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What IS statlstlcs?

* Statistics is a branch of mathematlcs dealmg with the
collection, organization, analysis, interpretation, and
presentation of data. Wikipedia




Theory <« Statistics «» Experiment

Theory (model, hypothesis): Experiment:
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G. Cowan 1ISTEP 2016, Beijing / Statistics for Particle Physics / Lecture 1
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* G. Cowan, Statistical Data Analysis, Clarendon,
Oxford, 1998

* |lya Narsky and Frank C. Porter, Statistical Analysis
Techniques in Particle Physics, Wiley, 2014

* K.A. Olive et al. (Particle Data Group), Review of
Particle Physics, Chin. Phys. C, 38, 090001 (2014).;
see also pdg.lbl.gov sections on probability,
statistics, Monte Carlo




/é#\/\%‘p‘ (P0|sson distribution)
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S ENR #&F&&EE(Central Limit Theorem)
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m=f(;(_):

if x has a small uncertainty O,,

one can estimate Gm=fx 0,

m=f(x, y):
if x and y have small uncertainties o, and 0, and no
correlations,

GmZ: (fx 'O-x)z T ( y,o-y)Z
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N
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(for Gauss distribution and large N) "o /2N
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f}i}‘\M /i‘(l\/lax leellhood Method)
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Statistical expectations for 2

=n.d.f. (number of degrees of freedom)

1 =n
measurements parameters
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What if you get something very differen

=n.d.f. (number of degrees of freedom)

1 =n
measurements parameters
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* Jo RyP/nik ) T1, MAELEGNZFELEFHT, T
A, BARIAAA M, 2 2XBFE B TmediRs
REWEE, IFATHFLEELRKIAZ(RRIEE)

* do Ry /niZ X T1, WAEGIFREMBEILXGEME, BF LK
TREEAERE, RBERAGTHLABRKRN R RIK(RRIREE)

« @it cross-checks#, 1 “Fa k" ¢4 A %z £
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o X AN IS 69 B2 (significance) 2 % )2
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significance 1 2 3 4 5

probability (p-value) 16% 2.3% 0.14% 3x10- 3x107
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S, =+2n,In(1+5/b)~2s

* BT LA 5 A A T s+bAeb-only B AR X JL T MR
B n, FH) E A9 E, BpMA K th(likelihood ratio):
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/%i%g,u_;g— Ii(LocaI Significance)
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Number of even

Number of even

* BAEBANTA LIl LIRS K THAMNIEATL, F

ﬂﬁi/u 7\4&/]5 3\—'] %‘E_f ‘:]? éﬁb”\ /u—4

\*

e £ EA i 2S=172-100=72, S/N(B)=7.20; 4 EA &

25=125-100=25, S/\(B)=2.50"

o iy itk %% psuch upward fluctuations &4 48 & £~

A R<100 42 0.6%, —HARMRA, AR RIS
AT HRZoREKRS
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X AR A BB IR —

o T EE k¥ B TSRS 69204 bin, LPF )
A —ANbinvsy Lk 50 £ B UL 6 2 AH A9 1R F 2 K
T 38 £Ax B AL E

* Probabilities of none of the bin with flat background
fluctuating upward as shown is (1-p)?°

* Therefor, probability of at least one bin fluctuating
upward is 1-(1-p)2°, which gives ~10 and 12%.

* MM AERNIE T AT EEREAREINLIBINT
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1% 5 HEFR FR(Exclusion Limits)

N a— =

* KM T BEFMA T, RATLTT AH & — Ak
&4+ H ) X (probability of observing no more
than n, events, in assumption that the signal was
S):

p(n<n |b+s)=) p(k|b+s)
0
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2o
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S HEFRFR: Cls
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Z 5 HEFRTR . Bayesian
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- HE Fét\ [ Bayesian
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(b_l_S)nO e—(b+s)
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Z 5 HEFRTR . Bayesian
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2 ft,'b":f (Systematic errors, estimation of blases)

. Blases due to theory (background IeveI and/or
shape, signal shape)

* Biases due to event selection/cuts (either at
trigger or offline levels)

* Biases due to reconstruction and corrections
(apparatus effects, why error function tails are so
dangerous in new physics searches)

* Biases due to the analysis methodology (e.g.
ignoring correlations between errors)
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— b /1 ?iﬁ (posterlorl adjustments)
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A5 B2 bins 1-5-9-13-...
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A 5 HB3: bins 2-6-10-14-...
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— bz ’f = 171 (po steriori adjustments)

e KT AL E) it B A B L A
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— I & F IR (posterlorl adjustments)
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Higgs at LEP?

. 20(;(): ALEPH ~4G for Higgs s@ﬁ%l present
All four collaborations combined: ~2.90

* 2002: More thorough re-analysis of the same data:
ALEPH: ~3c
All four collaborations: <26

N Online Higgs Analyses

Two independent streams: NN(19 variables) and Cuts

60 604

& “{BEHOLD! {BEHOLD!
= JL=15415pb™" o~ L=154.15pb™"
> YN, =22900 i N, = 19900
8 SOYN, =23676 HF SOYNC, =196.11

4NN Analyses CUT Analyses
T 1189209 GeV il 189-209 GeV Nk
& 404 { 401 ’
.g ] N ¢ ] i
S .0 4 i -
m 30-. :t + ? 301 -_r+ \{q

- ?
204 Lo 20 i |
4 : * 104 '- + ;{_+ +:. * *

-----------------------------------------------------------------------------

50 60 70 80 90 100 110 120 130 50 60 70 80 90 100 110 120 130
Moo =M+ M;3-91.2  (GeVich) M,, (GeV/c?) 42







Faster-than-light neutrino from OP

ERA 2011

62.10
1638

- Events/bin

0 lllllllllllllll | 1
=20 0 20 40

* Aloose fiber optic cable had introduced a delay in
their timing system that explained the effect.

* |ts spokesperson and physics coordinator resigned
their leadership positions.
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The end
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5 35 B 5 #7 & % ¥ cross checks

A good data analysis presents a large number of
crosschecks and auxiliary measurements to show

that an experimenter understands what he/she is
doing
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