(3) Tell SBC where to send data
Connection to TFW:

(1) Collect trigger bitmask

(2) Apply L3 disable if no farm
nodes are available
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L3/DAQ Data Flow Chart

* Process * Recap: The RM told each SBC
- L2 accept from TFW where to send their data and
- Controller — SBC “get the it told the particular farm
data” | node which SBCs are sending
- SBC stores data in memory data.
- Match route number and event
number * EventBuilder strings together

- If fail, event is dropped all the SBC data fragments

- Send data to farm node into an “event".

determined by RM
 EVB will wait for 1 second for

the SBCs to send their data.

* ~300 farm nodes at the end of * If it does not receive what is
the run expected, the event is
dropped
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DAQ Shifter Station in CR (circa 2004)

DAQ Dialog uMon  fuMon L2 GUI

COOR
Connections

Big Brother
Alarm Display

Luminosity

DAQ Al B e
Problems.{xt .-geeetsses
Runs.ixt, efc... g

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

R T
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ng the event

Run 202271 Evt 30972166
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ET scale: 106 GeV

* Neutrinos interact weakly

jet
- Escape detection 97—\
| decron T S e
* Ascertain presence by absence ==\
- Conservation of momentum ==, /e
E?itial:O@E?nal:O Jet /

* Missing transverse energy (MET)
MET:E\;Sible
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+ Data
V+jets .
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issing transverse energy (MeT)
and CUU f].u]l (D)

jet
E | Hotodl | jMET? >

lepton

% 5 —— KMHT ing. + Z good jets
o I o bl gﬂ] : + good run sel.
Any calorimeter problem | 3" e
Eﬂls I;_ Before any + No qmpty;?réla
can appear as an event 2 F DO selection e e
. > 10" 00 000N NGiSe
with large MET 20'f
10° =
- Lot of "new physics” E
10°
1n:|:E fter/ ;
e N IlJlJJJJfLJL..... .
0 l‘.ll] El‘.]l] Eﬂl] 4ﬂl] Eﬂ[.'l 600 TOD BOD 900

MET GeV
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Dijet mass burmp

* Inearly 2011 CDF has reported an excess of events in the dijet mass
spectrum above the expected Standard Model contributions

« With 4.3 fb™ integrated luminosity the CDF data show an excess of 3.2
standard deviations around a dijet mass ~145 GeV
- with 7.3 fb™ significance of excess exceeds 40

* If this is a resonance from some new particle, X, then o(pp—WX) = 4 pb

I — o 2p A — eq T T T |
3500_ (@ndfs 7822181 R | e p—
% L t — Gaussian 2.3% | | e o
o i Bl WW+WZ 4.2% | -
Q * W+JetS 721 % S WW+W2Z (all bkg syst.)
I 1000’ = == Top 13.3% 1 |
= B Z+jets 2.7% ]
g) Jﬂ] ] QCD 5.1% 7 (d)
LLI | | 1
' qﬂjﬁ (©) ] j
1 I -
8 E ! BN
L sl A A IS *l’f‘f-f
0_ “1 Y e ,1:',', : . L
100 200 200
M, [GeV/c?] M, [GeV/c?]
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Dijet mass burmp

* The dijet mass distributions after fitting the SM processes

to the data
* The D data are consistent with the SM prediction
M p ~-Data N v —4— Data - Bkgd
3 1200 D@, 4.3 fb B Diboson = 300F 12@, 43 b — Bkgd +1s.d.
&) 10001 (@) LI W+Jets O 250 (b) B Diboson
= - = %;—; ets % 200 5_ .......... Gaussian (4 pb)
: 800 :_ [ ] Multijets : g ij = 145 GeV/c?
g C — Gaussian (4 pb) g 150
Z 600 — M, = 145 GeV/c® & -
- | 100F- P(x?) = 0.526
400 — 50 = -} +..
200 ok heWe e
B - It =
O r R R B TR _50__.;|I||||I||||I||||I||||I||||
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Dijet Mass [GeV/cH Dijet Mass [GeV/cH
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* Compare observed LLR to
the predicted LLR
distributions over the range

of dijet mass

Dijet mass burmp

reconstructed M i

* 95% CL upper limits on
WX—1Ivjj as a function of

LLRE

80

60

- EELLR; +1sd.
- [JLIR, +2sd.

> - D@, 4.3 fb! - Expectecél +1 s.d.
L [ ] Expected £2 s.d.
P 4 Observed
D@, 4.3 S S R BTCT - Expected

95% C.L. Upper Limit (pb)
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T R
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1 | 1 1 1 | I 1 1 1 1
150 160 170
Dijet Mass [GeV/c?]

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1
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Dijet Mass [GeV/cZ]

 For MJj = 145 GeV 95% CL

170

exclusion for cross sections

greater than 1.9 pb
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Dijet mass burmp

* For a cross section of 4 pb as Make a signal-injected mock
reported by CDF "data” sample
- Exclude af 99'?9?% cL * Composed of data + WX template
- 4 standard deviations @ 145 GeV

* The D@ data are not consistent
with the excess seen by CDF

Confirm that our studies would
find that signal

[a—y

- Expected %1 s.d.
[ ] Expected 2 s.d. ° We Clearly WOUId have seen a 4

<

Q

3

=1

5 Expected

2107 b LI 2 o

& b pb excess if it was there

2 10% < go [ EHILLR, =1 s.d. D@, 4.3 fb'!
= [ JLLR, #2s.d.

210 wf

[am—
<
o)}

40

o
(o)
K

|III|III|III|II

20

p—
()
S

(I).SllllllIli.sllII21lII2.5IIII3IIII3.5IIII4 4.5 5

Signal Cross Section [pb] 0

20
Observed Data LLR T T e
: : A0 e e L]
Signal-Injected LLR 10120 130 140 150 160 170
Dijet Mass [GeV/c’]
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JeT reconstruction

* Reconstruction:

- DO iterative mid-point cone algorithm with radius R=0.5

- Must be a hadronic shower and does not contain noisy calorimeter cells
- At least two tracks fro primary vertex

* Jet Energy Scale

W+2jet Alpgen MC —GG

- Measured in y+jets events

—QQ
- Correct energy to particle level s e
- For detector r‘gsponse, out ST Plot courtesy
of cone showering, overlap . of Adam Martin
with pileup energy > UL

* Relative data/MC correction e
- Measured in Z+jets events

- Different correction depending on o

quark vs gluon content g =

M, (GeV)
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W+jets modeling

» Alpgen does not describe data properly
- We know it from measurements
- And from comparison with other generators

0.05

0.04

0.03

0.02

0.01

May 3, 2012

Sherpa
Alpgen

= Alpgen v2.11

- SHERPA

" AR(jetl, jet2)

Sherpa/Alpgen

S.HEHPA V1 .2i3JAngen v2..1 1

2 3 4 5
AR(jet1, jet2)

Plots courtesy of Adam Martin

I'.::"HE RPA v1l.2 .3.I'Alp-gen. va2.11

+ = ) 1
n(et2)

z
Z
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DD limits

4 £ 20 [ DO Preliminary, L_<9.7 ft”" EELLR, +1sd.
% - SM Higgs Combination Ettzb e
- - s b
Bkgd_lee E 15 & e % LLHS+b
Outcomes |5 .. F — LLRge
~ 10 =
- C
S 5
—
0
Signal-Like | [ 7 v T
Outcomes
IIIIIIIII|IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIII
100 110 120 130 140 150 160 170 180 190 200

Y  Feb2s2012 Higgs Boson Mass (Gech)

« The width of the Log Likelihood Ratio, LLR,, distribution (16 and 26 bands)

provides an estimate of how sensitive the analysis is to a signal-like background
fluctuation in the data, taking account of the presence of systematic
uncertainties

~ For example, when a 16 background fluctuation is large compared to the
signal expectation, the analysis sensitivity is thereby limited.

« The value of LLR ,_ relative to LLR_, and LLR, indicates whether the data

distribution appears to be more like signal-plus-background or background-only.
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DD limits

=
¢ | D@ Preliminary, L <9.7 b’ == Observed
B SM Higgs Combination == Expected
S 10 [ Expected +1 s.d.
:E I:l Expected 2 s.d.
=
-
Q
3
T9)
o
1
-<«— | EP Exclusion
D@ Exclusion
IIIIIIIIIIIIIIIIIIlIII|I|l|||l

10E|]”1|‘:t1.)“1|20 1|30 1'40 50 160 ‘II?'D 1'80 1IE|3EI]H2|00
Feb 24 2012 Higgs Boson Mass (GeWcE)

e D@ exclusion: 159 < my < 166 GeV

« Expected exclusion of 157 < my <172 GeV

+ Expected limit less than 2*o_, for all masses < 190 GeV

DO (9.7 tb') Exp. Obs
M, =165 GeV 0.76 0.94

M, =125 GeV 1.82 2.53
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- Largest detector ina
world

- liquid Argon Calorimeter -

- excellent muon id

MUCON CHAMBERS
- T

; INNER TRACKER |
i
i i

| crRvsTAL EcaL
7

HCAL

[ -
l L~ [T
i
YERY FORWARD
CALORIMETER
N | ....................
B
e

"
] == )
' 1
. L] L]
lllllllllllllllllllllll
o !
Ay = !
V77t : '
A i gy =2 : —
oy 1 3
L/

-_----““

.-‘Vn.ii'
o ——
o Ty
=

Total Weight : 14,500 t.
Overall diameter: 14.60 m
Qverall length : 2160 m

Magnetic field : 4 Tesla

May 3, 2012

Barrel Toroid

ATLAS and CMS

Muon Detectors

Electromagnetic Calorimeters

\ Solenoid

Detector characteristics
Width: 44m
Diameter: 22m
Weight: 7000t

CERN AC - ATLAS V1997

ATLAS

Forward Calorimeters
End Cap Toroid

Inner Detector » ieldi
Hadronic Calorimeters Shielding

* CMS
- Lead Tungstate crystal
EM calorimeter

~ superior energy
resolution
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+ Characteristics:
- In signal WW pair is coming V'
from spin O Higgs boson
- Leptons prefer to point in same direction
=> Di-lepton opening angle Ag, discriminates — |

again irreducible WW background.
- Dilepton mass is small and broad

=> Discriminates against Drell-Yan

* Dedicated MVA rejects Z+jets events

* Another MVA used ’ro sear'ch for nggs

* This search
contributed to
the first
Tevatron
exclusion

May 3, 2012

Events

10?

10

107

0

E D¢ Prellmlnary E
i L=8.6fb" ]
E ee + MET E
E_ E M, = 165 GeV

D¢ Prellmlnary

L=9.7fb"
ey + MET

s DQ Preliminary —— data
W L=86fb"
ee + MET

Entries

10*
10®
102

10

10"

102

Signa
- (MH =165 GeV)

Ix1

0 20 40 60 80 100 120 140 160 180 200

M, (GeV)

DO (9.7 fb') Exp. Obs

M, =165 GeV 0.82 1.16

0.2 0.4 0.6 0.8 1

Final Discriminant

M, =125 GeV 3,77 4.23
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* Tevatron end game: * LHC 2012:

> 2.50 expected sensitivity
across the whole mass

possible evidencel

range

o 40 ,810_ SRR R R AR S RN RN AR
2= - Tevatron Runll Preliminary ElLLR, +1sd. = 9 - CMS Preliminary: Oct 2010- .. ]
o = _ § [CJLLR, +2s.d. S F : AN :
- 30 — SMHiggs,L <10.01fb - = 8 —1f'@7Tev " ]
> - int b S | —2m'@7Tev / \ ]
o B -=s+LLR L b —s5m'@7Tev Y 1
£ 55 - LLHs+b E 5 R 217 @8 TeV / T N ]
o = e obs . 1 o - o ]
g A 9 . : 5fb' @8 TeV , / / \\ ~
— = ] - RS0 N B N SRRERN S
ll:.'ﬂ .ID ~ o L F b e '/ ‘..'./ /\\\ ----
O &) 4 .‘,/ ]
) < eyl

RS T g >l M e B B e

D 1 -

A0 ; Projected Significance of Observation
100 110 120 130 140 150 160 170 180 190 200
-I 111 I 1 11 ] | 11 11 I | | 1811 I 1 1§ 1 | 11 11 I 1 1§ | 1111 | 1 1§ 1

100 110 120 130 140 150 160 170 180 190 200
— Higgs Boson Mass (GeV/c?)
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Modeling of the signal

* We model our signal with PYTHIA
- But we know that PYTHIA has some issues

- We use other generators for comparison, MC@NLO with
Herwig, Sherpa or recently the HqT program, for the

signal modeling

- provides Higgs p. distributions up to NNLL+NNLO

u — nominal -
0.05 0.07F
E — reweighted 0.06F
0.04 -
- 0.05}
0.03F Generator level 0.041+
0.02 0.03f
C 0.02}
u.mE 0.01]
Op "40 20 30 40 50 60 70 80 90 100 Oy

pT of WW system

— nominal

— reweighted

Reco level

10 20 30 40 Eli_l_ﬁ}l] F?l][&g\hﬂl]
T
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mailto:MC@NLO

* 1

Cumulative distrioutions

Tevatron Run II Preliminary, L < 10 ! Tevatron Run II Preliminary, L <10 ! Tevatron Run II Preliminary, L <9.7 fb!
W 175} 910 6
El[) 6 o5 ® Tevatron Data El[) 61 i3 e Tevatron Data 'E' 23 e Tevatron Data
2 my=115 GeV/c ' Background 5] my=125 GeV/c ' Background o Sf my=165 GeV/c ' Background
FEIO 5. Il Signal 510 5o Bl Signal 510 2 Il Signal
- . o 4 ]
10| """-, 104} .'".. 10 ;-°."'-'.,
. o = 8 - = 3 L] . i
10° " 10°? e 10 .
o 2 il 102 s,
102 . 10 N
il
10 L 10 T-‘- 10 i ¥
. Tt | K N "
1 L 1 | = 1 :
-1 1 A
10 | 10 | - 10
2 a2l 2|
10 | 10 M 10 3
10 : — ‘ 10 : — — B 10 : — S—
-4 -3 -2 -1 0 1 -4 -3 -2 -1 0 1 -4 -3 -2 -1 0 1
log,,(s/b) log,,(s/b) log,,(s/b)
100 Tevatron Run II Preliminary, L < 10 v 100 Tevatron Run II Preliminary, L <10 ! 100 Tevatron Run II Preliminary, L. 9.7 !
W T T T 7)) T T T T T T T T BLZ W T T T T
~— N o e ]
§ 00 | my=115GeV § 00 | my=125GeV R § 90 | my=165GeV .
= 80 | Signal+Background = 80| Signal+Background ' =~ 80| Signal+Background .
4 Background . 4 Background o 4 Background i !
'vg 70 * Tevatron Data ey .g 70 e Tevatron Data ¢ .g 70 e Tevatron Data ’
E 2 60 ' 2 60 '
g = =
5 5 50 6 50
40 40
30 30
20 20
(5 10 10
0 1 1 0 .. 1 1 1 1 1 1 1 1 0 “- 1 1 1 1 1
0 2 4 6 8 10 12 0 1 2 3 4 5 6 7 8 9 10 0 5 10 15 20 25 30
Integrated Expected Signal Integrated Expected Signal Integrated Expected Signal
g P g g P g g P 2
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Data - Background

(]
(=]
o

400 = 200 ¢
R‘ . Tevatror) Run IT reliminary—+— Data-Background R g Tevatm‘i_lliun 1I Preliminary—+— Data-Background R . Tevatron Run II Preliminary—— Data-Background
g150 | =10 [ SM Higgs Signal g300 || Lsto [ SM Higgs Signal g150 | LspT [ SM Higgs Signal
EIOO - [ —— =1 s.d. on Background EZOO o —— =1 s.d. on Background EIOO - —— =1 s.d. on Background
> F > = F
M S0 | 4 @100 [ @ 50 b
0f 0Ff 0Ff
50 | -100 | -50 |
-100 | -200 |- -100 |-
-150 | 3 -300 | 5 -150 | >
E m, =115 GeV/ic™ I Febguary 27, 2012 my= 125 GeV/c™ r r-‘ebruary 27,2012 m, =165 GeV/c™
_200|11\ _400....|..‘.|‘...|...‘|....|.‘..11....\..‘. _200’.‘.\....I.‘.I....I‘...I...‘il.‘..l....
-4 35 -3 25 2 -15 -1 05 0 -4 35 -3 -25 2 -15 -1 05 0 4 35 -3 25 2 -15 -1 05 0
log,(s/b) log,(s/b) log, (s/b)
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Separate limits

Tevatron Run Il Preliminary H—bb L <9.7 fb™ -% - Tevatron Runll Preliminary B LLR, +1sd.
= I SRR - T WA R o 20 _ ] [ JLLR, 2 s.d.
2 e Expected W +10 Expected - [ SMH-bb L <97fb " s
E w——  Observed 0 <20 Expected 8 15 & -=sLLR_,
40 | i . = - - LLR
— O = obs
& X 10
2 =]
: >
9 B
1 F — 0
-5
i i i i F?bml.ryZH, 20312 i
100 110 120 130 140 1502 -10 |||I|||||||||I|||||||||I||||||||l|||||||||||||||
my (GeV/c) 100 105 110 115 120 125 130 135 140 145 150
L i Hinne Rnenn Maae ((RaV//r2)
Tevatron Run Il Preliminary H-WW L <9.7 fb™ -% L Tevatron Runll Preliminary BLLR, £1s.d.
= i R b Rl c - 4 [JLLR, 2 sd.
(g — — WEE 16 Expecied o 30 — SM H—-WW, Llnt <9.7fb -=«LLR,
E 10 | — Observed [ <20 Expected | 8 E ==+ LLR_,
-l o H ] = =
| % 20 o — LLHobs
o X -
: = £
o o 10
= N
1 0k —
. 10
| i i ; ; i February 26, 2012 N . 5 *
120 130 140 150 160 170 180 190 guu :l 1 I 1 11 1 I 1 1 1 1 I 11 11 I | - I |-| L1 I | -] I L1 1 1 I L1 1 1
my (GeVic?) 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass (GeV/c?)
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Quantifying excess

Ke] E s a
_|$ = Tevatron Hun” Prenminaw — CLS+b Observed E = Tevatron Hun“ Preliminaw Al Tev channels
Q B P CL,,, Expected g 10 E _ L e Expected If SM Higgs sigrl
10 EE L<10.0fb [ Expected +1 s.d. a B SM nggs, Lint <10.01b [ Expscﬂed:ﬂs.:.
B [ ] Expected+2 s.d. 2 o A [ Expecsd 22
E =
= 3
= ol 4
e 5 10
o
«
m 10

IIIIIIII | 1111 | L 010 | | I
100 110 120 130 140 150 160 1?0 180 190 200 10100 110 120 130 140 150 160 170 180 190 200
Feb 24 2012 Higgs Boson Mass {GeWc ) February 2012 Higgs Boson Mass {GeWc )

* Small value disfavors hypothesis, while value close to 1 favors it

- Left: S+B hypothesis disfavored for mH=165 GeV and favored
for mH~130 GeV

- Right: the opposite; it can translate to an excess of 2.7s over
the background prediction
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* Tevatron: 2.70 (LEE: 2.20)
* ATLAS: 2.50 (LEE: 0.50)
* CMS: 3.10 (LEE: 1.50)
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Local p-value
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Background p-value

Quantifying excess
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Measurerments
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Look Elsewner
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—l\
=N
\
p

* We estimate the LEE effect in a simplified manner. In the mass range

100-125 GeV/c2, where the low-mass H—bb searches dominate, the
reconstructed mass resolution is approximately 10-15%, or about 15
GeV/c2. We therefore estimate a trials factor of ~ 2 for the low-mass
region. For the high-mass searches, the H—>W+W- searches dominate
the sensitivity. There is little-to-no resolution in reconstructing mH in
these channels due to the presence of two neutrinos in the final state
of the most sensitive analyses. We expect a trials factor of
approximately two for the high-mass searches. In total, we expect that
there are roughly four possible independent locations for uncorrelated
excesses to appear in our analysis. The global p-value is therefore
1-(1-pmin)4, using the Dunn-Sidak correction [56]. The global
significance for such an excess anywhere in the full mass range is
estimated to be 1.520.
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Measurement Fit — 10™*-0"l/6™*

0 .1 .2 3
m,[GeV] 91.1875+0.0021 91.1874
I, [GeV]l  24952+00023 2.4959
o [Nb] 4154040037  41.478
R, 20.767 +0.025  20.742
! 0.01714 + 0.00095 0.01646
R, 0.21629 + 0.00066 0.21579
R, 0.1721+0.0030  0.1722
AlP 0.0992+0.0016  0.1039
AYC 0.0707 +0.0035  0.0743
A, 0.923 +0.020 0.935
A, 0.670 + 0.027 0.668
A(SLD) 0.1513+0.0021  0.1482
m,, [GeV] 80.399+0.023  80.378
TylGeVl  2.085+0.042 2.092
m [GeV]  173.20+0.90 173.27

July 2011 U 2
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 Efficient data taking

- Lower downtime to fix problems in control room,
providing data of the best quality

Object reconstruction and identification

- High efficiency and purity

Excellent modeling of known processes
- Understanding the problems
* Powerful multivariate techniques

- They are not an answer, but valuable tool

* Systematic uncertainties

* Superb statistical tools
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DO llbb with 4.2 fb™*

My (GeV) 100 105 110 115 120 125 130

Expected/SM: 5.1 5.6 6.2 7.1 8.4 10.0 12.7
Observed/SM: 3.0 3.8 4.6 59 7.9 9.2 121
Observed (fb): 41 44 44 47 50 45 45

DO vvbb with 5.3 fb™
mu (GeV) 100 105 110 115 120 125 130
Observed 3.6 3.9 3.4 3.7 4.9 5.5 7.4
Expected 3.4 3.8 4.2 4.6 5.5 6.7 7.8
DO WH with 5.4 fb*
Combined 95% C.L. Limit /osm
Higgs Mass [GeV] Expected Observed
ATLASVH with 4.7 fb* 100 3.3 2.7
105 3.6 4.0
mass | ZH — 7€ bb | WH — tvbb | ZH — vbb | Combined 110 4.2 4.3
[GeV] | Obs. Exp. | Obs. Exp. | Obs. Exp. | Obs. Exp. 115 4.8 4.5
110 | 7.5 55| 38 44 | 40 45 | 27 26 120 5.6 5.8
115 | 78 58| 55 56 |48 51|39 30 125 6.8 6.6
120 | 101  74|| 49 59 | 54 51 |31 32 130 8.5 7.0
125 | 104 82|80 75 |59 56|35 38 135 11.5 7.6
130 | 131 106[] 85 91 |122 89 | 53 5.1 140 16.5 12.2
145 23.6 15.0
150 36.8 30.4
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Lross secrmions

* Higgs
ggH: D. de Florian and M. Grazzini, Phys. Lett. B 674, 291 (2009)
C. Anastasiou, R. Boughezal and F. Petriello, JTHEP 0904, 003 (2009)
W/ZH: J. Baglio and A. Djouadi, arXiv:1003.4266v2

VBF: P. Bolzoni, F. Maltoni, S. -O. Moch and M. Zaro, arXiv:1109.3717.

(Signal is generated with Pythia with CTEQ6L1 LO parton distribution functions, normalized
with MSTW 2008 NNLO PDF (ggh))

* Diboson: J. M. Campbell and R. K. Ellis, Phys. Rev. D 60, 113006
* tt: U. Langenfeld, S. Moch and P. Uwer, Phys. Rev. D 80, 054009 (2009)
* Single top: N. Kidonakis, Phys. Rev. D 74, 114012 (2006)

* W/Z+jets: ultimately from data but in agreement with
(FEWZ):R. Gavin, Y. Li, F. Petriello and S. Quackenbush, Comput. Phys.
Commun. 182, 2388 (2011).
h.f. fraction from(MCFM) J. M. Campbell and R. K. Ellis, Phys. Rev. D 65,
113007 (2002).
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* Limits derived using semi- * Systematic uncertainties are
frequentist CLs method where test  incorporated by varying the expected
statistic is number of events in each hypothesis
LLR = -2LogQ according to the size and

_ correlations of the uncertainties
B -ZLOQ[P(S+b)/P(b)] Example (idealized) LLR distribution
- P are probability distribution 08 | " gackioung o
functions for the signal+background 2007
and background only hypotheses ;E: 8% Iiterval
80,04 T
- P are populated via random Poisson £003
. o . 0.02 i
trials with mean values given by the 001 i |
expected number of R ' TRET
. . iR S = A lef’ ; B—T—-c
events in each hypothesis | z | I R N v ae
T | | ;ttl;ff
o _
z M S VA S T S L S T ¥ A TR
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¥ In the case of the Higgs search, we seek to set limits on potential signal rates
= Similar test, comparing signal+background and background-only hypotheses

= Signal rate is now a fixed parameter to be tested

L ( D ‘S +RB) Two independent likelihood maximizations
Q: ; — < are performed over nuisance parameters:
L (D ‘B ) one for each hypothesis ( S+B & B-Only )

LIR — 2In@ — x(blstp x (DB

¥ The relative frequency of outcomes from

0.

(=4
[
th

CLsb: fraction of S+B pseudo-experiments
more background-like than data 0.02

2 —
S+B and B-Only pseudo-experiments £ ) 0se (TSR
. = = B-Only LLR
allows us to test the signal rate £ 003 .
- o = Observed LLR
:

CLb: fraction of B-Only pseudo-experiments %%

more background-like than data 0.01

0.005

1-CLb: fraction of B-Only pseudo-
experiments more signal-like than data
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Calorimeter Tracker In=0 2T Solenoid Magnet

Pt

-

il

3 Layer=e |
Muon _ .
System B - o e

X Silicon microstrip vertex detector

X Scintillating fiber tracker Angular Coverage |n|

X Uranium / liquid argon calorimeter Muon ID ~2

X  Wire chamber + scintillation counter muon TraCking ~2.5
detector system EM / Jet ID ~4

X 2T solenoid magnet & 1.8T toroid magnet
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ATLAS vs CMS
S Y R S

Magnetic fleld 2T solenoid + toroid (05T barrel | T 4T solenoid + return yoke
endcap)
Tracker Si pixels, strips + TRT Si pixels, strips
olpr = 5x10%p; + 0.01 o/pr = 1.5x10*p; + 0.005
EM calorimeter Pb+LAr PbWO4 crystals
o/E = 10%//E + 0.007 O/E = 2-5%/+/E + 0.005
Hadronic Fetscint./ Cu+LAr (10A) Cutscintillator (5.8\ + catcher)
calarmeer OJE ~ 50%/+/E + 0.03 GeV O/E =~ 100%/+/E + 0.05 GeV
Muon olpr~ 2% @ 50GeVto 10% @ 1TeV  olpr ~ 1% @ 50GeV to 5% @ | TeV
(ID+MS) (ID+MS)
Trigger L1 + Rol-based HLT (L2+EF) LI+HLT (L2 + L3)
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* QCD reduction

- electron faking jet

- missmeasured jet
energies give MET

« Triangle cut between
transverse mass and MET
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d Aad o i Wy
QCD estimartion
108 Loose @
: 8 o7C |x2/ndf=144.4/86 ++++++
= +4+
= 0.6F [P0  0.1474+0.0005 R
= +
10%} 2 08¢ S
C 0.4 -
0.3F -
. 0.2F —
10° 0.1F
0 02 04 06 08 1 0 20 40 60 80 100 120 140 % "6 20 30 40 50 60
T MET [GeV]
EM Likelihood MET [GeV]
* We use so called matrix method
- Define 3 different sample: Loose, Tight and " " vaets
10000 Il diboson
Orthogonal: - . —
i Qco
* Loose and Tight are used to measure . " mete0cev
o g W " . I {x100)
efficiency of QCD and ‘“signal” events in >
data, €., and g, , and to obtain N T
normalization = ':-'-Lu'a:u*" o .
. W- ev m_ [GeV]
* Orthogonal is used to get the correct shap
- It may depend on the p_ of lepton
113
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REW N , < : ,
ey NLO pQCD calculations & MC Models
* pQCD predictions calculated with MCFM, JetPhoX

*  Many LO MC programs on the markef:

- MEPS: Alpgen, Sherpa, Madgraph, Helac, Madevent, ...
- PS: Pythia, Herwig, Ariadne, ...
« CKKW

- the separation of ME and PS for different multijet processes is achieved
through a kT-measure

- undesirable jet configurations are rejected through reweighting of the
matrix elements with analytical Sudakov form factors and factors due to
different scales in alpha_s

* MLM

- matching parameters chosen, ME and PS jets matched in each n-parton
multiplicity, events vetoed which do not have complete set of matched jets

- further suppression required to prevent double counting of n and n+1
samples (replaces Sudakov reweighting in CKKW)
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The CDF De

Tracking:
Silicon Vertex Tracker
Central Tracker
1.4 T Solenoid

Calorimeter:

EM Calorimeter
(lead/scinftillator)
HAD Calorimeter
(iron/scintillator)

Muon:
Drift Chambers
Scintillators

The D@ Detector

Tracking:

Silicon Microstrip Tracker
Central Fiber Tracker

2 T Solenoid

Calorimeter:

Liquid Argon Calorimeter
Inter Cryostat Detector
Pre-shower

Muon:

Drift Tubes
Scintillators
1.8 T Toroid

y=1 n :)/
Muon Scintillalors
e
Muon Chambars
=2
—
—
" n=4
Shiciding % it _—_—————
o ——
{ !
Calonmeter ||
‘ e
” | Torod | |
|'_| —_— u —
e
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Multivariate Classification

* Improve signal and background separation w/ a multivariate classifier
*+ Found Random Forest (RF) classifier to be the most powerful and robust

* From outside (black box), RF works similar to other classifiers (e.g. NN)
* Trained b.y .feec!mg It events of A “forest” of many decision tree classifiers
known origin (signal or background) :
+ Use trained Random Forest to evaluate
new events and determine the
likelihood of being signal

Random Forest
(trained)

e |Inside the RF

* Many different tree classifiers
» Each tree classifier performs a series of optimized
cuts to separate signal from background

+ The RF output averages the output from all the trees

» Fluctuations and over-training are reduced because
each tree will fluctuate differently
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- An example of limits settings
* Our goal is to understand the theory of the SM Higgs boson

- The answer is either "The SM Higgs is there” or "It's not
there”

We test our data for compatibility with one of two hypotheses:
- SM+Higgs = signal-like or SM-Only = b-only

D uses a frequentest approach to setting limits:

- If this experiment is repeated many times, how often would
we obtain a result which is as signal-like as what we have
observed?

A 95% CL observed exclusion means:

- If the excluded signal exists in nature, then only 5% of the
time would we obtain a result as background-like as observed
in this case.

May 3, 2012 Lidija Zivkovié. Closing in on Higgs
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An example of limits settings

°SP Compar'e Poisson likelihood of B hypothesis to S+B hypothesis, and
calculate their negative log likelihood ratio (LLR):

L(B) L(S+B) LLR

d; ) ) o Ad; - .
]—[bf exp(b;) H£'9I+b’} exp(si +bi) 2.2 si —d;-log(1 + 5;/b;)

7.1 N

where d; events observed in bin i with S and B expectations s; and b;.

* Sum over all bins gives observed LLR

* Repeat calculation but with pseudo-data obtained by a Poisson
fluctuation of b, in each bin (B) or s +b. in each bin (S+B)

* Repeat many times to obtain LLR distribution: median is Expected LLR

100 110 120 130 140 150 160 170 180 190 200
[ Events [k] ,  Juv10.2000 my (GeV)
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Tevatron accelerator

FERMILAB'S ACCELERATOR CHAIN

* The Cockcroft Walton accelerates negative ,,:i = --.;._ﬁ.__}fmw INJECTOR
hydrogen ions to 740 KeV. The negative ions Ttevatron il \{eme \:\i;

are then accelerated down the LINAC to .. S = ‘
400 MeV. The particles enter the booster ' :
where the electrons are stripped off, leaving

~
_,-F"t ra
%d, TARGET HALL

: u:?"'\, 4 ANTIPROTON
S\ R =={ SOURCE
1h | ¥ b ‘ : -_\_ ..f:

ST A NS BOOSTER

the protons. In the Booster, the protons are H == NG
then accelerated to 8 GeV. Once the protons I Gl TP
enter the Main Injector, they are T,

accelerated to 150 GeV. From here, I s e

the protons are injected into the Tevatron.
The Tevatron accelerates protons and antiprotons to nearly 1 TeV.

* Fermilab makes antiprotons by smashing protons against a nickel tfarget. The
Antiproton Source in Fermilab's accelerator complex makes about 20 antiprotons
for every 100 million protons they smash on the target. Fermilab then collects
the antiprotons in the accumulator, one of the complex’s 10 accelerators. The
antiprotons are transferred over to the Recycler ring and then cooled. Cooling
the antiprotons makes them easier to manipulate and accelerate and increase
the rate of collisions.

May 3, 2012 Lidija Zivkovi¢. Closing in on Higgs 119



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88
	Slide 89
	Slide 90
	Slide 91
	Slide 92
	Slide 93
	Slide 94
	Slide 95
	Slide 96
	Slide 97
	Slide 98
	Slide 99
	Slide 100
	Slide 101
	Slide 102
	Slide 103
	Slide 104
	Slide 105
	Slide 106
	Slide 107
	Slide 108
	Slide 109
	Slide 110
	Slide 111
	Slide 112
	Slide 113
	Slide 114
	Slide 115
	Slide 116
	Slide 117
	Slide 118
	Slide 119

