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The Tevatron and Associated Accelerators
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The CDF and DO Detectors
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The Large Hadron Collider at CERN from the air

R T ST

Re-uses the 27 km LEP tunnel Strong superconducting magnets for
pp collisions at 7, 8, and 13-14 TeV
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The ATLAS Detector at the LHC

Muon Detectors Electromagnetic Calorimeters
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CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 pm) ~16m* ~66M channels
Overalllength  :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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A Slice Through CMS
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Parton Distribution Functions

Two effects: LHC has larger beam energy, thus larger Q?, and also it’s pp and
Tevatron is pp

MSTW 2008 NLO PDFs (68% C.L.)
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Gluon Associated
SM Higgs Boson 9oy, Fusion Production
Production
Processesand =~ Ytb > H
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SM Higgs Boson Decay Branching Ratios

t 1 __l - T T T T T T T I_:§
§ g\bb WW :g
> T 7z % At m,=125 GeV,
+ 401t ag - Br(H%bb) = 58%
o - ~ - o
o B/ \) Br(H2>1t) = 6.4%
.. Q Br(H->WW) = 22%
£ | Br(H>Z22) = 2.7%
/el -
10° 300 200 300 400 500 1000
M, [GeV]
The main contributions to '(H->yy): A e
a top loop and a W loop. Since one | F AVVVV D W RV
is a fermion and the other a boson, they A" G hY »
interfere destructively. FIWVWN Y W AAAN

The W loop is dominant.
New heavy particles could contribute! Adding to

or subtracting from T[(H->Yy)
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CMS Search for H>ZZ—>4 leptons

CMS, arXiv:1312:5353

Preliminaries — Reconstructed mass resolution Phys. Rev. D 89, 092007
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MC Higgs boson signal resolution in the 4e Predicted 6. / m
channel. Improvements to resolution from 2l 2l
categorizing electrons and using NN’s on

the calorimeter clusters
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Lepton Selection Efficiency Measurements using CMS Data — Tag and Probe
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The M(4L) Distribution

Summed plot: eeee, ee e fs=7Tev.L=51";Vs=8TeV, L= 197 1"
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Background Estimation

O
<
4 ®m

Vs=7TeV,L=5.1fb";Vs=8TeV,L=19.7 fb"
1

% 35F - |« Data E

Complicated sideband fits — O ¢ El;;'l:;;s GeV ]
T0E L Bz E

Drell-Yan + FSR conversion 2 o5t E
well known from theory I .
(and LEP measurements!) W 201 —
Known differentially at NNLO 155_ _
(at least!) B ]
10 1| =

Diboson production — also - ’ .
has precise theory predictions. ° ? h E
But I'd not fit them with a single 0 ‘ u l =
nuisance parameter to the data. 80 100 200 300 400 600 800
MCFM used to predict dominant irreducible background. my, (GeV)

Fake backgrounds: Z+X, estimated using same-sign data and Z+jets data with loose
lepton ID.
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Statistical Procedures Recommended by the LHC (2011)

ATLAS Collaboration and CMS Collaboration, Procedure for the LHC Higgs
boson search combination in Summer 2011, ATLAS-PHYS-PUB-2011-011, CMS
NOTE-2011/005 (2011).

Recommends:

Profile likelihood used for maximum-likelhood fits. Nuisance parameters
are fit using external constraints and the data likelihood function.

Profile likelihood ratio test statistic used to sort experimental outcomes
for computing p-values.

Limits: CL, using profile-likelihood ratio as the test statistic

Systematic uncertainties:
Best-fit values (include systematic priors in these fit) are then fixed in order
to generate pseudoexperiments. (fitting without fluctuating)

Profile Likelihood method



Divide and Conquer has a Side Benefit — More Physics
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Divide and Conquer Again — but This Time Reduce Dimensionality with a
Likelihood-based Discriminant using non-mass information

. . - -1 Angular information and
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Data and Background-Only prediction Data and Signal+Background prediction
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Observed and Expected p-values, CMS ZZ4l

CMS \s=7TeV,L=5.1fb";Vs=8TeV,L=19.7 fb"
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3D fit: Include p.(4l) as an extra variable
1D fit — just fit the m,, Distribution . pr(4]) . -
. bke et b 4t for 0, 1-jet events, and a jet-based likelihood
2D fit —m,, vs. D,,,° @ Distribution o :
discriminant for 2-jet events.
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Mass and Width
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Spin and Parity: CMS ZZ4l

Example: Vector Higgs Discriminant

CMS (s=7TeV,L=51fb";Vs=8TeV,L=19.7 fb
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Fairly pure sample of signal!
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Spin and Parity p-values — Run SM and Exotic Pseudoexperiments and use LLR

CMS Vs=7TeV,L=5.11" \s=8TeV,L=19.7 b’
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H—yy

VH enriched

VBF enriched

ggF enriched
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ATLAS-CONF-2013-012: H->yy
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[t wasn’t always so clear... Show ATLAS animation

CMS Hlstory H— py implications

. , Workshop,
= 14 :_CMS.pl'Illﬂllm ........................ w— Observed CLs Limit A CMS preliminary Observed CLs Limit
? Vil?T.VLI‘O’fb' - + Observed Bayesian Limit | %: 18] \[;l?T’VLI1“'b' I ceees Observed Bayesian Limit Mar' 27’ 2012
%d 12 ...... Hectan Bxpected Gla imit %d e R S Medlan E CLs Limit
{0 EPS: 1.00fp T LP: 1,66/ [
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;f :I-' 10 |:' + 20 Expected CLs
v ®

1x0gy

qlo 15 120 125 130 135 140 qo 15 120 125 130 135 140 145 150
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" = Observed CLs Limit cns pcquminafy

e EPS (1.09/fb) LP (1.66/fb) : s M U™ Nee7Teviests
Dec 19 (4.76/fb) : s

e ‘peaks’ come and go

e we are getting into
interesting territory, and
peaks can also stay
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Events /1 GeV

Events - Fit

Divide and Conquer Again — Several categories of photons, pr, and jets/no jets
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300; E + ! \s:BTeV,ILd!:20,7ib" 3 smi_ \s=sTev,ILdt=2o7fb‘ _E ol
. E c E 2 E £ w
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And many more. Backgrounds fit to smooth functions
(polynomials, exponentials of polynomials)
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A VBF Candidate. H->yy+2 jets event

1A EXPERIMENT

Run Number: 204769, Event Number: 24947130
Date: 2012-06-10 08:17:12 UTC
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ATLAS H->yy p-values — adding it all together and combining channels

ATLAS-CONF-2013-012

o° 102 R IS A A DL R R B
= 10— Observedp (category)  ATLAS Preliminary
q —— — Expected P, (category) —
o 102 b—— Observed p_ (inclusive) H—yy —
—l . — Expected pg (inclusive) ]
1 —7 < 110
oF b 20
0 = —— 30
104 —— —40
6 Data 2011, \s =7 TeV N A A
107 E |50 o] L(datalu,v)
10_8:_ ~Ldt=4.8fb ] q# = 21N A
[ {60 L(datalu,v)
1010 Data 2012, \s =8 TeV —
o'2E Ldt=20.7fo"' 7O
1 0'14 Tl L1 1 | L1 1 1 | L1 1 1 | | N | | L1 1 1 I L1 1 1 I L1 1 1 I L1 1 IT
110 115 120 125 130 135 140 145 150 fa,lw) med[a, ]
my [GeV] / 9,005 l f(q lw)

/ p-value

Channels combined assuming
SM ratios
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ATLAS H->yy Results by Physics Process
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Coupling Fits From the Separate Channel Results

ATLAS-CONF-2014-009

ATLAS Prelim. —“((S;;;‘;;c_ Total uncertainty
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u= 1.470.4 102 : — 2_ rlnH = 125.? GeV | | | | I | I i
combined +g§j ; ; - 1 I- 1 1 1 I- 111 1 1 11 1 111 1 1 11 1 111 1 111 1 1111 1 1
H-bb, 1t woss 02 ; , : 2 1 0 1 2 3 4 5 6
W= 1.0970:32 008 : A1 | Y.ZZ* WW* 1t
uggF+ttH
Combined o T
=1 3O+0,18 0.11 : Lo
H= 0o oot i | anl
\s=7TeV [Ldt = 4.6-4.8 fo" -05 0 05 1 15 2
(68 TeV [Lat 203 0" Signal strength (1) Signal strengths p should be positive

definite. Profile likelihood fits allow
for negative values.
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Coupling Fits: ATLAS-Conf-2014-009

| t

______ H
U

| t

f v e /
}LO ’ ' }L‘)
»

f 7 “7 ﬂ’

Kappa parameters scale couplings
at the matrix-element level.
A. David et al., arXiv:1209.0040

Cross sections depend quadratically
on the kappas.

Get bimodal likelihoods and posteriors
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ATLAS Preliminary

m, = 125.5 GeV

Total uncertainty
+ 1o

+ 20

Model: k, k¢
pSM=1 0%

+0.08
ky=1.1 5_0_08

Kp=0.99"217

-0.15

Model: 1, kyy
pSM:1 0%

-0.12

Apy=0.86"0141

Model: 1, A, K7,

Pey=19% +0.14
7"WZ=O'9470.29

Model: &, Ay,s Kuy

P, =20% Ay, €
[-1.24,-0.81]U[0.78,1.15]

Model: qu, kvq, K

pSM:15°/°
[-1.48,-0.99]U[0.99,1.50]

Model: x4, K,
pSM:9°/°
-0.13

+0.15
KY—1 19775

kg=1.08"015

Model: kg, K, Bi "

Poy=1

8%
BR, ,=-0.16"0%,

-0.30

\s=7TeV [Ldt=4.6-4.8b"
\s =8 TeV |Ldt =203 b’
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Tevatron Cross-Section Fits by Channel

Bayesian posteriors:

6/6/14

L'(datalr) = f L(datalr,v)x(v)dv

= 0.8[ P
@ L (a) Tevatron Runll, L. <10fb )
S . int m,=125 GeV/c
© i
— Combined
£ 0.6 -
'_(BU Y A ==+ H— bb
.8 i === H-> W'W
é— 0.4 B // == Ho 1t
O _’, ..... H—
5 i Y
2 02 SN
a -~ T
£ TSP S

(6 x Br)/SM

H— vy
Ho W'W
H—o t't

VH— Vbb

Tevatron Run I, L, <10 fb”
m, =125 GeV/c?
| Combined (68% C.L.)
—ll- Single channel

| | |
O 1 2 3 4 5 6 7
Best Fit (o

é 9 10
x Br)/SM

Tevatron local significance at m;=125 GeV: 30 in combination using LLR as a test
statistic. T. Aaltonen et al., CDF and DO Collaborations, Phys. Rev. D 88, 052014 (2013).
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Higgs Boson Couphngs to Fermions and Bosons

!

From the Review

of Particle Physics
Higgs Boson Section:
Carena, Grojean,
Kado, and Sharma

Tevatron: Bayesian Posteriors
LHC: Profile likelihood contours

6/6/14

T 1 1 ] 1 T T I 1 1 | I 1 1 |l ‘[ | T 1 l | 1 T I 1 1 1
5 i Tevatron T1 ATLAS A1 CMS Prel. C1 |
95% C.L. 95% C.L. 95% C.L. i
i 68% C.L. I e8%ClL. 68% C.L. |
| * Loc. Min. A BestFit Y BestFit B

4 - <7 Stand. Model

R N
2 —t
o = -
O —
2 | —
* .
4 = -

1 1 1 I 1 1 1 I | | | l 1 | 1 I ] 1 | | | 1 1 l | | 1

04 06 0.8 1 12 14 16 18
Ky

Figure 18: Likelihood contours of the global
fit in the (kp, k) plane for the ATLAS A1 [119],
the CMS C1 [120] and the DO and CDF com-
bined T1 [108] results.
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Bayesian and CL, Limits Tend to be Close Together

CMS-HIG-11-032
. CMS Preliminary,\'s=7TeV ~ |—=— CL Observed
Combined, L = 4.6-4.7 fb’ s Cl Expected + 1o
? Tint N CL, Expected + 20

—_
o

---o--- Bayesian Observed |]
Asymptotic CLs obs |]

95% CL limit on o/og,

—

| | | | | | | ' | | | 1 1 1 1 1 | | | I | ! | | |
100 200 300 400 500 600
Higgs boson mass (GeV/c?)
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CERN-EP-98-046

Different observed limits from CL, using different
test statistics.

Method A: LLR (but no fits)

Method B: Bayeian posterior integral

Method C: Fractional event counting

6.5

. a3 8
Nim £ © Method A &
sig 6 ¢ o Method B 3
55 * Method C =
E o)
SE =
45 E
o g
35 F
3 F
F —
2.5;— —_—o——— ——
g Bt
10 20 30 40 50 60 70

my (GeV/c?)

102

10

10"

But the sensitivities
are hard to tell apart

T

Ty

LR

Average :

® Method A : 3.80 = 0.04
o Method B : 3.91 = 0.05
* Method C : 3.80 = 0.04

LR

0 1 2 3 4

S T T P PR P PR P R P
s 9

7 10
lim

Nsig

Figure 2: Test (I); the distribution of the 95% confidence level “experimental” upper limit for the

Figure 1: Test (I); the 95% confidence level “experimental” upper bound for the number of signal
events, NLE':. as a function of my, obtained by Methods A, B and C. The smallest value, three,
obtained far from the candidate events, is indicated by the horizontal line. The three dots with error
bars show the masses and assumed resolutions of the candidate events.
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number of signal events, N'\iigﬁ assuming my =40 GeV /c?, in 600 gedanken experiments with background
only, as obtained by Methods A, B and C. The average values of the limits are also given in the figure.
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A Pitfall -- Not Enough MC (data) To Make

Adequate Predictions

An Extreme Example (names removed)
35
3

2.5

Questions: What’s the shape we are trying to estimate?
What is the uncertainty on that shape?

6/6/14 T. Junk TRISEP 2014 Lecture 4

Cousins, Tucker and
Linnemann tell us prior
predictive p-values
undercover with 00
events are predicted

in a control sample.

CTL Propose a flat priorin

true rate, use joint LF
in control and signal

samples. Problem s, the

mean expected event rate
in the control sample is
n,,+1 in control sample.
Fine binning — bias in
background prediction.

Overcovers for discovery,
undercovers for limits?
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Some Very Early Plots from ATLAS

Suffer from limited sample sizes in control samples and Monte Carlo
Nearly all experiments are guilty of this, especially in the early days!

o LENN B “SLENE B SR N SRR A LA B A S B S B B S R R '-_102:llllllll|llll]llllIIIIIIIIII
> 1 e Data2011 (\s=7TeV) o 3 ATLAS Preliminary
©10° Ldt~1.34fb Total SM Prediction ~ F Hes 70 GeV
S CD+1i— qq (Templ @ [ \s=7TeV +-Data WM =170 GeY)
Qi ATAS g ol el § I DR
o107 Egese, P Wes (aaclv £ 10 1 ERww Il Zyets
& 0 I Alpgen W— (e, 1)V = E Ldt=35pb ,
. 2 t=35p WZ/ZZW:
B Alpgen Z—> vv w F L Al
SUSY Point (1220,180) C
Multi-Jet Control Region 1
5 jets P, > 80 GeV E
10"
102

0.0 0.5 1.0 1.5 20 2.5

3.0
A9, [rad]

1°E¢'”/1\2 H, (é‘;v"?; ° o,
Data points’ error bars are not sqrt(n). What

are they? I don’t know. How about the uncertainty
on the prediction?

The left plot has adequate binning in the “uninteresting” region. Falls apart on the right-hand
side, where the signal is expected.

Suggestions: More MC, Wider bins, transformation of the variable (e.g., take the logarithm).
Not sure what to do with the right-hand plot except get more modeling events.
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Optimizing Histogram Binning
Two competing effects:
1) Separation of events into classes with different s/b improves the sensitivity
of a search or a measurement. Adding events in categories with low s/b to events
in categories with higher s/b dilutes information and reduces sensitivity.

- Pushes towards more bins

2) Insufficient Monte Carlo can cause some bins to be empty, or nearly so.
This only has to be true for one high-weight contribution.

Need reliable predictions of signals and backgrounds in each bin
- Pushes towards fewer bins

Note: It doesn’t matter that there are bins with zero data events — there’s always
a Poisson probability for observing zero.

The problem is inadequate prediction. Zero background expectation and nonzero
signal expectation is a discovery!
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Overbinning = Overlearning

A Common pitfall — Choosing selection criteria after seeing the data.
“Drawing small boxes around individual data events”

The same thing can happen with Monte Carlo Predictions —

Limiting case — each event in signal and background MC gets its own bin.
- Fake Perfect separation of signal and background!.

Statistical tools shouldn’t give a different answer if bins are shuffled/sorted.

Try sorting by s/b. And collect bins with similar s/b together. Can get arbitrarily good
performance from an analysis just by overbinning it.

Note: Empty data bins are okay — just empty prediction is a problem. It is our
job however to properly assign s/b to data events that we did get (and all possible ones).



A Comment on low s and low b

Bins with tiny s and tiny b can have large s/b (Louis Lyons: large s/sqrt(b) is suspicious)
Naturally occurring in HEP and others seeking discovery:

1) Each beam crossing has very small s and b but has the same s/b as
neighboring beam crossings. Can make a histogram of the search for new
physics separately for each beam crossing. Same s and b predictions, just
scaled down very small.

Adding is the same as a more elaborate combination if the histograms were
accumulated under identical conditions (all rates, shapes, and systematics are
the same)

2) Surveillance video catching a criminal — each frame has a small s, b, but still
worthwhile to collect each frame (and analyze them separately)



The 2011 CERN Unfolding/
Deconvolution Workshop

http://indico.cern.ch/conferenceOtherViews.py?view=standard&confld=107747

And look at the talks for Thursday, January 20, 2011 at the bottom of the page
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Available Software, Tools, Documentation

6/6/14

CDF Statistics Committee
http://www-cdf.fnal.gov/physics/statistics/statistics_home.html
Useful for documentation. Provides advice for common, thorny questions

BaBar Statistics Working Group
http://www.slac.stanford.edu/BFROOT/www/Statistics/

ROOSTATS
https://twiki.cern.ch/twiki/bin/view/RooStats/WebHome
A very complete toolset. | haven’t used it (but | should have). It’s in
common use at the LHC

MCLIMIT
http://www-cdf.fnal.gov/~trj/mclimit/production/mclimit.html
Used on CDF, some use on DO and LHC. Limits, cross sections, p-values,
both Frequentist and Bayesian tools

PHYSTAT.ORG
http://www.phystat.org
Maintained by Jim Linnemann. We toolsmiths really
should keep it up to date...
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Available Software, Tools, Documentation

PDG Probability and Statistics Reviews (ed. Glen Cowan)

http://pdg.Ibl.gov/2012/reviews/rpp2012-rev-probability.pdf
http://pdg.lbl.gov/2012/reviews/rpp2012-rev-statistics.pdf

If these links get out of date, just search pdg.lbl.gov for the mathematical reviews
Excellent brief reference, but maybe a little too brief to learn the material.

Good Reads:

Frederick James, “Statistical Methods in Experimental
Physics”, 2"d edition, World Scientific, 2006

Louis Lyons, “Statistics for Nuclear and Particle Physicists”
Cambridge U. Press, 1989

Glen Cowan, “Statistical Data Analysis” Oxford Science Publishing, 1998

Roger Barlow, “Statistics, A guide to the Use of Statistical
Methods in the Physical Sciences”, (Manchester Physics Series) 2008.

Bob Cousins, “Why Isn’t Every Physicist a Bayesian”
Am. J. Phys 63, 398 (1995).
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A Rather Complete and Lengthy Homework Exercise — Banff Challenge 2
Look at the bottom of this page:

http://www-cdf.fnal.gov/~trj/

T 2 T T
Il Signal g I Signal
[] Background & [) Background

o
H450 k
® Data * Data

Two problems:

1) Find a bump on a steeply falling
background with low stats on one end

10

1 1 1 A 1 1 L 1 | 1 1 1 L 1 1 1
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
X X

2) Perform a hypothesis test with
;:5250%_ o Ese an arbitrary discriminant distribution

[ Background 1

* Duia | and two background components

200

150 =

Simulated datasets drawn from hidden true values

100 =

. supplied to challengees. 2 months given to solve
TEEER problems. Answers and some approaches given
00701 02 03 0.4 0.5 0.6 0.7 08 09 ] on that web site.
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Extras



Statistical Uncertainties on Systematic Uncertainties?

Answer: No. But some systematic uncertainties are difficult to evaluate properly.

See Roger Barlow’s “Systematic errors: Facts and Fictions”,
arXiv: hep-ex/0207026

The idea: If a systematic uncertainty is estimated by comparing two data samples or
two MC samples, or data vs. MC, then if one or both of them have a limited size, then
the magnitude of the systematic can be poorly constrained.

Ideally, work harder (run more MC) to get a better prediction of the expected signal
and background, under all assumptions of systematic variation.

Monte Carlo Statistical Uncertainty is a Systematic Uncertainty
but don’t double-count it for each separate MC variation of each
nuisance parameter. Easy to do by comparing central vs. varied MC samples.

Statistically weak tests should be handed as cross checks. If they are consistent,
consider the test to have passed, but do not add systematic uncertainty.

If they fail, however, and a discrepancy between two MC'’s or data and MC cannot be
understood and fixed, then a systematic uncertainty is called for.
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Outliers

* Sometimes they’re obvious, often they are not.
» Best to make sure that the uncertainties on all points honestly
include all known effects. Understand them!

Lum E30

L. Ristori,

Instantaneous

Luminosity at CDF vs. time
(a Tevatron store in 2005)
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a0 4

P I S S
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LUMZRT

20

hours
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CERN-EP-98-046
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Figure 3: Test (II); the fraction of gedanken experiments with signal+background in which an existing
Higgs boson with 77 GeV /c¢? mass is actually excluded using Methods A, B and C, as a function of

the signal event rate.

6/6/14

T. Junk TRISEP 2014 Lecture 4

48



CMS (s=7TeV,L=5.1fb";Vs=8TeV,L=19.7fb"

;100:""I'"‘I""l'"'I""I""I""I"":
[0} - 106 <m,, <141 GeV N
S 901 .
o E ®© / W 4e:8TeV/7TeV E
& 80 ® / W 4:8TeV/7TeV e
703_ ® / W 2e2u:8TeV/7TeV E
- m,, =126 GeV ]
60/ :
50;— k mil —
o0} :
30F m - £
- ® o O -
20 -
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ATLAS and CMS’s combinations of search channels — Discovery publications

Q_O L [ L I B l L I T 1T ] T T 17T l LI B B | | T T 1T I T T T 1 C'YISI I I I I I I I I I I I \’Is =I7 I‘l'el\/Y |‘_=I 5I1 -Eb‘1| vls =I 8 I‘l'el\/‘ :_ =I 5I3 Tb‘1l I

= ATLAS 2011 -2012 Obe g o
S _ . 3

3 \s=7TeV: [Ldt=4.6-4.8fb" e Exp © o

- . ] : > 102 V ~ _
\s=8TeV: [Ldt=5.85.9fb" ERE a 0 i \\ M 30

1e— © = .

101 S 10 C e \\\7/ =
et 3 e \ - 40

10-3 6 = ~.“ \‘/ -
10»4 10 - \“ ] 50

10° — —

10° 10'8 [—| —— Combined obs. “\.. —
107 ====Exp.forSMH | Tree 66

10 C |— H-vyy -

10° 1010 __~Z —

| il B
1 0-11 11 1 1 [ L1 1 | L1 1 1 I L1 1 ] L1 11 l 1 l“l“l l 1 1 1 1 l 1 1 1 | 1 0-12 _—f I I I'-|I_) tl:’b IIIIIIII ‘\ I I I I : I 1 |“?A : I I 1 I : I I I i—_ 70

110 115 120 125 130 135 140 145 150 110 115 120 125 130 135 14 145
my, [GeV] m,, (GeV)

ATLAS Combined H>yy, H>ZZ, H>WW

) CMS Combined H2>vy, H>ZZ, H>WW,
Search Observation PLB 716, 1 (2012)

H—>tt, H=>bb
Search Observation PLB 716, 30 (2012)

“Wiggles” in the expected p-value at m,, an artifact of using the best-fit nuisance
parameters (in this case, signal acceptance) from the data when generating pseudo-
experiments A true signal pushes up the best-fit acceptance (or at least doesn’t push it down).

Analyses optimized only on MC and not data however.
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Constraining the Couplings of the Higgs
Boson to Fermions and Gauge Bosons

We follow the procedures and notation of the LHC Higgs Cross Section WG
A. David et al., arXiv:1209.0040

The model: SM-like, but
Hff couplings are scaled together by k;

HWW coupling is scaled by K,
HZZ coupling is scaled by k,

For some studies, we scale the HWW and HZZ
couplings by k,,=K,=K,,

Standard Model is recovered if k= Ky, =K, =1

1/18/13 T. Junk CDF's Higgs Searches
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Constraining Couplings

Step 1: Scale cross sections for each process according to couplings

o(gg— H)=0y,(gg — H)(0.95k; +0.05k i)

LO relations, but mostly true

at higher order (most QCD

affects the colored initial-state
o(ZH) = Oy (ZH)K‘% particles. There is

gg—>WH at higher order, however.)

o(WH)=o0,,(WH)x,

-- Pretty much by definition! Unless NNLO VBF includes the
W ggH piece. From Bolzoni, Moch, Maltoni, and Zaro’s
papers, it seems as if the EW ggH piece is not in the NNLO VBF

calculation.

o(VBF) =0, (VBF)x,

A. David et al., LHCHXSWG-2012-001. arXiv:1209.0040
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Two-Loop Electroweak Contributions to the ggH Coupling

g g g

@ @

Y - H ¥ H ’ - H

Ry 9 S
g g g

(a) (b) (d)
Tevatron
Aglietti, Bonciani, Degrassi and Vicini, 8

arXiv:hep-ph/0610033

Anastasiou, Boughezal, Petriello,

JHEP 0904 003 (2009) < ¢
F
Actis, Passarino, Sturm, Uccirati © b
PLB 670, 12 (2008) 5
NLO
or —— NNLO, Cpyy=-10
Grazzini and de Florian | o
PLB 674, 291 (2009) » . . . J . .
110 120 130 140 150 160 170 180
my [GeV]

* Approximately a 5% contribution to the gg—>H production
cross section at m,;=125 GeV/c?. Main contribution is from interference
with the LO process.
e Contribution not included in VBF calculation (HAWK: Denner, Dittmaier, Mick)
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Constraining Couplings

Step 2: Recompute all Higgs boson decay branching ratios from scaled partial

widths
I'(H—gg)=T,(H— gg)(0-95’(]% + O'OSKfKV) Other modes, like
TV frrr—n. 2 H->utu and
I'(H VV_W )_FSM(H TW 14 )KV H->Zy have
I'(H—=bb)=T,,(H %bb)l(; very small
widths
[(H—1't)=T,(H—=1"1t)k;
I'(H = c¢) =T, (H = co)K’ Br(H — XX) = I'(H = XX)
I'(H—Z7Z)=T,(H — ZZ)x, Eri
2
[(H —yy) =Ty, (H = yp)|ax, + x|
f Y 1 arSAVAVAVAVES
a and B come from Spira et al., h" B h’ 5 S
arXiv:hep-ph/9504378 f‘ AN Y AN, Y

a=1.28 B=-0.21
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Some work from theorists

Espinosa, Grojean, Muhlleitner, and Trott, “First Glimpse at Higgs’ Face”,
arXiv:1207.1717v2 (updated Aug. 21 with post-ICHEP data) JHEP 1212, 045 (2012).

Tevatron Run Il Preliminary
- L <10.0 fb

my, = 125 GeV/c?
H—o W'W™ - [ ] combined (68%)

- Single Channel

H- vy - u

H— bb [~

| | | | |
0 1 2 3 4 5 6 7

June 2012 Best Fit G/GSM

a=K,, C=K

1/18/13 T.Junk CDF's Higgs Searches 55



More Complete Treatment of Signal Scalings

Example: HWW Search. All Signals have H>WW, but different
mixtures of production mechanisms in each search channel.

Each signal contribution should be scaled by the appropriate factor Pie charts show relative
contributions.
“ ggH
Zero = WH “ geH
Jets ~ZH Sl & WH
B VEF Sign di- ~ 7H
leptons “ VBF
“ ggH
One “ WH
Jet ~ ggh
- ZH .
Tri-Leptons
“ VBF ‘ Z-rejected | ~ 7H
— “ VBF
: o8 “ ggH
WO or “ WH ’ = WH
More 7H Tri-Leptons
Jets Z-selected - ZH

“ VBF \ '/ “ VBF
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Sighal Rate Enhancement Factors for gg>H->WW and WH->lvbb

N\ K
\\;' .}\\\\\\\\\ , 4
TR . X
e\ 1 AANG WS

\=%% ‘ e\,
O\ S AZN\ X, 77
" NG

Ziba
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Signal Rate Enhancement Factors for ttH->ttbb and WH->WWW

ttH(H—>bb)

[]7
T T
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Posterior Constraint on the Hff Coupling Factor k;

O
w
| -]

---- Best fit

[]68% C.L.
95% C.L.

Posterior density
o
N

0.1 —
O I I I ] I
-5 0 S
K
e Uniform prior assumed Excess in the H>yy searches drives the

asymmetry from positive and negative

*  Ky=K;=1assumed coupling scale factors
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Posterior Constraint on the HWW Coupling Factor Ky,

-c"% i ---- Best fit il
S 0.6 B les%»CL.
© B 95% C.L. _
| -
9 I
L |
o 0.4
= i
\n
S i
0 i

0.2 -

0
e Uniform prior assumed Excess in the H>yy searches drives the

asymmetry from positive and negative

*  K¢=K;=1assumed coupling scale factors
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Posterior Constraint on the HWW Coupling Factor K,

1/18/13

1 1 |
=== Best fit

= ]
= -
C 03 []esxcL —
) _ _
© | [ Jes®cCL |
S | :
@ 02 -
»n I _
O
o i |
0.1 -
0

A
N

Uniform prior assumed
K:= Ky = 1 assumed
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Two-Dimensional Constraints: Bosons vs. Fermions
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6 | | | | | | | | | | | | | | | | | | |
[ Local maxima A SM
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O | _|
Dk _
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Ky

2

Uniform prior assumed

Large K, with small k;
constrained by
trileptons, same-sign
dileptons

Large k; and small k,,
constrained by ttH—2>ttbb
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Two-Dimensional Constraints: W vs. Z Couplings

N 3 _I L | L | .I [ | L | [ I_
< e Local maxima A SM 1
- [[168% C.L. 95% C.L. 1 _ .
ol ] Uniform prior assumed
I K; floating -
I K¢ integrated over
1 . (“marginalized”)
of - Less constraint on HZZ
: than on HWW
AF : . .
i All couplings consistent
i ] with SM predictions
_2 I I | | I I | | ] S — - | I | | L1 1 1

0 0.5 1 1.5 2 2.5
Kw
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