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Jet algorithms

® To date, emphasis in ATLAS and
CMS has been (deservedly so)  calorimeterjet
on jet energy calibration and not
on details of jet algorithms

® But attention to the latter will be
necessary for precision physics at
the LHC
+ thisis a good time for ATLAS,
CMS and theorists to be talking
® Big effort at Les Houches 2005
on this aspect

+ I've been collecting some
information on jet algorithms
and other aspects of LHC
physics at some benchmark
webpages

¢ www.pa.msu.edu/~huston/Le
s Houches 2005/Les Houch

eS_SMhtmI P q |."|=|.-'|j.'||'|_;_'§
® Also part of TeV4LHC event
workshop




Jet algorithms

® For some events, the jet structure
is very clear and there’s little
ambiguity about the assignment
of towers to the jet

® But for other events, there is
ambiguity and the jet algorithm
must make decisions that impact
precision measurements

® |f comparison is to hadron-level

Monte Carlo, then hope is that R e Reg y)
the Monte Carlo will reproduce all — MidPoint R=0.7

of the physics present in the data 5K
and influence of jet algorithms
can be understood

+ Dbut needs to be studied for »
precision physics topics, such 150

as top mass determination ol

+ more difficulty when
comparing to parton level
(HO) calculations

Only towers with E > 0.5 GeV are shown




Algorithms

® Jet algorithms should be able

to operate on parton, particle  calorimeterjet
and calorimeter levels

+ and corrections from one ———» theme for

level to another should be workshop
clearly specified/determined

® Jet algorithms can either
measure closeness in
coordinate space (cone) or in
momentum space (k)

+ connection between the two,
as we’ll hear in Matteo

Cacciari’s talk later in this  partonjet
workshop
+ almost all experience at the
Tevatron is with cone
algorithm; mostly k- at —> +—
LEP/HERA o I il
a this is a problem as we rely ) o q ST e

et

on the Tevatron for (recent)
experience with hadron-
hadron colliders



Cone Algorithms

As mentioned before, almost all
experience at the Tevatron is with
cone algorithms

Why?
o trigger uses cone-like algorithm
+ underlying event and multiple-
interaction correction is trickier
with k; than with cone algorithm
+ comfort-level with cone algorithm
due to long experience
CDF (JetClu) and DO used own
versions of iterative cone algorithm in
Run 1
Midpoint cone algorithm developed
for (joint use in) Run 2
Differences have developed between
implementation of midpoint in last few
years
NB: both CDF and DO cone
algorithms require presence of seeds
to start searches for jet cones

+ implicit infra-red sensitivity, but
numerically small

q\..l....&



Midpoint algorithm

* Midpoint algorithm: cone algorithm (R=0.7) (clusters particles whose
trajectories/towers are close together). In contrast to JetClu's use of
e and n, Midpoint uses pr and s Yy

* Need to do this consistently at parton, hadron and calorimeter level.

* Calor Jets: begin with 1 GeV seed towerst — cluster towers (Pr >
100MeV) into a centroid if AR = \/{&qﬁ)i + (AY)Z < 0.7.

* Start new search cones at the midpoints of stable cones}

* Overlapping jets- merge jets if overlapping energy is > 0.75 the energy
of the smaller jet (choice: DO uses 0.50)

* Calculate jet quantites from final stable cones: Pp. Ex, Y, ¢ etc

T Clustering begins around seeds, pres-
ence of soft radiation can cause merging
of jets

* Ideally algroithm is insensitive to soft
radiation.

1 Addition of midpoints lessens the sen-
sitivity



Need to correct from calorimeterto —

Jet Corrections

hadron level
And for

L 2

underlying event and out-of-cone
for some observables

resolution effects

hadron to parton level for other
observables (such as
comparisons to parton level cross
sections)

A can correct data to parton level or
theory to hadron level...or both
and be specific about what the
corrections are

note that loss due to
hadronization is basically
constant at 1 GeV/c for all jet p;
values at the Tevatron (for a
cone of radius 0.7)

a for a cone radius of 0.4, the two
effects cancel to within a few
percent

interesting to check over the jet
range at the LHC

Corrections

-
=

2nd theme for this

workshop. See Ben Cooper’s talk.
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® CDF Run Il result in good agreement
with NLO predictions using CTEQG.1

CDF Run 2 results

pdf's

L 4

L 4

® ...and with results using k; algorithm

L 4

enhanced gluon at high x

I’ve included them in some new
CTEQ fits leading to new pdf’s

the agreement would appear even
better if the same scale were used in
the theory (k; uses p;m/2)

® need to have the capability of
using different algorithms in — 3rd theme <
analyses as cross-checks
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CDF Run 2

® Precise results over a
wide rapidity range

® Good agreement with
CTEQG6.1 predictions
using CDF midpoint
algorithm

® PDF uncertainties are on

the same order or less
than systematic errors

® Should reduce

uncertainties for next
round of CTEQ fits

¢ so long to eigenvector 15?

cone results

Data / Theory Data / Theory
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Ratio to CTEQ6.1M

Ratio to CTEQS.1M

Ratio to CTEQG.1M

Need to go lower in p; for comparisons of the two algorithms, apply k; to

Forward jets with the k; algorithm

ly*="1<0.1
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10



11

New ki algorithm

® k. algorithms are typically
slow because speed goes as
O(N3), where N is the number

of inputs (towers, particles,...)

® Cacciari and Salam (hep-
ph/0512210) have shown that
complexity can be reduced
and speed increased to
O(NInN) by using information
relating to geometric nearest
neighbors

+ should be useful for LHC

+ already implemented in
ATLAS

o see Matteo’s talk on Thurs

CBNT Time
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® Matching a cone algorithm at

12

So what's the problem(s)

(NLO) parton level and at
detector level

® To illustrate, construct a
Snowmass potential which

indicates where stable cone

solutions can be found

terms of the 2-dimensional vector 7 = (y,¢) via

s

r = 1
V(7)) = 9 Zp]—"j (Rgone - (?
=g

7

= 7)) © (Bone = (77 = T)7) -

*z=p*?/p,*!!; d=AR between partons

'At NLO; two partons within region I or II will be called one jet
R,., parameter was introduced into the theory because

experiment reconstructs separate jets if AR>Rsep*Rcone

midpoint seed was

i I I n e oo intended to remove
0.6_] 0.6 _|
: . need for R,
0.4 04
0.2 0.2
R=0.7 R:p; s
GI4 ﬂll? TIZ 7,[5 UI4 D[B 1,[2 1,‘5
d d

Figure 15. The parameter space (d,Z) for which two partens will be merged into a single

(39) T

| T N stable solution
The flow is then driven by the “force” F ( 7)) = —VV( 7 ) which is thus given by, os . —I'. --- E:Eg"’” at pOSi tion of
S am(E=Te (Fome = (77 = 77) — > | o left parton, at
= (?-"{( ) S prgs (10) o o w right parton
- m) md: :he) i uns over § € O(F) such that and at mi’dpoint,
(s — U] + (U 52 <R As desired, this force pushesjthe_ cone to the stable  cofr—wr—orar—s— o0 but there’s no
::"on; position. : o a ot parton seed at
o ) midpoint

Figure 18. A schematic depiction of a specific parton configuration and the results of
applying the midpoint cone jet clustering algorithm. The potential discussed in the text
and the resulting energy in the jet are plotted.
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® Matching a cone algorithm at
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So what's the problem(s)

(NLO) parton level and at
detector level

Parton configurations that will be
included in a jet at NLO will not

be at hadron level due to

stochastic smearing because of |
parton showering/hadronization PR PR

\
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Figure 18. A schematic depiction of a specific parton configuration and the results of
applying the midpoint cone jet clustering algorithm. The potential discussed in the text
and the resulting energy in the jet are plotted.

*z=p*?/p,*!!; d=AR between partons

*At NLO; two partons within region I or II will be called one jet
*R,., parameter was introduced into the theory because
experiment reconstructs separate jets if AR>R_*Rcone

_ N A _ L midpoint seed was
06| 6] intended to remove
" 24 need for R,

" o] s:5| ...but it’s smearing

not seeds

d d

aaldle cone Ha
Figure 15. The parameter space (d,Z) for which two partens will be merged into a single

jet
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have lost central solution (both
partons) and right solution...

some energy ends up unclustered *°
in any jet
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Figure 19. A schematic depiction of the effects of smearing on the midpoint cane j
clustering algorithm.



Some major silliness

00

® Matching a cone algorithm at (NLO)
parton level and at detector level

® Parton configurations that will be
included in a jet at NLO will not be at
hadron level due to stochastic

0.1

Vir

smearing because of parton
showering/hadronization

® Modified midpoint algorithm use
smaller initial search cone
reduces unclustered ene

+ recovers right solution, but in most Pythia 400 GeV/e, Hadrﬂn—levell

cases not central £ 1o
a ie. R still needed e
SR L : wor _—
a consider this an interim solution oL Hideaint (pangeV: 28
+ default midpoint algorithm has ~2% of F I ——— SsarchCans Ri2(>00GeV: 0.0%)

400 GeV/c dijet events with >50

GeV/c of unclustered energy "”;‘
® All cone algorithms with seeds are
IR-sensitive 10
+ DO version of midpoint algorithm has
IR-sensitivity <1% ]" L
+ CDF version has IR-sensitivity of ~1% 0 50 1m0 1s0 200 250 a0

a but essentially no unclustered Unclustered Pt (GeVic)

energy

Figure 20. A schematic depiction of the effects of smearing on the midpeint cone jet
clustering algorithm and the result of using a smaller initial search cone.

Alissed] Towers (ot in
Tiges T see this™

14

Haw can that happen®

any cone centered
here is attracted
towards ncarby larg
cluster of cocrey



Jet algorithms

® The idea of the mid-point cone
algorithm was to

+ provide more perturbative
stability for the theoretical
calculations

+ provide a jet algorithm
common to CDF, DO and
theorists

® But to the strong disappointment
of at least one theorist, CDF and
DO are using different
implementations of the midpoint
algorithm in Run 2

® |et's not disappoint him at the
LHC

15




DO report at the TeV4LHC meeting at CERN

@ [o address CDF observation of unclustered Er

CDF MC event run through D0 detector simulation

iPhi

of- T

501

@ Runll cone R = 0.7

L o Jet towers
s @ Unclustered towers
‘ pl < 2GeV

@ Unclustered towers
pl > 2GeV

We see it too!
What about ATLAS and CMS? Currently investigating.

16
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Can’t we all just get along?

® | still believe that at the LHC, need

. . Raw Jet P, [GeVic] Event 1860695 Run 185777
both k; and cone jet algorithms . JetClu R=0.T
® [|'m working now on a version of the Lo y
jet cone algorithm that matches as ¢ Deo7 223223 3"

closely as possible seedless pQCD

+ trying to bypass both Scylla and
Charybdis

Only towers with E; > 0.5 GeV are shown

® Tryingt ize/think f _
T;XI/Z?_HOCSWQS Sze/ et Steve, Ken Hatakeyama and myself are working

® Further discussion this workshop ~©On & review paper on this subject



Seeds and sensibility

® To save on computer time,

experiments require seeds for
initiation of jet cone searches

+ impact on experimental cross
section compared to seedless
algorithm is small

Seeds have also been used in
the theoretical calculations, but
here the number of potential
seeds is small

+ the requirement for seeds
introduces a dependence on
soft gluon emission

+ the midpoint algorithm
removes this (logarithmic)
dependence to NNLO, but not
for higher orders

Steve’s suggestion: if you must
use seeds in your experimental
algorithm, correct to seedless

level before comparison to data

S EBS:
SENSIBILITY
| .

-5 1l

emuch larger corrections already
performed by experiments

18
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Cross section predictions for LHC

These are predictions for ATLAS based on the CTEQG6.1 central
pdf and the 40 error pdf's using the midpoint jet algorithm.

g 2.8 O<y<l __. 2— l<y<2
1 é - _ ) F - -
: 05k 05|
107 1000 2000 3000 4000 1000 2000 3000 4000
= 2 E 2eyady
> .
2 - .
s s eigenvector 15
= 1. % g .
g0 causes major
< .
3 05k excursions as at

107 &
F FIG. 31: The uncertainty range of the inclusive jet cross section at the LHC. The curves are
graphs of the ratios of the cross sections for the 40 eigenvector basis sets compared to the central

(CTEQ6.1M) prediction (ordinate) versus pr in GeV (ordinate).

1012 i

1000 2000 3000 4000 5000
pT [GeV]

Need to have jet measurements over full rapidity range and good
control over rapidity variations of jet systematics.

* v+jet balancing

«diiet balancing
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Benchmark studies for LHC

® Goal: produce predictions/event samples corresponding to 1 and
10 fb-

® Cross sections will serve as

+ benchmarks/guidebook for SM expectations in the early
running

A are systems performing nominally? are our calorimeters
calibrated?

A are we seeing signs of “unexpected” SM physics in our data?

A how many of the signs of new physics that we undoubtedly will
see do we really believe?

+ feedback for impact of ATLAS data on reducing uncertainty on
relevant pdf's and theoretical predictions

+ venue for understanding some of the subtleties of physics
Issues

® Has gone (partially) into Les Houches proceedings

® Companion review article on hard scattering physics at the LHC
by John Campbell, James Stirling and myself

+ “Hard Interactions at the LHC: a primer for LHC physics”
¢ www.pa.msu.edu/~huston/seminars/Main.pdf



SM benchmarks for the LHC

See www.pa.msu.edu/~huston/
Les_Houches_2005/Les_Houches_SM.html

centre de physigue

® pdf luminosities and uncertainties
® expected cross sections for useful processes

+ inclusive jet production
A Simulated jet events at the LHC

A jet production at the Tevatron
— alink to a CDF thesis on inclusive jet production in Run 2
— CDF results from Run Il using the KT algorithm

photon/diphoton
Drell-Yan cross sections
W/Z/Drell Yan rapidity distributions
W/Z as luminosity benchmarks
W/Z+jets, especially the Zeppenfeld plots
top pairs
A onanina work_ list of tonics (ndf file)

® & 6 6 o o

21
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More...

® technical benchmarks
+ jet algorithm comparisons
A midpoint vs simple iterative cone vs kT
— top studies at the LHC

— an interesting data event at the Tevatron that examines
different algorithms

A Building Better Cone Jet Algorithms

— one of the key aspects for a jet algorithm is how well it can
match to perturbative calculations; here is a 2-D plot for
example that shows some results for the midpoint algorithm
and the CDF Run 1 algorithm (JetClu)

— here is a link to Fortran/C++ versions of the CDF jet code
+ fits to underlying event for 200 540, 630, 1800, 1960 GeV data
a interplay with ISR in Pythia 6.3
A establish lower/upper variations
A extrapolate to LHC

A effect on target analyses (central jet veto, lepton/photon isolation,
top mass?)




Last issue: LO vs NLO pdf’s for parton

For NLO calculations, use NLO pdf's (duh)
What about for parton shower Monte

Carlos?

L 4

L 4

L 4

somewhat arbitrary assumptions (for
example fixing Drell-Yan
normalization) have to be made in LO
pdf fits

DIS data in global fits affect LO pdf’s
in ways that may not directly transfer
to LO hadron collider predictions

LO pdf's for the most part are outside
the NLO pdf error band

LO matrix elements for many of the
processes that we want to calculate
are not so different from NLO matrix
elements

by adding parton showers, we are
partway towards NLO anyway

any error is formally of NLO

(my recommendation) use NLO pdf’s

pdf’'s must be + definite in regions of
application (CTEQ is so by def’n)

Note that this has implications for MC

tuning, i.e. Tune A uses CTEQ5L

L 4

need tunes for NLO pdf's

#f(x,02)

0.3

0.6

0.4

0.z

percentaqe.error

—za L
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shower MC’s

Dx+Z= 10030 LETa BT )

— up CTEQG1E
. up CTEAGLT

| Ll

1672 107"

20
:E;— ~ E‘EU(Zi— 1) —ai 2}y

10*

15

102 197

1

.. .but at the end of the day this is still LO physics;

There’s no substitute for honest-to-god NLO.
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Impact on UE tunes

® 5L significantly steeper at low
30 X and Q2

Ow2= 4 Geves2 ® Rick Field has produced a

- Ootoboses
— gluan CTEDGE.TM

= e crecen tune based on CTEQ6.1

________ gluon CTEQSL E:\T 0 .
= P
20 = . Qwe2= 10 (evesd
-—
b = — dgluan CTEQG.TM
5 "
. Lo _- gluon CTEQSLA
15 [ : “._‘ ."-. ........ gluon CTEQBL
20
L
1% —




Rick’s tune
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October 20, 2005

.will be discussed in detail in TeV4LHC writeup
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Summary

® Now is the time to set up the SM
tools and measurement program we

need for the first few years of the LHC

running

+ still great deal of preparation for
early SM analyses needed

® Theoretical program to develop a
broad range of tools for LHC

¢ up to us (experimentalists) to

make use of them/drive the
development of what we need

® Program for SM benchmarks for LHC
underway

¢ www.pa.msu.edu/~huston/Les H
ouches 2005/Les Houches SM.
html

+ longer version of this talk
available there

® Review paper available now

¢ Www.pa.msu.edu/~huston/semin
ars/Main.pdf

+ one of the authors has been
honored in advance for his role
on the paper

® Meeting on Thurs July 20 in 513-
1-204 at 14:30 (Sky room on
VIvs)

® Talks on

L 2

* & o o

Tevatron

CMS/ATLAS experience/plans
a faster k; algorithm

viewpoint from a theorist

hopefully useful
discussions/conclusions

® Followup meeting on Monday
July 24 at 15:00 in 40-4-C01 (also

in Sky room)



Parton kinematics

® To serve as a handy “look-up”

table, it's useful to define a

parton-parton luminosity

+ this is from a contribution to c o

LeS HOUCheS ; i: W00GEY A ieeeeeiiororei ]

® Equation 3 can be used to /BB EEEE.
estimate the production rate

for a hard scattering at the

L H ‘ Fig. 1: Parton kinematics for the LHC.

(..'IL-,:,_?' 1 1
1,

il p) fi(za, p) + (1 < 2)] . (1)

ds dy s 1+ 5.,,;_.,,-

The prefactor with the Kronecker delta avoids double-counting in case the partons are identical. The
generic parton-model formula

(T—Z/ dzy dro fi(zy, p) filze, 1) 6 (2)

ds dLi_.‘,-
7= [ (Fa) () ¢

can then be written as

oy

ij) - 3)



Cross section estimates

for the gluon pair production rate for s=1 TeV and As = 0.0135,

o
(&)
P
=
-
e
—
e
s

dL/ds [pb]

0.05 0.10
Sqrt(s) [TeV]

0.50 1.00

5.00 10.00

10 |

10|

10

99 — g9

g9 — gq

99 — qq

99 - 99,99 —qq

99 — qq

qq — gg

g9 — qq

IS(TeV)

Fig. 2: Left: luminosity [% %-’-] in pb integrated over y. Green=gg, Blue=g(d +u +s+c+b) +gld+ i +35+c+b) +

(d+u+s+c+blg+(d+a+35+c+b)g Red=dd + wii + 55 + ¢& + bb + dd + #iu + 55 + & + bb. Right: parton level

Ccross sections [.@ﬁ',- J] for various processes

i) we have %ﬂ ~ 10° pb and § 5,, ~ 20 leading to o =~ 200 pb

for
pr=0.1*
sqrt(s-hat)

8 10



Luminosities as a function of y
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Fig. 3: dLuminosity/dy at y = [, 2,4, 6. Green=gg, Blue=g(d + u+ s +c+ b+ gld+i+57+F+ B+ (d+u+s+ec+
g+ (d+8+3+7+b)g Red=dd + ufi + £3 + o7 4 bb + dd + fiu + 35 + Fr + bh.



LHC to Tevatron pdf luminosities

10000 £

® Processes that depend on qQ
initial states (chargino pair
production) have small
enchancements

® Most backgrounds have gg or
gq initial states and thus large
enhancement factors (500 for _ _
W + 4 jets for example, which Lo

0.01 0.05 0.10 0.50 1.00 5.00 10.00

Is primarily gq) at the LHC Sqrt(s) [16V]

Figure 11. The ratio of parton-parton luminosity [é%i-] in pb integrated over y at the

. LUCklly tT haS a gg Inltlal State LHC and Tevatron. Green=gg (top), Blue=g(d+u+s+e+b)+g(d+a+5+8+8)+ (d+ut

s+e+bg+ (d+at5+e+b)g (middle), Red=dd+ uti4 55+ ¢t 4 bb4 dd+ Gu+Fs -+ +bb

as well as qQ so (o]
enhancement at the LHC is a

1000 £

-
(=1
=1

-
=]

dL/ds [LHC] / dL/dS [Tevatron]

factor of 100
¢ butincreased W + jets Ele

background means that a S
higher jet cut is necessary
at the LHC

wond ol vl ol ol vl ool ol ownd oo e 1l
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Fruwl

01 0.05 0.10 0.50 1.00 5.00 10.00
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Figure 10. The parton-parton luminosity [ZL%;‘J.} in pb integrated over y. Green=gg,
Blue=g(d+u+s+c+b)+g(d+a+3+2+b)+(d+uts+etblg+(d+a+s+e+bg,
Red=dd + uli + 8 + cZ + bb + dd + Gu + &s + c + bb. The top family of curves are for
the LHC and the bottom for the Tevatron



Fractional uncertainty of dL/ds
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Fig. 4: Fractional uncertainty of gg luminosity integrated over 3.

Fractional uncertainty of dL/ds dy

2.0

L) r1||1r1[ Lj 1 1||1r1[ Lj L] 1 ILEUREUL
N y =0
1.5
m"mﬂﬂmﬂﬂmmmm I Imﬂm
‘ .JHMMMMMH------HMWUH
0.5 |—
D‘u 1 I|I|||I| I III|I|I| 1 III||I|,|,|_
0.01 0.05 0.10 0.50 1.00 5.0010.00

Sqrt(s) [TeV]

Fig. 5: Fractional uncertainty of gy luminosity at y = ().
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gg luminosity uncertainties
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gq luminosity uncertainties
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Fractional uncertainty of dL/ds dy

gq luminosity uncertainties
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gQ luminosity uncertainties
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Fractional uncertainty of dL/ds dy

gQ luminosity uncertainties
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The "maligned” experimenter’s wishlist

» Missing many needed NLO computations Campbell

An experimenter’s wishlist

B Hadron collider cross-sections one would like to know at NLO
Eun Il Monte Carle Waorkshop, Apnl 2001

Single boson  Diboson Triboson Heavy flavour
W + < 5j WW + < 5j WWW + < 3j tt+ < 3f
WHbh+<3j WWHbb+<3j] WWWH+bh+<3j H+7+<2)
WH+a+<3j WWaHa+<3] WWWH 4+ <3) tT+W+<2j
Z+ < 59 ZZ + <hj Zyy + < 35 ti+ Z + < 29
Z4bb4+<3) ZIZ4b4+<33 WZE4+<3 4+ H+<2y
Z+E+<3i ZZ+cE+<3i ZZZ+<3j th + < 2j
¥+ < 5§ 1Y + < B5j hh+ < 3j
THbb+<3; gy +bb+ <3
Y+eT+<3] v +el+<3j

WZ+ <55

WZ+bh+ <35

WZ +er+ < 39

Wy + < 37

2+ <3




NLO calculation priority list from Les Houches 2005:

theory benchmarks
.|

® Note have to specify how 1. pp->WW jet
inclusive final state is 2. pp->H+ 2jets now complete
+ what cuts will be made? i background to VBF
+ how important is b mass for production of Higgs
the observables? 3. pp->tT bB
® How uncertain is the final 1 background to tTH
state? 4. pp->tT +2jets

+ what does scale uncertainty
look like at tree level?

+ new processes coming in at

1. background to tTH
5. pp->WWbB

NLO? 6. pp->VV+2jets
® Some information may be 1. background to WW->H-
available from current >WW
processes 7. pp->V+3jets
+ pp->tT | may tell us 1. beneral background to new
something about pp->tTbB? physics
a j=g->bB 8. pp>VVYV
+« CKKW may tell us something 1. background to SUSY
about higher multiplicity final trilepton
states

Are there any other cross sections that should

can we develop rules-of-thumb be on this list?

about size of HO corrections?



More of benchmark webpages

® what are the uncertainties? what are the limitations of the theoretical

predictions?

+ indicate scale dependence of cross sections as well as pdf
uncertainties

+ how do NLO predictions differ from LO ones?

Table 1. K-factors for various processes at the Tevatron and the LHC, caleulated
using a selection of input parameters. In all cases, the CTEQ6M PDF set is used
at NLO. K uses the CTEQ6L1 set at leading order, whilst K' uses the same set,
CTEQGEM, as at NLO. Jets satisty the requirements py > 15 GeV and |n| < 2.5 (5.0)
at the Tevatron (LHC). In the W 4 2 jet process the jets are separated by AR = 0.52,
whilst the weak boson fusion (WBF) calculations are performed for a Higgs of mass

120 GeV.
Typical scales Tevatron K-factor LHC E-factor

Process Mo Kipo) Kipr) Klpo) Klpa) Klpi) K'(po)
W mw  2mws  1.33 1.31 1.21 1.15 1.05 1.15
W +1 jet mw (P 142 120 143 121 132 142
W + 2 jets mw (PEYY 116 091 120 0589 088  1.10
tt my: 2m, 1.08 1.31 1.24 1.40 1.59 1.48

bb my 2my 1.20 1.21 2.10 0.95 0.84 2.51
Higgs via WBF  my (pE') 107 097 107 123 134  1.09

from review paper;
in process of adding
more processes; any
favorites missing?

® to what extent are the predictions validated by current data?

® what measurements could be made at the Tevatron and HERA before
then to add further information?



Back to Sudakov form factors

® The Sudakov form factor
gives the probability for a
parton not to radiate, with a
given resolution scale, when
evolving from a large scale

down to a small scale

dz g

_equ.[ [dt’j-

® Probability of emission

;-:Eﬂ'

flz/zt)

flz,t)

Increases with color charge
(gluon vs quark), with larger
max scale, with decreasing

scale for a resolvable

emission and with decreasing

parton x

|
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Sudakov form factors

Graph
Sudakov form factors g->qg Q=200 GeV

Curves from top to bottom correspond

to x values of 0.3,0.1, 0.03, 0.01, 1 03
0.001. 0.0001 : //7% o1
Sudakov form factors for g->qg for S -
x<0.03 are similar to form factor for ool
x=0.03 (and so are not shown) [
Sudakov form factors for g->gg S
continue to drop with decreasing x b
¢ g->gg splitting function P(z) has T
singularities both as z->0 and as Y Y
Z->1 Graph
. q_>qg haS Only Z->1 Slngularlty Sudak:)vformfactorsgzg_gQ=200GeV
For example, probability for an initial T 03
state gluon of x=0.01 not to emit a - 8(1)3
gluon of >=10 GeV when starting from o |
an initial scale of 200 GeV is ~35%; osl 001
i.e. there is a 65% probability for such T
an emission £ 0.0001
0.2:—

0 !

—
o
sy
(4]
N
o
N
(%)}
w
o

Resolution scale -> ~p of gluon



W + jet(s)

® Consider W + jet at the
Tevatron where the jet has a
high transverse momentum

® |n the CKKW formalism, most
of these events will have been
produced by W + n parton
configurations where n>1

® .. .orin other words, there is a
Sudakov suppression of final
states with just the lead jet
and no additional (softer) jets

¢ | can use the types of
curves on the previous
page to estimate the rate
for ISR jets

+ note | can also get extra
jets from final state
radiation

[ Lead Jet Et>=1 Jet

Number of Jets I

I Op Kt 10
B 1pKt10
== 2p Kt 10
B 3pKt10
— 4p Kt 10
—=— Data

12

10[-

]

Entries 36
Mean 2.083
RMS 0.9825




Sudakov form factors

. If I go to Sma” X, Or high Scale Sudakcniformfactorsq-:-qgQ:SUOGeV
or a gluon initial state, then T 05
orobability of a ISR gluon osf- //H 0.1
emission approaches unity ? /
06—
® The above sentence basically i
describes the LHC e
0.2}
':09000:— 1 0_I1|0IILL1J511112‘011I|2|5IIII3|0I
TB{IDU:— (Sudakoviorm factors g->gg Q=500 GeV |
" 7000E- i
60001 E,>10GeV i
5000 i
4000F- 0.8~ 0.3
30000 i 0.1
2000 0.6~ // .
10005 i 0.01
% 5 TR T 'f'_ 't25 0'4:_
Figure 75. The jet multiplicity in {7 events wi;:h Ia,lepmn + jets final state at the 0_2__ 0.0001
LHC. A cut of 10 GeV has been applied to the jets. -
ob—'— )




More of benchmark webpages

® what are the uncertainties? what are the limitations of the
theoretical predictions?

+ indicate scale dependence of cross sections as well as pdf
uncertainties

o how do NLO predictions differ from LO ones?

Table 1. K-factors for various processes at the Tevatron and the LHC, caleulated
using a selection of input parameters. In all cases, the CTEQ6M PDF set is used
at NLO. K uses the CTEQ6L1 set at leading order, whilst K' uses the same set,
CTEQGEM, as at NLO. Jets satisty the requirements py > 15 GeV and |n| < 2.5 (5.0)

at the Tevatron (LHC). In the W 4 2 jet process the jets are separated by AR = 0.52, from review p aper;

whilst the weak boson fusion (WBF) calculations are performed for a Higgs of mass
120 GeV. 1 1
: in process of adding

Typical scales Tevatron K-factor LHC E-factor
; p more processes., an

Process o Klpe) Kip) Kipe) Kilpo) Klpa) K'po) p ? y
W mw  2mw 133 131 121 115 105  1.15 favorltes IIllSSlIlg‘.7
W41 jet mw (pS) 142 120 143 121 132 142

W+ 2 jets mw (P 116 001 129 089 088  1.10

tt i 21y 1.058 1.31 1.24 1.40 1.59 1.48

bb eris 2my 1.20 1.21 2.10 0.98 0.54 2.51

Higgs via WBF  mpg (pF) 107 097 107 123 134  1.09

® to what extent are the predictions validated by current data?

® what measurements could be made at the Tevatron and HERA
before then to add further information?




More...

® technical benchmarks

+ jet algorithm comparisons

A midpoint vs simple iterative cone vs kT
— top studies at the LHC

— an interesting data event at the Tevatron that examines different
algorithms

A Building Better Cone Jet Algorithms

— one of the key aspects for a jet algorithm is how well it can match to
perturbative calculations; here is a 2-D plot for example that shows
some results for the midpoint algorithm and the CDF Run 1 algorithm
(JetClu)

— here is a link to Fortran/C++ versions of the CDF jet code

+ fits to underlying event for 200 540, 630, 1800, 1960 GeV data
A interplay with ISR in Pythia 6.3
A establish lower/upper variations
A extrapolate to LHC

A effect on target analyses (central jet veto, lepton/photon isolation,
top mass?)




...plus more benchmarks that | have no time to discuss

+ variation of ISR/FSR a la CDF (study performed by Un-Ki

Yang)
— low ISR/high ISR
- ESR
A power showers versus wimpy showers a la Peter Skands

A number of additional jets expected due to ISR effects (see also
Sudakov form factors)

A impact on top analyses

a effect on benchmarks such as Drell-Yan and diphoton production

— goal is to produce a range for ISR predictions that can then be
compared at the LHC to Drell-Yan and to diphoton data

+ Sudakov form factor compilation

A probability for emission of 10, 20, 30 GeV gluon in initial state for
hard scales of 100, 200, 500, 1000, 5000 GeV for quark and gluon
initial legs

A see for example, similar plots for quarks and gluons for the
Tevatron from Stefan Gieseke

+ predictions for W/Z/Higgs p; and rapidity at the LHC

A compare ResBos(-A), joint-resummation and Berger-Qiu for W
and Z




W + jets at the Tevatron and LHC

® One of the most promising channels for
Higgs production at the LHC is through

2 tagging jets F/B, An>2;

Wi tusion e look at relative rapidity of
q tag jet 1 — .
o . 3rd jet _
oW H 0 Tag jets > 8 GeV/c; 31d jet > 8 GeV/c
------ o)
W =
e L /f e |__Zeppenfeld delta eta 3 * | —A+H 3p
q o progucte. " i +
® Planis to veto on backgrounds from Zjjby @8 |00l ?—}—4— | ~A+H 2p
_requiring no central jets (between tagging e NG | :#:
jets) ik an N | T l * —CKKW
® Look at W + jets at the o, 800 == |
Tevatron as a way of testing central jet rat T / Ll jL
and distribution 4 Eln
+ analysis in progress; result g -T
will be absolute cross sections note "—H:;'_ -+ T
® Extrapolate to LHC using central dip : N '
MCFM and CKKW with CKKW: 200, < i
+ study in progress with Bruce —+ ——y
Mellaydo ;)nngteve Mrenna CKKW knows el ==
about
Eta_3_Star

Sudakov suppression
for central jet emission
(so does data)



CKKW matching variation

Look at probability for 3rd jet
to be emitted as a function of
the rapidity separation of the
tagging jets

Relatively flat probability
(although slightly decreasing
at low An due to kinematic
suppression), stable with
CKKW scale

Bracketed by two predictions
for MCFM using m,, and
<p > as scales

Data to be blessed soon

>=3/>=2 ratio Delta Eta Lead Jets et_08_tag 08 eta 0
] —— CKKW Kit10
0.9— —— CKKW Kt15
0.8
0 7:_ —— CKKW Kt20
0.60
- MCFM <p.Jet>
o5 " ° P
A= T T
0.30
0-2;. .......................................................................................................................
: MCFM my,
0.1—
0:| Ll b b b b b e b L
0 05 1 15 2 25 3 35 4 45 5

Eta




CKKW matching variation

® Increase cut on tagging jet to
15/20 GeV/c

o PrO babl I Ity Of Jet em |SS|On >=3/>=2 ratio Delta Eta Lead Jets et_08_tag_20_eta_0
. — CKKW Kit10
INnCreases s
0.9 —— CKKW Kt15
>=3/>=2 ratio Delta Eta Lead Jets et_08_tag _15_eta 0 C
» — CKKWKt10] 0.8
g 0_73_ —— CKKW Kit20
0_9_ - I
- —— CKKW Kt15 C
z 0.6F ]
08_— C
- . 0.5
0.70- CKKW Kit20 -
- 1 0.4
0.6_=|_| : C
f_'_l 0.3
05_— C
- 0.2
0.4_— C
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- Eta
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W + jets at LHC

® | ook at probability for 3rd jet to
be emitted as a function of the
rapidity separation of the tagging
jets

® At LHC, ratio (p{¢>15 GeV/c)
much higher than at Tevatron

® CKKW comparison underway
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