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Shakespeare’s Writing Method

Develop a large vocabulary

Play with words

Invent new words and phrases

Develop the common touch

Read great literature

Study the great orators, actors and the popular

Live with passion

Write, write, writel!l
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How much does the tt cross section change from
TeV to LHC?

m 10X
m 100 x
m 500X

[Kidonakis]
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How much does the "\~ (m, =200 GeV) cross
section change from TeV to LHC?

m 10X
m 100 x
m 500X

[Pythia]
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How much does the "\~ (m, =200 GeV) cross
section change from TeV to LHC?
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How much does the W4, cross section change from
TeV to LHC?

m 10X
m 100 x
m 500X

[MadEvent, k7 > 20 GeV]
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How much does the W4, cross section change from
TeV to LHC?

m 10X
m 100 x
m 500X

[MadEvent, k7 > 20 GeV]
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Dilepton invariant mass spectrum
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Heavy Colored Objects

Large Kinematic Reach
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m LHC phenomenology begins with rediscovering
the Standard Model

m The path starts at the Tevatron
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Not-Top Cocktail
CDF PRD, 162 pb~!

Top Background Summary

N N R
Single t
4
3 \ .
n 2 . Complicated
ol - - .
[ Wee We Other tt contamination in
re) ‘31 \ \\ Njets=3,4 (1.0,1,3)
8 % N work on
g Mistag QcD Wbb Mistags,Wbb,QCD
Z g QCD,Mistags
2 < reducible
1 N
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Expected Events (162 pb™) -~
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Mixing the Cocktail

Method 2

Monte Carlo ratio
R = (W + b — jets) /(W + jets)

m Common factors cancel
Measure W + jets (no b-tag)
data(W + b — jets) = Rxdata(W + jets)
Wej/Whbb from Monte Carlo

m Several R's
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High Multiplicity Tree Graph
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Tree Graph + Parton Shower
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Lower Multiplicity Tree Graph
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Lower Multiplicity NLO Graph

gph 3
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Clever Matching of Tree Graphs and Parton Showers

Make Better Predictions

PYTHIA=Ps (hadron level)
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Address Uncertainty

HERWIG—Ps
HERWIG—MLM
- HERWIG—CKKW
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Clever Matching of Tree Graphs and Parton Showers
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Cross check on Run2 data

N e D@ Run Il Preliminary
=~ F Z/y (- e*e) +2n jets, 343 pb”
R L o Jets:p; > 20 GeV, | <2.5
s F ;
Tm'i— .
s.f £
©10° : #
10% ,;_ e Data (errors: stat + sys)
- 0 MCFM(CTEQ8M) e
10° E ------- ME-PS (CTEQS6L)
T R S Ry D
Multiplicity (=n jets)
Includes up to Zjjj, j = q,g | e
L.
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Single Top

New Physics Warm-Up S

Wbb
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. . Individual object kinematics
m current state of single-Top is where P71, 0re)

Pr(ietlyniaggaa)

we will be at the LHC with a few 77 e snceet)
quality fb_l prgf‘;.:;b;ﬁm kinematics
Mo (jet1, jet2)
. . pr(jetl, jet2)
m the size of other NP signals Malless)
Hr(alljets)
M(alljets — jetly, ..q)
o i H(alljets — jetl,,eaa)
m it is a playground for new analysis PR
. alljets — jet
techniques el s
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Hr(alljets — jetyozy)

m it challenges our tools M50Dggca) = MW e g s)
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Not specific to NN analyses: may Angalar variables

AR(jetl,jet2)
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Network Outputs

http://wwuw-d0.fnal.gov/Run2Physics/top/public/winter05/singletop/

tt Training »
5 ¥
:g —e-Data D@ Run Il Preliminary, 230ph™ .g' 12
P 607 —t-channel (x10) o
g | M ' E 10
u>J L Wijets =
| Il multijet .é_ 8
40 .
L + 0.5 6
4
2 *
] 2
D@ Run Il Preliminary, 230pb’
0 0.5 1
0.5 1 tqb-Wbb NN output

tqb-tt NN output

m How do we convince ourselves of a signal?

m How can we improve upon the search?
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http://www-d0.fnal.gov/Run2Physics/top/public/winter05/singletop/

F For All Channels &owenetal

+ AtLO, tt removed

» t-channel and W+jets
are comparable in size

- Caveat: NLO tt -
correction from Kuhn 7](’
and Rodrigo, '98 ¢

+ Expect QCD
contribution to be
small

s-channel

_t-channel

pseudo-rapidity

weighted by R
lepton charge n
| de o o de 1,
F == - (-4, j
L=2 mﬁ,m}f(’" 7.) FER 7,1,
4/29/2004 CERN TeV4LHC Meeting

Tevatron hard. Exploit charge asymmetry at LHC.
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m To understand the data, look at the Vista of
final states
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Final State Chi2 data bkg

1b3j1pmiss_sumPt400+ [73] 9.0 451 374.5 +- 18 ( pytl
2ble+2j [-] 8.0 15 6.5 +- 1.9  ( tto]
2j_sumPt0-400 [161] 6.0 69704 67013.6 +- 1171.2 ( pytl
7b7j1iphipmiss [-] 6.0 7 7.1+ 1.6 ( pyt]
2j2mu+ipmiss [-] -5.0 2 12.2 +- 3 ( mad.
1b2e+2j [-] 5.0 9 3.9 +- 1.5 ( mre:
1jiphipmiss [5] 4.0 2591 2470.1 +- 37.7  ( pytl
2jlmu+iph [-] 4.0 11 11.2 +- 2.2 ( mrex
le+1jimu+ [-] 4.0 13 6.6 +- 2.1 ( zto)
1e+2j1ph [-] 4.0 31 20.9 +- 2.7  ( mad,
3j2mu+ [-] 4.0 34 23.2 +- 2.7 ( mre:
2b2j1pmiss_sumPt400+ [-] -3.0 17 30.4 +- 4.2 ( pytl
1b2j_sumPt400+ [229] 3.0 4669 4518.6 +- 72.7  ( pytl
4j_sumPt0-400 [253] -3.0 2611 2736.9 +- 42.3  ( pytl
2bljiphipmiss [-] 3.0 6 2.7 +- 1.5 ( pytl
1b1jimu+ [-] 3.0 67 53.8 +- 4.3 ( pytl
1jiph [277] 3.0 31738 31149.8 +- 352.1  ( pytl
le+imu+ [-] 3.0 66 53.5 +- 3.2 ( zto)
4jimu+ [-] 3.0 73 61.3 +- 2.6  ( pytl
55 [269] 3.0 448 406 +- 14.5  ( pytl
155 [-] 3.0 8 8.9 +- 1.7  ( pytl
1bljlpmiss_sumPt0-400 [-] 2.0 120 104 +- 7.2 ( pytl
2jlpmiss_sumPt0-400 [37] 2.0 2381 2281.2 +- 73.9 ( pytl
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Final State Chi2 data bkg

1b2e+2j [-] 5.0 9 3.9 +- 1.5
( mrenna_e+e-jjj = 1.9 , mad_e+e-jj = 0.5 , mrenna_e+e-jj = 0.4 , mad_e+e-b-b = 0.4 ,
ztopcz = 0.3 , pyth_jj_040 = 0.2 , mad_aajj = 0.1 , mrenna_e+vejjjj = 0.1 ,
0.1

hewk03 = , wtoplz = 0.1 )
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Distributions
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m Give a complete description of the Standard
Model with the best tools
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Patriot

% FBSNG on the web
Farm:

S0
Time:  Wed Sep22 11:83:24 2004
Fepert: List of queues

Al qususs Neme  Stores

Active quenes | fesel OK  Asceworker
Auger OK  Auger_Worker
o8 0 oK 1o
Krevien O KTev_Long
Funze oK Runznc,

Fatresn
fautomanuan

Multi-Terabyte
Mass Storage
of final results

enstore

Product Desc

Enstore provis
tape. It provides a generic interface so experim
mass storage systems as casily as if they were

ProcessType Sk Prio

o

) s000
e o
150 1000

to and management of data stored on

~ 200 worker & 2 IO

Disk storage

nodes for results of

Vit Ready  Homwing | Total intermediate steps
o o s e
E B A FermItooTs
¢« o em w ——
o o g

Dfarm - Disk Farm System

e af 2 hig o
disk parttions inta a sing
similar to UNIX fi
Gata stored in Disk Farm through

file system primitive operatians such as “create
diractory”, “get ile®, “put file", et
Disk Farm helps onirol negarive effec

nade unraliasiliy oy allow
replicas of data fies on multip

Standardized
Structure for
Datasets

STDHEP & MCFIO

PARAMETER (NMXHEP=4000)

COMMON,/HEPEVT /NEVHEP , NHEP, TSTHEP (NMXHEP) , TDHEP (NMXHEP) ,

&JMOHEP (2, NMXHEP) , JDAHEP (2, NMXHEP) , PHEP (5, NMXHEP) ,VHEP (4, NMXHEP)
DOUBLE PRECISION PHEP, VHEP
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Vista

Model-Independent and Quasi-Model-Independent Search for New Physics at CDF

son,’ and Bruce Knutes

Khaldoun Makhoul,’ Markus Klute,* Conor He
1T

Georgios Choudals

Ray Culberts
FNA

CDF Collaboration'!
(Dated: February 1, 2006)

Data collected in Run 11 of the Fermilab Tevatron are searched for indications of new electrowealk
scalo physics. Rather than focusing on particular now p]lr\h‘ arics, CDF data are analyzed
for diserepancies with the Standard Model prediction. A modek-independent appre
the groes features of the data, and is sensitive to new ics. A
independent approach emphastzes the high-pr tails, s
scale physics. ] global search for new physics
reveals no inc n of physs yond the Stan

& 600 pb™! of M\wllm s at /5 = 1.96 l<\

Model.

Contents 2. SLEUTH 2
. Motivation 1 B. Stevrs: Minimum number of events 22
I C. Cosmic ray and beam muons 23
D. Misidentification matrix 23
E. Vista: Estimation ¢
1. Mistaken choice of v
Intrinsic k
Fudge factor covariance matrix
F. Sensitivity 28
IIL. SLEUTH
A. Strate References 29
B. Final stat
C. Variable
D n
E. Its

IV. Conclusions 2

Acknowledgments 20 .ﬂ

, ,m
A. Code L. MOTIVATION h

L Vista
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m Use the data to test our modelling of fakes
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Midterm Summary

The first New Physics to find is the Standard Model

Need complete description of most important processes

Understanding comes from looking at consistency of full
dataset

Then, how do we find New Physics?

e
e 3

Stephen Mrenna LHC Phenomenology



5 g8

Squark Mass (GeVic)
I

e
S

a0 160
m, (GeVic™}

°

120 140 60
m, (GeVic?)

It Lumiaty pr Ex. 5"
3

—— e s i iz
H<0'<
"8

e

sicon Run 1L Prelicminacy

ot BRI (pb)
-

(14X (p)

TiER




e" e bb Final State

0.20 \ T

Events per GeV
o o
o =
o (&
! 1
I

100 200 300 400

Y pr (Gev)

e
e 3

Stephen Mrenna LHC Phenomenology



Events per GeV
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Events per GeV

Stephen Mrenna

e" e bb Final State

0.20

=3

.

o
L

=

[

o
!

100 200 300 400

S pr (Gev)

LHC Phenomenology




Events per GeV
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. Eile Edit ¥iew Go Bookmatks Tools Window Help |

" OO O O Q |% http:éfmadgraph.hep uiuc edus | [G\ Search ] ‘S;Q

. 4% Home [E3Bookmarks

MadGraph HomePage

by Fabio Maltoni and Tim Stelzer

Other
approaches

Citations

Generate Calculated Cross Sé)':lrce FAQ Developments

Process Sections

1N

Generate Process Code On-Line
Quarks:duscbtd~u~s~c~b~t~

Leptons: e- mu- ta- ve vin vt e+ mu+ ta+ ve~ vim~ vt~
Bosons: A ZW+W-hg

Special: Pj (sums over dus ¢ d~u~s~c~g}

Process: | PP = W+ = e+ ve jjj Submit | EXAMPLES

Max QCD Order: |4
Max QED Order: |4

To improve our web services we now request that you register. Registration is quick and free. You may
register for a password by clicking here
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Generic Particles and Vertices

Fo— (G(l)

+G(z)1ﬂ )

. v

Lors = J* (6075

= +Gc(2)l+’} )15*

.vav = —i} { ((3‘1" l;z)(" Il*‘“{/* _ ‘[‘,2;/*14,:{”)
(()ﬂ" 2,/)(‘ 1Y lm _ L{;}u*‘;ljn)

(B, V3 (VI VY — VIV

Lws = GV,

2

‘5*

e e 9P ax
Lsggs = GS[555; Lygs =16V, S5 @S]
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Simpler Problem
Whbb Anomaly
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<3 Quaero - Microsoft Internet Explorer, |:I|E[g|
File Edit ‘Wiew Favorites Tools  Help

Address |gj http: fimit1.Fnal.gov/~knutesonfQuaero/quaera_developmentf V| Go Links

Quaero
A General Interface to HEP Data
MWotivation  Interface  Manual
Algorithm  FewkDE  OptimalBinning
Development Examples D@ Runl

Signal
O Pythia O Suspect O MadEvent
| Browse..
Requestor
Email: | | Model: |
©i
@j & Internst '
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Examples #11

Leptoquarks — ee 2j
L Variables ]

Constraints; l

Variables:
wl el_pt+e2 pt+j1_pt+j2_pt+j3_pt+jd_pt
w2 |mass(e1,e2)

Sig

8

3%

Background density

Signal density  Selected region
0

-2 : -

e x1o0t co0
8. -

0'1 ol g I
0.05 0.05 E" T

@ 0 200

0 0

100 100
m 200 400 m 200 400 o0t . .1,

£€ 300 200 £ 300 200 200 400

Stephen Mrenna
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Story Fit
1 z
" b
oo Xif 4
d W B 05 10 15
M (100 GeV)
2 £
[V S|
15 -
gz 1.04 r
0.5+ r
) 05 10 15 "
M (100 GeV)
2
! 15 -
gz 10 -
05 -
I I I I -
05 10 15
M (100 GeV)

log1o

p(s+b)
p(b)




T Fle Edit View Options Tools Window Help

2w .8 8. .a.

Send Address  Aftach Spell  Security Save

From: ‘Eard <bard@fnal.gov>

To: || B witten@ias.princeton.edu

Subjeet: | New Physics

Dear Prof Witten,

I have analyzed the excesses observed in the data,
and have determined the following stories, ranked in descending
Tog Tikelihood:

Story 1
Particles (sU(3),Q.type)
t4/3F

Mass (GeV)

2514/-12 1043+/-102  341+/-73
Interactions

sss b b 555 W+ W- sss t4/3F t4/3f~ ....
CoupTing

L4/-.03 34/-.1 1.0+/-0.3

Story 2

Could you please tell us the correct string vacuum?

Sincerely,

the Bard .*.
1 2
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BarD: Interpreting New Frontier Energy Collider Physics

Eruce Hnutesaon
M

Stephen Mrenna

FNAL

e
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Debunking Anomalies

Unexpected Consequences

1400

1200
Mock Data

1000
Monte Carlo
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The Bard at the LHC

m LHC phenomenology begins with understanding the Standard
Model

m A look at the full Vista of final states at once is necessary to
disentangle the components
m Discrepancies can and will arise in specific final states
m Bard can write a series of ranked stories to describe each
m bottom-up
m Can test this on Run2 data

e
e 3
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The Bard at the LHC

m LHC phenomenology begins with understanding the Standard
Model

m A look at the full Vista of final states at once is necessary to
disentangle the components
m Discrepancies can and will arise in specific final states
m Bard can write a series of ranked stories to describe each
m bottom-up
m Can test this on Run2 data
m It works
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The Bard at the LHC

m LHC phenomenology begins with understanding the Standard
Model

m A look at the full Vista of final states at once is necessary to
disentangle the components

m Discrepancies can and will arise in specific final states
m Bard can write a series of ranked stories to describe each
m bottom-up

m Can test this on Run2 data
m It works

m No, we haven't found anything - - - yet

e
e 3
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Extra Slides

e
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Matrix Elements + Parton Showers

MLM Method Why it works

Parton shower and hadronization are
essential for studying b-jets

m Parton shower W+Npartons but
reject emissions that are too hard
(i.e. each post-shower jet should
have a pre-shower parton
associated with it)

m Build up inclusive or exclusive
samples (i.e. allow or disallow
pure PS jets)

m 6R/R ~ 25— 30%

m For each N, PS does not add
any jet harder than p2Tcut
m Can safely add different N

samples with no
double-counting
m Apply looser rejection on
highest N

m Pseudo-showers assure correct
PS limit, while retaining hard
emissions

m Interpolates between limits

e
e 3
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Not-Top
More Interesting Than Top

Understanding W+Jets is Critically Important

m Signature Whb + X is common to unconfirmed Standard
Model processes and many new physics processes

m we “know” that Standard Model top is there
Top = Data — Not-Top
m As JES uncertainty is reduced (CDF m;), understanding
of Not-Top sets/limits understanding of Top

m Advanced (i.e. NN, DT) search techniques for single t
exploit differences in many (11) kinematic variables

m Not-Top challenges our tools

Better tools = more challenging questions

e
e 3
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MCFM vs MEPS

150 200 250 300 350

L1
MEPS 20 GeV.

L
MCFM NLO

Ratio Whb to .015 Wijj (pb per 20 GeV)

150 200 250 300 350

HT (GeV)

Matched Datasets have consistently
steeper slopes (note: MCFM steeper

than LO)

Stephen Mrenna

MCFM vs MEPS

150 200 250 300 350
L I L L L
MCFEM NLO

T R S B
MEPS Truncated 20 GeV.

=t - 1.0

MEPS Truncated 10 GeV. MEPS Truncated 15 GeV.

15 L

Ratio Whb to .015 Wijj (pb per 20 GeV)

150 200 250 300 350

HT (GeV)

Truncated Datasets contain only
Wbb + Whbj
Slopes more consistent with MCFM

-

e
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Kinematic comparisons with Run2 data

Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c; AT]>1 .

® ME-PS decomposition

| Zeppenfeld delta eta 3 * | —Data \ Zeppenfeld delta eta 3 * | .ﬂp"p.gwp‘,p
. 0p+1p+2p+3p
700 i —A+H 3p . W
600 t }* —A+H 2p 29 o
t f ~ME-PS 00/ w

1501
100[-

50|

ok
5 4 3 -2 41 0 1 2 3 4 5

N3 =13~ w A+H = Alpgen+Herwig

.
o
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Understanding Fakes




Understanding Fakes (cont)

Knuteson, Culbertson, et al.

et e ;ﬁ no Tt T ol J
et 162154 33 0 0 1161 13749 25913
e 24 62300 0 0 0 1156 3730 25817
ut 0 0 50330 0 15 0 0 596
o 0 1 0 50294 0 11 0 573
v | 1381 1326 0 0 8 14 67732 21372
7% | 1196 1208 0 0 25 34 59727 31651
7t | 266 0 115 0 72113 42 117 23908
T 1 352 0 88 80 71491 169 24499
K*| 150 1272 1 73333 36 49 21670
K~ 1249 0 163 112 71701 151 23654

TABLE XIV: Central single particle misidentification matrix.
Using a single particle gun, 10° particles of each type shown
at the left of the table were shot with pr = 25 GeV into the
central CDF detector, uniformly distributed in 6 and in ¢.
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