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Passing by Fermilab on the way
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Tevatron results and their
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some QCD benchmarks
for the LHC

some recent CTEQ pdf
results
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Let me just say

® Tevatron (and CDF and
DO) are running well
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Last year's Les Houches well-named

® ...or was even a bit pessimistic
® Physics at TeV Colliders

+ From 800 pb-! at the Tevatron
to 30 fb-! at the LHC

¢ May 2 - 20, 2005
+ proceedings published

¢ during Les Houches, | started
a benchmark webpage that |
will try to maintain through the
beginning of the LHC turn-on LES HOUCHES

+ www.pa.msu.edu/~huston/Le
s Houches 2005/Les Houch
es SM.htm|




What to expect at the LHC

...according to a theorist
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What to expect at the LHC

..according to a theorist ® According to a current
Secretary of Defense
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What to expect at the LHC

...according to a theorist ® According to a current
Secretary of Defense
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LHC bandwagon

S
® A lot of useful experience with the L
Standard Model can be carried
forward from Fermilab and HERA and
workshops have taken place to
summarize that knowledge
+ HERA-LHC TeV4LHC near
completion i Ty

+ I'malmost finished with a review i prpare o the LHC
article for ROP with John Campbell '
and James Stirling titled “Hard
interactions of quarks and gluons: a
primer for LHC physics”

a much of what | will show here is
from that article (a few “in-
process” copies available for
those willing to provide
comments)

a I'mtrying to include as many

“rules-of-thumb” for LHC physics .
as possible, including the soft and/or collinear logs

importance of large logarithmic
corrections
Ao ...and to dispel some myths

do = oo(W+1jet) [1+ ae(L + L+ 1)+ o2(L* + L+ L+ L+ 1) + .. |




Discovering the SM at the LHC

® We're all looking for BSM physics
at the LHC i
® Before we publish BSM
discoveries from the early running
of the LHC, we want to make
sure that we measure/understand
SM cross sections
+ detector and reconstruction
algorithms operating properly
SM physics understood properly

SM backgrounds to BSM physics j: | ——— ] ;

correctly taken into account “E Teawon  LHC ‘

® ATLAS will have a program to T e
measure production of SM o D
processes: inclusive jets, W/Z + o oersom NP = ‘h
jets, heavy flavor during first year E fi‘ fﬂf:f PN
+ so we need/have a program now o £ .

of Monte Carlo production and ol

studies to make sure that we e g

understand what issues are 1* [ ractoc 100G 1o

important 10* Eop - 000w f .

+ and of tool and algorithm S

Jds (TeWV)

development



Cross sections at the LHC

® Experience at the Tevatron is LHC parton kinematics
very useful, but scattering at 10° Ty
the LHC is not necessarily X, = (M/14 TeV) exp(y) :
= Q=M M=10TeV

just “rescaled” scattering at 10" e
the Tevatron -

® Small typical momentum

10 F

fractions x in many key 10° M=1Tev
searches k:
+ dominance of gluon and s F
sea quark scattering S M= 100 Ge
«+ large phase space for o F
gluon emission 10"
+ intensive QCD mz_
backgrounds
« or to summarize,...lots of 0k
Standard Model to wade F :
through to find the BSM L T

pony x



“We have a strategery”

el Understand and calibrate detector and trigger in situ_using well-known physics samples
eg. -Z—ee,uu tracker, ECAL, Muon chambers calibration and alignment, etc.
-tt =blvbjj 107 evts/day after cuts > jet scale from W= |j, b-tag perf., etec.

Understand basic SM physics at Vs =14 TeV = first checks of Monte Carlos
T (hopefully well understood at Tevatron and HERA)
e.g. - measure cross-sections for e.g. minimum bias, W, Z, t+, QCD jets (to ~ 10-20 %),
look at basic event features, first constraints of PDFs, etc.
- measure top mass (to 5-7 GeV) - give feedback on detector performance
v Note : statistical error negligible after few weeks run

m Prepare the road to discovery:

-- measure backgrounds to New Physics : e.g. tt and W/Z+ jets (omnipresent ..)
-- look at specific "control samples” for the individual channels:
T eg. ttjj with j = b "calibrates” ttbb irreducible background to ttH - ttbb

¥

CLLE- W ook for New Physics potentially accessible in first year (e.g. Z', SUSY, some Higgs ? ...)

...from Mangianotti talks



Total cross section at LHC

® Fair amount of uncertainty on

extrapolation to LHC A |

+ In(s) or In(s) behavior T O medtedG0p s mode, wngGRVPDE.

® Also uncertainty on 100 | . Cudeler o) moce moamesro v
AdNchargea/dN @NA ANcpgrgeq/dPy o fl - gﬁéﬁﬁ:ﬂawuusdnﬂ;:nﬁ;;E;fé.'s:;ﬁ;ﬁﬁ'ﬁfr

+ role of semi-hard multiple
parton interactions

+ reasonable expectation is 0
/-8 particles per unit

rapidity and <p;>~0.65 N 2 Pt
GeV/c 50 : QEJ;
® Both can be measured using 40 0 ETo
the early data, although I S R
extrapolating measured cross Is (Gev)

section to full inelastic cross
section will still have large
uncertainties



Early triggering in ATLAS

® Beam pickups will indicate which
bunches are filled
® Need a fast signal from detector
that an interaction has occurred
® This is the role of the MBTS
counters
+ mounted on LAr cryostats
and cover an m region from
~2 t0 3.8

3,890

+ 8 segments in ¢ on each side;
2 segments in n inner 1 segment
+ good signal to noise offline,

but trigger efficiency <100% = ﬂ% I

0,00




Underlying event at the LHC

® There's a great deal of
uncertainty regarding the level
of underlying event at 14 TeV,
but it's clear that the UE is
larger at the LHC than at the
Tevatron

® Should be able to establish
reasonably well with the first
collisions in 2007

® Rick Field is working on some
new tunes
¢ some problems with Tune A

¢ tunes for Jimmy
¢ tunes for CTEQG6.1 (NLO)

The structure of the underlying event

Mounting experimental evidence
(R.Field, CDF) that the UE is the
result of multiple semi-hard
(minijet-like) interactions

Proton

ERWIG (withou tiple
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Figure 6: Pythia6.2 - Tune A, Jimmy4.1 - UE and Pythia6.323 - UE predictions for the average
charged multiplicity in the underlying event for LHC pp collisions.



W/Z at the Tevatron

® \\V/Z cross sections serve

as precision physics
monitors

+ all cross sections at LHC
could be normalized to

W/Z
Both experimental and
theoretical errors are
under control

+ NNLO a small (positive)
correction to NLO

Note that CTEQ and
MRST NLO predictions
agree within CTEQG.1
pdf errors (but MRST at
edge of CTEQG.1 error
band)
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Rapidity distributions

® Little shape difference

pp — (Z7")+X

» K-factor should be % = X
sufficient S

® / rapidity distributions

d°c/aM/dY [pb/GeV
&n &h
-
[

. Vs = 1.
could/will be used as v
input for pdf fits oL

Z/y Rapidity

= Data




pr distributions

. 25
® Drell-Yan production serves as [ PYTHIAG2
h k f 0l T PYTHIA 6.2: ISR Plus/Minus
good benchmark for C e D cata g 193pb”
understanding ISR effects Q isp " DYdata(ee) 193p0”
+ applied in CDF to top mass = 10b i;;;ffﬁ}
uncertainty I R
5_
+ should be extended to LHC : “ﬁv
= ol PRSI 5 R
30 —— FI.]E; 1.31.'("}11.11;11.“?'1"7 b M2{G:\?2;‘c"l b

]
PP = 7/Z + X

¥ - ee

T Figure 6. The average transverse momentum for Drell-Yan pairs from CDF in Run 2,
< Moyz< 116 GeV/c?

along with comparisons to predictions from Pythia.

Pt of the ttbar at Generator

do/dP. [pb/(GeV/c)]

] 70001~
: - a0l = — Pythia ISRmore
: Data iF':.ﬁ_—n— ; 5000}, —— Pythia ISRless
;:-": ';.\. ll‘ L 11\1} —te— 5 4000:
0 ik +5.4 —_— |
O L 1 | [ | | | | 1 | 1 | | 1 | | | | 1 1 3000
0 5 10 15 20
Pi, GeV/c bl
1000
Figure 4. The transverse momentum distribution (low pr) for £ — ete™ from CDF 00'
. . . L : . 20 30 40 50
in Run 1, along with comparisons to predictions from Pythia and ResBos. The Pythia Pt [GeV]

salid-ereen curve has had an additional 2 GeV /¢ of b+ added to the narton shower

Figure 7. The Pythia predictions for the #f transverse momentum using the ‘Plus/Minus'
tunes.



W/Z at the LHC

o Expeqt similar systematic_s, both MRST2004 pdf’s
experimental and theoretical, at the 24 ¢ ]
LHC for W/Z production as at the 23 W LHC Z(x10):
Tevatron, plus a huge rate current pdf 22 | 3
uncertainties on order of 4-5%; should 2t TTTTTTTTTT 6 .
improve by LHC turn-on T 20F NNLG: == == mmm == 2
® Very useful to use W/Z cross sections ~ = 19f ~TTTTTTTTT EEEEEEEEEE S
as luminosity monitor/cross section m 8 -
normalization, especially in early days e 17F o =
before total inelastic cross section 16 F =
well-determined 15 F .
+ W/Z cross sections highly correlated 14 E ]
vis a vis pdf uncertaintes 0 ________-__ CTEQ6.1 central + pdf uncert
LHC (CTEQ) p+E 7 X
B ;Lu' I D
; /_,-' E WHIG E
/ 2 "
5| : ’ & s
. / ;{“ o ]
:or |PDF sets :E I ]
T T T TR T T T T M=
. Z o | MR Zu=mm
+ WI/Z rapidity distributions known to - E e S

NNNLO ¥ 305



W/Z at the LHC

® p; distribution of W/Z/decay leptons

should be well-described by pQCD 3w o o1
using DGLAP, as in ResBos, a S oo g ResBos 9807 14
resummation program :;j =

+ should peak at a few GeV, similar

to Tevatron

® |'ve generated a million W->ev and Z-
>ee events for each of the CTEQG6.1
error pdf's

+ currently ROOT ntuples on
CASTOR at CERN for use by
ATLAS
(castor/cern.ch/atlas/project/smgr

doldp,. (pbiGeV)

OUp/ReSBOS OI I IQOI I |40‘ ‘ ‘GOI I ISOI I IIOOI I }26: I IHG: I Jé[;p;f(&é);;‘f)oo
® Note that there may be additional 0025 B WE VX (SI060GEY) S &
effects for transverse momentum R T il o WX v X ]
distributions of W/Z at LHC due to low ~ &° ‘f—w-emer 3 wsp/ SR
X resummation effects; and also due Soosp e B
to photon emission 0 BN R R
. F0005F 0 S . ) 3
+ one of the first steps at the S R /\H weFE
LHC will be to understand the fosp e 1A ]
dynamics of W/Z production 0P| 0y - ey ER] A o
0025,5 3'6 3'8 4'0 4'2 4'4 4'6 4'3 = 75 5 73 10 125 15 175 20 225 25
Pr. [GeV] gr [GeV]

Figure 2. A) The fractional difference in the distribution do /dpr. for the forward-rapidity sample of
electrons (|yg| = 1) at the Tevatron. B) Transverse momentum distributions of (1) W+ bosons and (11) zv
bosons at the Large Hadron Collider.



Aside: Higgs p; at the LHC

® Note:

+ average py for Higgs production
at the LHC much larger than
average p; for Z

000 g =

4300 qq— Z+Xat LHC

4000 CTEQ4M, vs = 14 TeV, PYTHIA 6.122
3500 ResBos 98.07.14

so00 B 0 NG kp =044 GeV

doldp, (pb/GeV)

2500 = kp=225GeV

2000 (0 TR T

1500 B

1000 Ei

300 &

o Bl Lo b b L
] 3 0 13 20 23 30

pT(GeV)

A color factor of gluon
compared to quark

A z->0 pole in gluon splitting
function

+ predictions are in reasonable
agreement with each other

+ Pythia with virtuality-ordered
shower peaks lower, but the new
pr-ordered shower agrees with
the other predictions (comparison
to come)
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Top vs W cross section

® Plot predictions for 40
error pdf's (CTEQG6.1)
for top and W cross

sections at the Tevatron

and LHC

® Not much correlati
Tevatron

at

+ big excursions caused by

eigenvector 15; high x
gluon
® More anti-correlation at
LHC; more momentum
for gluons, less for sea
quarks (at lower x) that
produce W's

Graph
sigma_tT vs sigma_W
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Jet algorithms

® To date, emphasis in ATLAS and

CMS has been (deservedly so)
on jet energy calibration and not
on details of jet algorithms

But some attention to the latter
will be necessary for precision
physics
+ big controversies at Tevatron for
example
Big effort by CMS at Les
Houches on this aspect

+ see benchmark webpages

¢ www.pa.msu.edu/~huston/Le
s Houches 2005/Les Houch
es SM.htm|

Some attention to this now at
ATLAS, for both cone and k;
algorithms

® An understanding of jet
algorithms/jet shapes will be
crucial early for jet calibration in
such processes as y+jet/Z+jet

+ especially the interaction with
topological clustering




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 Raw Jet Pr [GoV/c]

® |f comparison is to hadron- DA
level Monte Carlo, then hope
is that the Monte Carlo will
reproduce all of the physics
present in the data and
influence of jet algorithms can
be understood

+ more difficulty when
comparing to parton level
calculations

- K- D=07

Only towers with E; > 0.5 GeV are shown



Midpoint algorithm

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

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

* Calor Jets: begin with 1 GeV seed towerst — cluster towers (FPr >
100MeV) into a centroid if AR = \/(A¢)? + (AY)? < 0.7.

* Start new search cones at the midpoints of stable conesi

* Overlapping jets- merge jets if overlapping energy is > 0.75 the energy
of the smaller jet

* Calculate jet quantites from final stable cones: Pr. Ex, Y, o etc

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

* Ideally algroithm is insensitive to soft
radiation.

1T Addition of midpoints lessens the sen-
sitivity



Jet Corrections

® Need to correct from calorimeter to

hadron level
® And for

*

g 3
F
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0. o001 +0.001426
T.3610-08 +3.4040-06
3.208¢-11+2.5688-00

g
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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 100
sections) E

i I
0 100 200 300 400 500 600 70O
A can correct data to parton level or PSR (GeVie)

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; i
values at the Tevatron (for a 0a
cone of radius 0.7) os
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
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CDF Run 2 results

. CDF Run II reSUIt |n gOOd agreement ’OS 3f Data corrected to the parton level
. T . @ B .
with NLO predictions using CTEQG6.1 £ [ NLOPACDEKSCTEQGIM (1=P2)
df S 25  Midpoint (R =07.f, =075 R _=1.3)
pPars E I oi«vor L=1.04 fbo"
* enhanced glUOﬂ at hlgh X _g 2:_ ——— PDF uncertainty on pQCD
c £ 9
+ I've included them in some new e [ . Dea/nopacp
i i , g - [ 1 Systematic uncertainty [
CTEQ fits leading to new pdf’s £ | m—ysiemalc incerany ncuding —
@ - acdronization an
) . . w I
® ...and with results using k; algorithm a |
e I
+ the agreement would appear even S I
better if the same scale were used in I .
- CDF Run Il Preliminary
the theory (kT uSeS meaX/2) 0'57\ Ll ‘ | ‘ | ‘ | ‘ Ll | | | Ll
. . 0 100 200 300 400 500 600 700
® need to have the capability of using PX!(GeVic)
different algorithms in analyses as = 3 DY Ren 1 Prelimary
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5 102 w 2s5f Systematic uncertainties
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CDF Run 2 cone results

u I L 1013 —=—— Data corrected to the hadron level
® Precise results over a I R P

NLO: EKS CTEQ 6.1M p:PJTETIE. R,=13
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® PDF uncertainties are on CDF Run II Preliminary jL:1.04Tb’1
the same order or less

than systematic errors - | adz
® Should reduce —

uncertainties for next
round of CTEQ fits

+ So long to eigenvector 15?
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Forward jets with the k; algorithm
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Need to go lower in p; for comparisons of the two algorithms, apply k; to
other analyses



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(N)
by using information relating
to geometric nearest
neighbors

+ should be useful for LHC

+ already implemented in
ATLAS

® Optimum is if analyses at LHC
use both cone and k;
algorithms for jet-finding

CBNT Time

| Time vs input size

2000

6000

4000

2000

0000

8000

6000

4000

2000

0

Standard Kt
New Kt

PR ——— - = -

P Lo
2000

L | 1 1
3000
input N

| T
2500



So what's the problem(s)

_ _ *z=p*?/p*!; d=AR between partons
® Matching a cone algorithm at <At NLO; two partons within region I or IT will be called one jet
(NLO) parton level and at *R,., parameter was introduced into the theory because

detector level experiment reconstructs separate jets if AR>R_ *Rcone

® Parton configurations that will be ] ol midpoint seed was
included in a jet at NLO will not oo o intended to remove
be at hadron level due to need for R

1.0 1.0

. f . Sep )
stochastic smearing because of s ...butit’s smearing
parton showering/hadronization P R not seeds

iable cone) — Haw can that happen?
Figure 15. The parameter space (d,Z) for which two partons will be merged into a single

B0, R=0.7 Jet
a b} — Vin, R=0.7
'l g=0 =00 .
2 N have lost central solution (both
| =06/ . .
» Vo partons) and right solution...
10 Ir-'|‘——-------"1 ' ‘,."'I 101 d 1 d e
o U Vo some energy ends up unc ustere
. I . .
wf il In any jet
0z [
b Iy {02 20 20
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Figure 18. A schematic depiction of a specific parton configuration and the results of o | —— 01010 01
applying the midpoint cone jet clustering algorithm. The potential discussed in the text = il L = -
and the resulting energy in the jet are plotted ol i o 4
05 b . E
7_: 1020 .5': /,/ EEH ?:
M ot . ) LT any cone centered
0 05 00 05 10 15 A0 05 00 05 10 15 5 .
¥ . N here is attracted
1 Wi uga="""
towards ncarby larg
. cluster of encrey

Figure 19. A schematic depicticn of the effects of smearing on the midpeint cone 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
smearing because of parton
showering/hadronization

Modified midpoint algorithm use
smaller initial search cone
reduces unclustered ene

+ recovers right solution, but in most |P1.rthia 400 GeV/e, Hadmn—levell

cases not central &
s i.e. Ry still needed =
+ default midpoint algorithm has ~2% of
400 GeV/c dijet events with >50 o SearchCons R2(-80GaV: 0.0%)
GeV/c of unclustered energy
All cone algorithms are IR-
sensitive
+ DO version of midpoint algorithm has 10
IR-sensitivity <1%
+ CDF version has IR-sensitivity of ~1% 1

-0t

virp

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

MWlissed Towers (not in any stable cone| — Haw can that happen?
Teges T see thiv?

Midpoint  (=30GaV:. 2.8%)

S,

B P iy

L it | 3

a but essentially no unclustered om0 oo iS00 2s0 00 | N\ oy e o
energy Unclustered Pt (GeV/ic) ! Wil towards ncarby larg
. cluster of encrey

Both algorithms are IR-safe



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

+ CDF is using the smaller initial search
cone; DO is not

a CDF cross sections will be 5%
larger than DO
+ inaddition, CDF is using R, of 1.3;
DO is using 2.0
a DO theory will be 5% larger than
CDF theory

So if CDF and DO were to measure exactly
the same events, they would report their

relation to NLO theory as being different b . .
10% Y ¥ 'We are planning a meeting(s)

between ATLAS, CMS and theorists to
try to avoid this for the LHC




DO report at the TeV4LHC meeting at CERN

@ [o address CDF observation of unclustered E+

CDF MC event run through D0 detector simulation

iPhi

S

50—

@ Runll cone R = 0.7

L o Jet towers
a0 @ Unclustered towers
pl < 2GeV

@ Unclustered towers

pl > 2GeV

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



Can’t we all just get along?

® | still believe that at the LHC, need
both k; and cone jet algorithms

® |'m working now on a version of the

Raw Jet P, [GeVic] Event 1860695 Run 185777
—+ JetClu R=0.7

D=1.0 oon 223 201

jet cone algorithm that matches as ] Deo7
closely as possible seedless pQCD

+ trying to bypass both Scylla and
Charybdis

® Trying to summarize/think for
TeV4LHC writeup

® Further discussion this summer



Predictions for LHC

These are predictions for ATLAS based on the CTEQ6.1 central
pdf and the 40 error pdf's using the midpoint jet algorithm.

0.5 05
1000 2000 3000 4000 1000 2000 3000 4000

oy 2B 2ay=y
Z I
% s
T =
=)
5
= 0.5+

1000 2000 3000 4000

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

(CTEQG.1M) prediction {ordinate) versus pr in GeV (ordinate).

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 balancinag



Reach is ~
+ 1.4 TeV/c for 100 pb-

Statistical reach

a basically no constraints on pdf’s

o 2.4 TeV/cfor 10 fb!
s 2.8TeV/cfor 100 fb!

For sensitive to compositeness scales

of~

¢ 4-5TeV/c
¢ 10-13 TeV/c
¢ 13-16 TeV/c

T T T
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JE(Tev}

FIG. 236. Maximum compositeness scale AY probed in jet pro-
duction at y=0 in pp collisions as a function of V5 for in-
tegrated luminosities of 10%" and 10°° em 7 according to the eri-
terion (8.18). mo= —1 (solid lines), o=+ 1 (dashed lines).
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Example: Unexpected new SM physics

In a recent paper (hep-
ph/0503152), Stefano
Moretti and Douglas
Ross have shown large
1-loop weak corrections
to the inclusive jet cross
section at the LHC

Effect goes as
olog?(E*/Mz?)
Confirmation is important
Other (unsuspected)
areas where weak

corrections are
important?

do/dEy (nb/GeV)

§ (%)

._.
[ae]
.

-y
]
=]

—
L]
=N

[
=
o

2 (W] —
s 8 o <

s
=]
TT

jet—production (|n| < 2.5)
6 = (NLO-LO)/LO

r T T T T T T
\\ Vv s = 14000 GeV (LO)

7 119890

g/%

4000

In Rumsfeldese, this 1s now one of the
“known unknowns”’.
What are our unknown unknowns?



W + jets at the Tevatron

Interesting for tests of
perturbative QCD formalisms

o matrix element calculations
¢ parton showers
e ...0r both

Backgrounds to tT production and
other potential new physics

Observe up to 7 jets at the
Tevatron

Results from Tevatron to the
right are in a form that can be
easily compared to theoretical
predictions

+ see www-cdf.fnal.gov QCD
webpages

¢ in process of comparing to
MCFM and CKKW
predictions

o remember for a cone of 0.4,
hadron level ~ parton level

Jet Multiplicity |

note emission
of each jet
suppressed by
~factor of o

parton shower
can produce 1
or 2 extra jets
but not more
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B 3p Kt 10
— 4p Kt 10
—=— Data

102

10"

I\\Illll\\\\lll
0o 1 2 3 4 5 6 7 8 9 10
N Jets

(W—ev) +=n jets CDF Run Il Preliminary
;‘ % T | T T ‘ T | T ‘ T T ‘ LI T | T UL ‘ L ‘ T %
2 c * J' _ e -
% 10 Lffet_ CDF Data |dL= 320pb .
o E gndigy = W Kin: ES=20[GeV]; Inl1<1.1 3
= = 2"let "w — g 3
w - o MY = 20[GeV/c’]; E; = 30[GeV] ]
lg 1 S3%et " L Jets:  JetClu R=0.4; i<2.0 IE
kel = . —— hadron level; no UE correction —
T oth. . ™ —— 3
R A 4 LO Alpgen + PYTHIA -
E g Total 6 normalized to Data 3
= —_— —
102 L ﬂ]ﬁ ™ I -
= —— f .
10° = T —— . E
= f ]
107 = =
10° = 7
E | | L | ‘ L1 | | I N ‘ | I ‘ L1 | I R ‘ | I ‘ E

0 50 100 150 200 250 300 350

Jet Transverse Energy [GeV]



/o dordy

Pop quiz

® \What's the difference between
the diagrams on the top and N
bottom? AW
® Answer: nothing, just a matter ;
of convention
Figure 1. Lovest ordor disgsams for the procction of o W and one jt at hadros

® Myth: ISR is peaked at eollder
forward rapidities

¥ ———opooooo —— VAV
0.20 G20
I I I I L \'\' i I ':
- , s B 7
< — 0.5 T —
N ] ]
B 1= Ve AN
Ty 1: £ ,.r”r Y 3
-1 = 0.0 — i \\ —
] e [ / N
\ i C J_a'.n’ \\\ ]
N ] F [ W
5 —] OS5 _.-"-.l’ \\\ - . Wl - S —
S /i \ ] d WY d ——00oocoo,
| | L AT A | [ T
0 2 4 &} -4 2 [+] 2 4 3
J8t rapldity, ¥ 18T rapldity. ¥

Figure 3. An alternative way of drawing the diagrams of Figure 1.

Figure 2. The rapidity distribution of the additional parton found in the real radiation
corrections to Drell-Yan production of a W at the LHC. The parton is required to have
a pr larger than 2 GeV (left) or 50 GeV(right). Contributions from gg annihilation
(solid red line) and the gg process (dashed blue line) are shown separately.



CKKW/MCFM

® CKKW procedure combines best of
exact (LO) matrix element and parton
shower description of multijet events

® Currently implemented in Sherpa
Monte Carlo and approximately
implemented in ALPGEN (miIm
procedure)

VAN

Figure 15. In the NLO formalism, the same scale, proportional to the hardness of the
process, is used for each QCD vertex. For the case of the W4 2 jet diagram shown above
to the left, a scale related to the mass of the W boson, or to the average transverse
momentum of the produced jets, is typically used. The figure to the right shows the
results of a simulation using the CKKW formalism. Branchings occur at the vertices with
resolution parameters d;, where dy > d3 > dy > dy > ds > dg Branchings at the vertices
1-3 are produced with matrix element information while the branchings at vertices 4-6 are
produced by the parton shower.

Steve Mrenna generated a sample of
W* + n jet events at the Tevatron
using Madgraph + Pythia with the
CKKW formalism and that’s what has
been used for a number of CDF
studies

+ hep-ph/0312274 with Peter
Richardson

¢ planis to compare to ALPGEN
and Sherpa predictions

Jet Multiplicit

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

7 8 9 10

N Jets

® MCFM calculates cross sections for
W/Z/H(VBF) + 2 jets at NLO and the 3
jet cross section at LO (see also later)



(Thou shalt) Listen to the logs

® |LookatW +>=1 jet events
and require the lead jet to
have >200 GeV/c transverse
energy

® \What is the average jet

multiplicity (>15 GeV/c) for
these events?

o 2.1
® |t's not just o, anymore;

there’s now also a large log
(E/#/15 GeV/c) involved

o in CKKW formalism, most of -
cross section for bin created 10f
by W + 4 parton matrix i

8

element

+ or another way of saying it is
that there’s a Sudakov
suppression for any events
that don’t emit such
additional hard gluons

| LeadJetEt>=1Jet |

10"

107

103

| Number of Jets |

50

I Op Kt 10
BN 1pKt10
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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;

WW fusion . . g
. e look at relative rapidity of
tag jet 1 .
- o . 3rd jet _
o H 0 Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c
------ o)
W
£ | Zeppenfeld delta_eta 3 _*
g2 o7 m a3 ] —A+H 3p
q ;20 ¢ ::ggzcl::cay i _+_
® Plan is to veto on backgrounds from Zjj by - ++ | —~A+H 2p
requiring no central jets (between tagging (g e \ :*:
jets) i o L T l + —CKKW
® Look atW + jets at the N :1:
Tevatron as a way of testing central jet rat I _l_
and distribution -
+ analysis in progress; result g T
will be absolute cross sections note "’i;-;'_ —+ T
® Extrapolate to LHC using central dip [ N '
MCFMt Td CKKW . with CKKW; 200 —+ T
+ study in progress wi ruce - -+ —+—
Mellado and Steve Mrenna CKKW knows -+ " T e
about ﬂ-ﬁlIII-4IIII-3IIII-EIIII-1IIIlulllllllllzllllallll4
Eta_3_Star

Sudakov suppression
for central jet emission
(so does data)



CKKW matching variation

® Look at probability for

3rd Jet to be emltted AdS A  >=3/>=2ratio Delta Eta Lead Jets et_08_tag_08_eta_0
function of the rapidity 1 M
_separatlon of the tagging 0.0- .
jets 0.8k

® Relatively flat probability ,,& —— CKKW Kt20
(although slightly 0.ab.
decreasing at low An due 053_ MCFM <p >
to kinematic |
suppression), stable with  ** — =l b
CKKW scale e

® Bracketed by two 02 MCEM m
predictions for MCFM 0.1 v

I et :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
USIng mW and <pTJ > as 00 05 1 15 2 25 3 35 4 45 5

scales Eta
® Data to be blessed soon



CKKW matching variation

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

o Pro bab| | |ty Of Jet em |SS|On >=3/>=2 ratio Delta Eta Lead Jets et_08_tag_20_eta_0
. —— CKKW Kt10
INCreases 1-
0.9~ —— CKKW Kt15
>=3/>=2 ratio Delta Eta Lead Jets et_08_tag_15_eta_0 C
» —CKKWKt10] 0.8
C 0 72_ —— CKKW Kit20
0.9 T I R
- —— CKKW Kt15 C
: 0.6 -
0.8_— C
- |, | 0.5
0.76- CKKW Kt20 -
- — 0.4
0_6_=|_| ! L C
— 0.3
0.5_— C
- 0.2
0.4_— C
0-3; 0.1 E_
- 0—|||||||||||||||||||||||||||||||||||||||||||||||||
0.2 0 05 1 15 2 25 3 35 4 45 5
- Eta
0.1
0:| 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 111
0 05 1 15 2 25 3 35 4 45 5

Eta



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{/¢t>15 GeV/c)
much higher than at Tevatron

® CKKW comparison underway

1.{} _—r||1]||||lrrr| I | I I11'|__
- hod ]:[j__:
0.8 1 LHC x = :
— ye H K W :,_—;
W+3Jet IDE —_ o HH y vt oo ]:;_—-
W+>=2 jet =" -« ﬁ“,:- X ¥ = H 8 ]
N . ]
0.4 — —
- Tevatron -
D"EFﬁnnr‘iﬁ““ﬁ”nn”“ﬁﬂnun”Knﬁn:: .
E{}_IIII|IIII|IIII|IIIIIIIII|IIII_.
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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
iIssues

® Has gone (partially) into Les Houches proceedings; hope to
expand on it later

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



Outline for paper

Inmoduction and Framework -calor flow: different color flows interfare with each other ziving rize 1o
L2 temms that don't comespond 1o a undque color flow; interference
2->1 and 2->I hard subprocesses at hadron colliders terms et prasent in panon shower honte Carlos
3 W2 Drell-YanHizes
b. High pT photon, jet, heavy faver 4. Partom dismibuwtion fanctions
3. basics (symmemies, sum mles, small and large x behaviory
Adding extra partons, real and virmal; cross sections and jet suctures b glabal fits (TGO, NLO, XNLOY
2. at LO {mee-level scartering amplimdas) C. uncertaintes

i increasing complexity of I2-n processes as n increases, & of
ﬁagramsgmlur factons Cross sections and imoentzinties
ii. rmmerical implementations — Madevent, Alpgen, Sherpa = 'm'h_s of tumb . .
fil. mew techniques — MEV rules, recussion relations i. parton-parton honimosities and uncerainties for LHC

) . . 1. effects of evolution
b at RT.D (Ea-factors, smenlarity cancellations, scheme dependence) 2 LEAPDF and effective use of pdf Jinties

Ln

L I.ugp_aﬁdre-al diagrams, toy model for singularity cancellation i, LD vs KLO vs parton showers, e g. reglons of applicability
. ongmn u-f_reduced E“JE dwm il WL comections (K-factors); generalizadons; edges of
ill. eomplexity of analytical calenlations, dependence on £ of lees, dismributions where perrbation theary breaks dowm

MACSEE, IENS0T SMaCmre b. comparisons to Tevatron data
v. mew mumencal methods (sector decomposidion, mumerical 1. WiZ siema, v disoiburions
Teducton ...} a. LD, NLO, NNLO

v mew analyiical methods (cutting rules, sewing amplimdes) 2 WIZ +jets

vi. examples a. LO+PS, NLO
c. at WHLO b. Zeppenfeld plots

i differemt commibutions (2-loop, 1-loop/'l unresclved, 2 arresolved) 3. inclusive Jet producton

ifi. I-loop calculations of 2-=2 processes 3. jer algorithms revisied
iii. botleneck gemeric integration of 2-unresolved contribution, b. feadback to global fits

solation for DY is to cororert real integrals -= loop integrals . fagmenzdon/TE comections

c. 50 benchmarks for the LHC — where appropriate, include best theoretical

iv. warks for tofal inclusive, simple cuts on rapidity - .
- CTO55 SeCTons, eITor estimatas

v. example (or already in Sec.2, 57)

d. at all orders (parton showers; analyiic Tesummmanion) é Eé%ﬁﬁﬁ;:m
e. jet algorithms L 3. inclusive jet production
f frapmentation and hadronization 4 WiZ +jets
g. merging fined order and parton shower predictions 5. top
i CEEW £ Higzs
i. mlm a zg-»H
ill. eormecdons berween parton showers and MNLO b WW-H

d. mew physics signamres and Standard Model backerounds
general points:
-power counding (i alpha_s) f. COrlook: theory and experiment
-where do logs comes from? What are LLT WLL? What calenlation has a LHC
whar? KELO

b.
-axact, leading pole amd elkonal approximations €. Samper
d. twistors



SM benchmarks for the LHC

See www.pa.msu.edu/~huston/
Les_Houches_2005/Les_Houches_SM.html
(includes CMS as well as ATLAS)

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 ¢ o o



Parton kinematics

LHC parton kinematics

® To serve as a handy “look-up”
table, it's useful to define a oy
parton-parton luminosity
+ this is from a contribution to e *
Les Houches - ewmces
® Equation 3 can be used to Ay
estimate the production rate
for a hard scattering at the
;«ij; B % 1+1 5 iy, ) [ (@2, 1) + (1 2 2)] . (1)

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

O’—Z/ day dxo filzy, p) fi(xe, 1) 0 (2)

ds dLj, .
°T Z / (_H) (dﬁriy) (503) - (3)

can then be written as




—
s
g

Cross section estimates

for the gluon pair production rate for s=1 TeV and As = 0.015,

1010 1 I |IIII|

dL/ds [pb]

10_3 1 1
0.01

0.05 0.10
Sqrt(s) [TeV]

0.50 1.00

5.00 10.00

10 |

10

ij)  we have %fi ~ 10* pb and 3 049 = 20 leading to o ~ 200 pb

g9 — g9

g9 —4aq

for

q9 — qq

99 — 99,99 —qq’

99 — 99

pr=0.1*
sqrt(s-hat)

qq — gg

g9 — qq

8
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S(TeV)

Fig. 2: Left: luminosity [%d%‘-’-} in pb integrated over 1. Green=gg, Blue=g(d + u +s+c+b) + gld+ i +5++b) +

1

(d+u+s+c+blg+(d+i+35+¢+b)g, Red=dd + uii + 5 + ¢& + bb + dd + @iu + 35 + &c + bb. Right: parton level

cross sections 4, ;| for various processes



Luminosities as a function of y
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Fig. 3: dLuminesity/dy at y = 1), 2, 4, 6. Green=gy, Blue=g(d + n + s + e+ b))+ g(d+ i+ 5+ 7+ B+ {d+nu+s+c+
Blg+ (d+@+ 347+ b)g, Red=dd + uii + 3 + o + bb + dd + fiu + 35 + Fe + bb.



LHC to Tevatron pdf luminosities

10000 ;———— T

® Processes that depend on gQ
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 ot Y
is primarily gq) at the LHC Sartd) [rev.

® Luckily tT has a gg initial state e e

s+c4b)g+(d+uts+24b)g (middle), Red=dd+uti+ss+ce+bb+dd+ nu+3s4-cc+bb

as well as qQ so ™
enhancement at the LHC is a

108

factor of 100
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o
Q
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-
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dL/ds [LHC] / dL/dS [Tevatron]

& 10°

¢ butincreased W + jets £
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at the LHC
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Figure 10. The parton-parton luminosity [%%;‘-‘-] in pb integrated over y. Green=gg,
Blue=g(d+u+s+c+b) +_Ll(5+_ﬁ+§+ E+E)+(d+i;l+s+c+ blg+ (d+u+s+e+b)g,
Red=dd + ut + s5 + ce + bb + dd + #u + 85 + ¢c + bb. The top family of curves are for
the LHC and the bottom for the Tevatron



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
Run Il Maonte Carle Warkshop, April 20019

Single boson  Diboson Triboson Heavy flavour
W + = 55 WW + < 5 WWW + < 3j tt+ < 3j
WHbb+<3j WWHbb+<3j] WWWHbh+<3; H4++<2j
WaHmE+<3j WWreE+<3i WWWHp+<3] tH4+WH+<2j
Z + < hj ZZ + < 5j Zyy+ < 35 tt + & + < 23
Z4+Wh+<3 ZZ+b0+<3] WZZ+<3; H4+H+<25
Z+E+<3f ZZ+cT+<3i ZEZEZ+<3j th + < 2j
v+ < 5j v+ = 5 b+ < 3j
TH+bb+<3; gy +bb+<I;
YT+eT+<3] 4+ ef+<d

WZ+ < 5j

WZ +bb+ < 35

WZ+ el + < 34

W+ < 35

Zv+ <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 + 2 jets now complete
« what cuts will be made? 1. background to VBF
+ how important is b mass for production of Higgs
the observables? 3. pp->tTbB
® How uncertain is the final 1 background to tTH
state? 4. pp->iT +2jets

+ what does scale uncertainty
look like at tree level? 1. background to tTH

+ new processes coming in at > pp->WWhbB
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->tThB? physics
A j=g->bB 8. pp>VVYV
+ CKKW may tell us something 1. background to SUSY
about higher muiltiplicity 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?



Summary

® Now is the time to set up the SM

tools and measurement program we ® Once LHC turns on, everything is

need for the first few years of the LHC going to move quickly
running ® The detector is going to be “as is”
+ still great deal of preparation for and constantly changing

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 should be available
soon

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

+ “We take data not with the
detector we want, but with the
detector we have.”




Fractional uncertainty of dL/ds

gg luminosity uncertainties
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gg luminosity uncertainties

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

2.0

gq luminosity uncertainties
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gQ luminosity uncertainties

Fractional uncertainty of dL/ds
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Fractional uncertainty of dL/ds dy

gQ luminosity uncertainties
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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

tdt’ rdzoas (z/z,1)
_Eﬂj[ l fzz?r f(rr:,t]}

Probability of emission
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

Sudakov form factors g->qg Q=200 GeV

Graph

Curves from top to bottom correspond
to x values of 0.3,0.1, 0.03, 0.01, 1
0.001, 0.0001

Sudakov form factors for g->qg for
x<0.03 are similar to form factor for 056
x=0.03 (and so are not shown)

Sudakov form factors for g->gg 04
continue to drop with decreasing x
¢ g->gg splitting function P(z) has
singularities both as z->0 and as 0

0.8

0.2

\\\

03
0.1
0.03

z->1

Sudakov form factors g->gg Q=200 GeV

Graph

¢ (Q->qg has only z->1 singularity

For example, probability for an initial !
state gluon of x=0.01 not to emit a
gluon of >=10 GeV when starting from

an initial scale of 200 GeV is ~35%; os
i.e. there is a 65% probability for such '
an emission _

0.2

0.8

0

0

03
0.1
0.03

0.01

0.0001

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 |

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

T

Entries 36
Mean 2.083
RMS 0.9825




Sudakov form factors

® |f | go to small x, or
high scale or a gluon
initial state, then
probability of a ISR
gluon emission
approaches unity

® [he above sentence

basically describes
the LHC

L
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[ Sudakov form factors g->gg Q=500 GeV I
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Consider inclusive jet production

500 GeV jets at the Tevatron
are produced primarily by qQ
scattering (although gq still
important)

For 500 GeV jets at the LHC,
scale down by a factor of 7 in
X

Most of the jet events will be
produced by at least one
gluon in the initial state

High Q, smaller x, gluon initial
states mean more ISR

Subprocess fmclion

a5 r

flp—:-}&t +X
Vo= 1500 GeV CTEDSM p=E /2 Oclnj w5

44

]

1 1 1 1 ] ] 1 1
100 180 200 280 300 350 400 450 500
E, [GaV)

FIG. % The subprocess contributions bo central j=t production.



Jet production

® At the Tevatron, there’s a
50% chance of an
additional (soft) jet in a
high p; dijet event

+ there’s a Sudakov
suppression of events
without such radiation

. FlrSt Jet |n an ATLAS | LegoPlot for ATLA| | ALAS egoPIot
high p; dijet MC sample e Bl
w _xjﬂa’_'_f'ﬁ'i"_ e e J)ilif |:mq2;ﬁ 13
that | looked at has 12 e @
jets (but still clear dijet S
structure) o

=13 |



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, calculated
using a selection of input parameters. In all cases, the CTEQSM PDF =set is used
at NLO. K uses the CTEQ6L1 set at leading order, whilst &K' uses the same set,
CTEQ6M, as at NLO. Jets satisfy the requirements py > 15 GeV and || < 2.5 (5.0)
at the Tevatron (LHC). In the W 4 2 jet process the jets are separated by AR > 0.52, from I'eViGW paper;

whilst the weak boson fusion (WBF) calculations are performed for a Higgs of mass

120 CeV. in process of adding
Typical scales Tevatron K-factor LHC E-factor

Process po 1 Klw) Kpa) K'(mo) Klpo) K(a) K'(po) MOTE Processes, any
W mw 2mw 133 131 121 115 105  1.15 favorites mlssmg?
W+ 1 jet mw  (pE) 142 1.20 143 121 132 142

W + 2 jets mw (pF) 116 091 120 089 088  1.10

tt my 2m. 108 131 124 1.40 159  1.48

bb my 2my 120 121 210 098 084 251

Higgs via WBF  my (pF) 107 087 107 123 134 1.00

® 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
- FSR
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




