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‘ Data Analysis

Extract physics from data
a Measure a quantity . Basic concepts

o Search for new particles 2. Monte Carlo methods
3. Signal
4. Backgrounds
5. Errors
6. Statistics

—
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What do we measure? | |
But in reality:

LIGHT UNFLAVORED MESONS  Quark
(S=C=B=0)
content

For/ =1 (m, b, p, a): ud, (uﬁfdg)f\/f, du:
for i =0 (n,w', h W, w & F, F) cluu+ dd) + c(ss) I|

In principle:

ELEMENTARY s FUH=T0 Spin
PARTICLES

M Mass m = 130.57018 + 0.00035 MeV (S = 1.2)
ass Mean life 7 = (2.6033 + 0.0005) x 1078 s (S = 1.2)
cr = 7.8045 m

Llfetl me 7= — 7 form factors 17

Fy = 0.017 + 0.008
F,‘: = 0.0115 + 0.0005 (S = 1.2) Form factor

0.00¢9
R= D050 8302

7~ modes are charge conjugates of the modes below.

For decay limits to particles which are not established, see the appropriate
Search sections (Massive Neutrino Peak Search Test, A0 (axion), and

Other Light Bosen (XO) Searches, etc.).

P

#+ DECAY MODES Fraction ([; /) Confidence level (MeV/c)

Decay Modes .+, B (R 5

" £ ~ » vy [(] (200 4025 )xio~4 30

: el v, [B] (1230 £0.004 )x10—4 70

e ‘z - h etuy [c] (161 +023 )x10~7 70

- - + =0 —8

J! I 11 Branchin et v.m (1036 +0.006 )x 10 4

— J — ) g ety ete (32 Los )x107? 70

I II III Frac“on etv,vw < 5 %10~ 0% 70
Three Generations of Matter Lepton Family number (LF) or Lepton number (L) violating modes

utw, £ [d] < 15 % 10—3 90% 30

v ptu, LF  [d] < 80 %1073 90% 20

poeteTy LF < 16 %1079 90% 30
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Particle Properties

= Properties

a

Mass

= Measure momentum and energy: E? = p? + m?

Mass width — Lifetime

m  Measure momentum and energy or:

= How many particles exist after t seconds

Branching Fraction

s Reconstruct the decays and see how many there are.
Charge

m Direction in a magnetic field

Spin

= Angular distribution of decays

Structure e.g. Proton/Neutron/Nucleus

m Scatter particles of the proton and look at distribution
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‘ Data FlOW High Signal:Background

Low Signal:Background

Trigger and Event
DAQ

selection

Collision I_> Detector Storage / \ Analysis

g~ | 202.8 GeV

7th May 2009 Fergus Wilson, RAL 5



Elements of Analysts
Not only Data but...

| Why the truth is hard to find |

£ FT T T T T T T s Bighal ) » Detector response to signal
g007E E » Background estimates
.jijo'os;_ E s Errors
0-05E" E o statistical
— |Mis-Calibration Resolution -l .
004 _'\ . o systematic
b 3:_ | Backgroundssignal § P =
TE M N % : » How to solve?
0.02 [-Background N A% ke
- - o Try and evaluate from
700726740760 780 800 820 845860 o Sometimes need more...

®(782) mass (Mev/c?)
> Monte Carlo
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‘ Monte Carlo

1. Generate artificial data
2. Simulate detector response

3. Analyse simulated data as if it were
real

o Response to known input can be
calculated

o Also used in detector design

= Computer intensive
= Must be carefully tuned and checked

7th May 2009 Fergus Wilson, RAL 7



‘ Data and Monte Carlo

Data Reconstruction
: ¥
. Trigger and
Collision ‘ I Detector I—P DAQ Slorage
E‘.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'? Event
selection
MC Event D Trigger l
_ — etector
_ Analysis
Simulator
MC
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Search for the Higgs Boson

Missing piece of Standard
Model

Standard Model Higgs theory
well understood:

o Mass is only free parameter
o Clear predictions to test
Most “New Physics” models
have something equivalent to

a Higgs boson (“MSSM Higgs”,
“little Higgs”, etc...).

Could be more than one type
of Higgs boson

Current limit M >115 GeV
(LEP)

Particle masses are
generated by interactions
with the scalar (Higgs)
field.

Couplings are fixed by the
masses.

Once M, is known
everything is predicted.

= S0 by measuring the

coupling of the Higgs to
particles of known mass
we can test theory.

7th May 2009
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‘ Search for the Higgs Boson

Search for the Higgs Particle

Status as of March 2009

95% confidence level

Direct searches

Excluded by Excluded by Excluded by
LEP Experiments MH > 114.4 GeV Tevatron
95% confidence level Experiments

»~ @95%C.L.

114 120 140

100

160 170 180 185

Higgs mass values

If no new physics up to Planck scale (~10°GeV
quantum gravity significant) small mass range
for Higgs: 130 <M< 190 GeV

872V°
2
QCD

V2

M < v’ =246 GeV

3log

Indirect Measurements
95% confidence level

EIE5'~"|||||||||||||||_

__ BGO m, = 175 Ge¥ —

- B
1k}

= N

= [ _

200 — —

D_I l | L1 | L1 | L1 | L1 |_

102 108 109 1pl8 qglo gpl8

& [GeV]
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Higegs Production

How is the Higgs produced?

WW/ZZ fusion

First: understand signal

How often is it produced?

— =
- o(pp—H+X) [pb]
10° E

2 Vs = 14 TeV

gg fusion q q
g Wz
t,b — g H
g Wz
q q
(a) (&)
q g PEEBO—>——1

=]

{c)
Associated

WH, ZH

(d)

Associated ttH

Gluon fusion most promising

7th May 2009

10

o (pb)

0k s ggHW T e
2 ﬁ-?:'“"'\"':--
10 S e <
Sy Y
3 i T
0k s
o0 qG—HZ ~~ -
10 | | | Lo
200 400 600 800 1060
M, [GeV]
Process Events/s | Hvents/year
W — ev 40 4108
Z — ee 4 4.107
tt 1.6 1.6 - 107
bb 108 1018
gg (m =1TeV) 0.002 2104
Higgs (m= 120 GeV) 0.08 8 .10°
Higgs (m= 120 GeV) 0.08 8 -10°
Higgs (m= 800 GeV) 0.001 8
QCD jets pr > 200 GeV 104 10°

Fergus Wilson, RAL
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‘ Higos Decay

Detectable decays of a Higgs -Boson
= 1
|| ’J H

o -" . ]II
L
1"‘,_“ L 1

= Which decay to look at?

= Depends on Higgs Mass
a My <150 GeV

gg — Hoyy
m H-Z/7"—4]

 tandard Model WW = gg — HW,Htt: H—bb
DRy P . HHoWW" —21 2v
0 /'rr . s qq—qqH : H —yy, WW" "t
foz a M, <500 GeV
m H-oZZ —4]
: a M, >500 GeV
T R T s HoZZWW — jets
my/GeV/c?
10% Higgs and measre only 20 . N geca 20
decays Hgg with an efficiencyof  BF (HIQQs — gg) = = =0.08

0.00025% then Branching
Fraction:

N, *n 10°%2.5x10°°
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Best Modes to look at

@
g | Ldi=30m"
= (no K-factors)
5 ; TLAS
—-
= 10"
< C
L1 B
7 :

10

H — ¢y

ttH {H — bh)

H — 7" 5 41
H — Ww'™ iy
qqH — qq ww'
qqH  — qq 1t

[ |
E Y
=

T

e u

Total signilicanee
| Soat?fb’

b2
=

* O F @ AN

qaH, H-WW —lv jj

qaH. H—ZZ —llv v
HWWWWW —llv v NLO
H—ZZ*Z2 — TTI'T, NLO
qaH, H—y.t't

H—py imcdusivie, NLD
1TH,WH,H —bb

Total significance

Statistical Significance

-
=

. .u“. .

L L P
160 180 200

140

m,, (GeV/c?) 100 zulu 3nln 4|un 5;1 | Ianlzu
my(GeVic )
Compare to list on previous slide
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g (nb)

‘ Backgrounds - Tevatron to the LHC

107

tot

Tevatron

-1

Huge stats for Standard Model
signhals. Rates @ 1033cm-2 s-1

~10° events/10 fb-1 W (200 Hz)
~108 events/10 fb-1 Z (650 Hz)
~107 events/10 fb-1 tt (1 Hz)

10’ 10° ;
” o (E > 1s/20) P (10 fb-' = 1 year of LHC running at low
0 luminosity 1033 cm2s-1, hence by ~end 2010)
10' Ow 10"
o, &
10’ . 10" 3
0 (E" > 100 GeV) 2
10’ 10" 5 Background is anything with signature similar to
o’ 102 signal
10° o 10° ®W+X (X canbe W, Z or just 2 QCD jets)
10° u(E;" > Vs/4) 10" ) i
®/7Z— qql+l- (one lepton not identified)
10° (‘Haggs(MH =150 GeV) 10°
B or'r
107 Fo,....(M, =500 GeV) 10
107 i s e il 107 ®b-tags can be real, charm or fakes
0.1 1
Vs (TeV)
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Current Results - Tevatron

At 120 GeV H—bb dominates
Signature gg—>H-—->bb:

o 2 jets

o One or two b-tags

Swamped by dijet production

o bb~ b

0 qq ~ mb (fake b-tag rate small but not zero)

Have to use W/Z+H channel (Associated
Production)

7th May 2009 Fergus Wilson, RAL

15



‘ Tevatron/CDF - Associated Production

Tevatron Run II Preliminary

SR s W-qG 70%
210 1 ————_ | = final state qgbb
= - T ——— 1 : .
g | [wEe f Lwew ] | ® Four jet backgrounds still too large
LI i e L
%’J o _1_5\ —Whb —\\_
o ; SMWHoSWWW 2
N e W—ev, 10% W—uv, 10%
NG o o Mo 10 10 170 1% | w  Final state lvbb
m,, (GeV)
_ _ o One electron or muon
qq—>WH with H—>bb o Missing transverse momentum
a Two jets @
o L o One or two b-tags
Ww* - = Easy to select in trigger and offline
; ~H oxBr=0.02 pb
b
kN
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‘ Efficiency at the Tevatron/CDF

= Nature provides 20 fb of WH-—Ivbb events — a handful per year
= How many pass CDF trigger and analysis selection?
o Cleanly identified electron or muon in acceptance
o Two jets
o At least one b-tag
a Large missing momentum
a None overlapping

» Run thousands of MC events

> Efficiency

— Nselected  ~ 100
> Observe 2 per fb! per year €= Jy e X 10%

generated
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'How do we report this result?

Statistical

= Mostly counting events (data or MC)
= Poisson distribution: 0 = Vu = VN
a NB fractional error ~ 1AN

= Efficiency follows binomial distribution:  0¢ = \/6(1 — 6)/N

Systematic

= Anything not completely understood may affect result

o Detector performance, background rates, Monte Carlo
modeling...

= Estimate range of parameter
= Varyin Monte Carlo

7th May 2009 Fergus Wilson, RAL
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‘ Significance

= In a given amount of data we expect:
a Ngbackground events
o Statistical error on background = VN,
o Systematic error on background = o

a Add errors in quadrature to get og¢

= Observe N(>Ng) events in data. Could be:
a random fluctuation in Nz + 0,7 background events
o Njz background events & Ng signal events

= Significance S = Ng/O7or
o S = 3: probability of fluctuation ~10-3 — interesting...
a S = 5: probability of fluctuation ~10- — discovery!!

sys
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Latest CDF/DO0 Higgs Results (March 2009)

W sau
» Look for HH-WW (dominant above 135 GeV) |
and W— lv (W—bb not used as too much
background).
" _C([:;zu: Il Preliminary I\:;:fb
21 00} M, = 1:osc;ew(:2 mi
&

L WZ

L Wiz
80— DY

: X

| 3 ata

95% CL Limit/SM

3
As(ll)

Dilepton opening angle PO 1 U vachsaop ]
back q 100 110 120 130 140 150 160 170 180 190 2oo
strongest backgroun m(GeV/c)

discriminant
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‘ Predicted Sensitivity — Tevatron v LHC

Tevatron

= CDF expects a maximum of 6.5 fb-"
by 2009
o 15-20 signal events
o 2000 background

o 8 years of running

L I H T T ¥ T v T T
SUSY/Higgs Worksho
100} Higgs Sensitivity (-939_?99) "Z
F Study ('03) .
.1\ | statistical power only
L (fb ) - (no systematics)

-7

—
=]

.

—

LHC

— 50 Discovery
--- 95% C.L. exclusion

1 month of running

| Ldt (fb-1) needed per experiment

10 - 4 E '
- - :\‘:__ ] //: E ‘5 *‘ . -“'_4-—1-. . . A~
N 6 .I:b_l : ;__‘: \L\ ;r A -
- 5c discovery ' o s ' i
1 3 ..:.-;_‘_':f: o 3c evidence E L ATLAS + CMS
. PRELIMINARY 95% CL exclusion: preliminary
80 100 120 140 160 180 200 o 2 s 40 %0 &0 0 Ko
my (GeV) iy (G VI
m,, (GeV) Compare to- actual result m,, (GeV)
on previous page
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‘ Ruptured bus-bar interconnection

7th May 2009 Fergus Wilson, RAL 22
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