Jets: the story so far Te4HC

® Most of the tools we want

to produce/develop in
this workshop are QCD-
related

ME/MC generation

NLO

jet algorithms

pdf's and pdf uncertainties

,ﬁdﬂgtﬁedﬂfa & experience r v A
fromt the Tevatron

to prepare for the LHG I 5 -,' i. _

Warking Groups Contacts: Cynthia M. Sazama (FNAL)
QCD, Top & Electroweak Physics, saxama@fnal.gov + tevilheorg@fnal gov
Higgs, and Physics Landscape.

Information & Registration: hitp.// conferences.fnal govy/tevfthe/

| don’t even know why  @®@Note that there have been a

people are going to the
other groups

-my ed. comment

series of previous meetings
organized by Steve Mrenna and
myself dealing with these types of

iIssues for Run 2
scepa.fnal.gov/patriot/mc4run2/index.htmi



SM Physics TegqHC

Before we publish new physics at the LHC, we need to understand SM
physics. A lot of prior knowledge can come from the Tevatron.

PIOLon - (ant)proton £ross sectcns

Backgrounds — Measuring and Calculating 1P gy 16

10° a, 10’

10/ Tevatron Ij—[(" 3

At present, we rely on MC for signal and background estimates 1’ P S B

There are uncertainties in rates from PDF's, higher order QCD 10 L qu
Most of these do no matter at the moment, They will matter once data appears 1’ l - qu'
The MC/theory tools must match the experiments 7 . f’fff.- ' o ,5
Don't forget that the LHC will be a precision machine. o “elfr R _ r’isi*:,i - W .
Some processes are not well understood: For these we need flexibility in the modeling £ ml 3‘; 1?\’;& P L
A concern: underlying and min-bias events ° mf Al B¢ > 100 Ge\) f :‘b{f thd %
Affects process that need forward jet tagging e.g. WW — scattering or central jet iz’ e ;,fj:; : ILD £

veto e.g. extraction of objects produced by EW interaction - ) / ) ,f;,ﬁ 1 -

Will be measured once data exists and MC will be tuned to agree... But o o [EF> i ;// 1 o

Speech 10° b OugeMy, = 190 Gev] H“‘;&H 1 -

Ian Hinchliffe from BNL meeting 10° I, (M, =500Gev ““\\ 1w

Js  (TeV)



Physics group goals Teq HC

® QCDsub-groups ® Top and Electroweak
+ pdf’s and event classification _

a extraction of pdf’s purely at ¢ top production and
high-momentum transfers

a establishment of jet contracts decay
between experiments and . analysis techniques
theorists

a subtleties and practicalities + Improved tagging
of jet algorithms strategies

+ hard scattering and

hadronization
. . great deal of overlap
A testing of matrix element-

parton showering matching .. .and that’s why much of our time

A underlying event tunes and N .
model development here was spent in joint meetings

A tests of hadronization and
tunes/universality of tunes

+ diffraction



Conveners and info

® QCD conveners

o M. Albrow, F.
Chlebana,A. de
Roeck, S. Ellis, W.
Giele, J. Huston, W.
Kilgore, S. Mrenna,
W-K. Tung, M.
Wobisch, M. Zielinski

® Group website

¢ WWW.pa.msu.edu/~hu
ston/tev4lhc/wg.htm

® Sub-sub-groups

*

PDF's and PDF
Uncertainties at the
Tevatron and LHC

Jet Algorithms and
Event Structure

Matrix element/Monte
Carlo/NLO matching

Hadronization
Corrections and UE
tunes

Diffractive Physics

Te\ HC



Jet Projects Teq HC

1.

iInclusion of jet production in
MC@NLO
Steve Ellis,Bill Kilgore, Stefano
Frixione, Joey Huston

Stefano was deemed a security risk
for this meeting, but hopefully the
work will continue at Les Houches.
Practicing safe exclusive (jet)
final states (jet vetos)

Steve Ellis

jet algorithms at the Tevatron
and LHC

-impact of splitting/merging;
understanding the effects of
splitting/merging at the parton
and hadron level

-impact on boosted systems,
e.g. W->jj in high p; top
-understanding differences
observed in jet reconstruction
between CDF and DO
environments

-reconstruct sample of MC events
that produce problems in the CDF
environment using DO and LHC
algorithms

From website

® A stand-alone CDF
Fortran/C++ jet clustering
routine is available here.

® Some descriptive text from
Matthias Tonnesmann is
available here.

® The Monte Carlo events that
resulted in "dark towers" or
"fat jets" in the CDF clustering
are available here (along with
some descriptive text from
Matthias).
Michael Begel, Frank Chlebana, Steve
Ellis, Joey Huston, Alison Lister, Matthias

Tonnesmann,Markus Wobisch, Marek
Zielinski



Jet clustering TeqHC

Missed Towers (not in any stable cone) — How con that happen?
Dhoes THA see this?

® Run Il analyses in CDF
and DO use both cone
and k; jet algorithm

® CDF has used both
JetClu (Run |) and
midpoint (Run Il)
algorithms; DO solely
midpoint
+ subtle issues (and
solutions) regarding use of
midpoint algorithm
+ See hep-ph/0111434, S.
Ellis, J. Huston, M.

Tonnesmann, On Building
Better Cone Jet Algorithms

Srateu Poteniil Wi

Loyt
. d any cone
_ W, here 1s
-1 MI"IIl'_I’llJIh-""".I i t I ]
d ' cluster of encrgy

Solution: smaller initial search cones (Rcone/Z)



Te\ HC

Fat jets
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Interesting event to study algorithm differences’ e\ HC

Raw Jet P [GeVi/c]
= JetClu R=0.7
— MidPoint R=0.7

K, D=0.7

Only towers with E; > 0.5 GeV are shown



Jet Projects Teq HC

T I T T T T | T T T T I T T T T I T T T T
Systematic uncertainties. Cone 0.4

— Cuadratic surm of all contributions

3. UE subtraction

-definition of UE + uncertainty for
comparisons of data to NLO

UE subtraction uncertainty
dominant at low E-

-impact of ISR on jets and jet
predictions

------ Absolute jat energy scals
== Oud-al-Cone
- Ralative - 0_2<n|<0.6

0u0co Underlying Event

Fractional systematic uncertainty
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T T | ol b L
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->is there an ISR contribution Corrected jet Py (GeV)
not accounted for by NLO? ETsum Density: dETidna)
\ 1[h:|_ﬂ§-Hw1'c-r  Parieten Pristg) = 30 Gov

-operation in high multiple P Sy .y

interaction environment

Rick Field, Joey Huston, Peter
Skands
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R. Field, TeV4ALHC WG meeting in
December




Inclusive jet cross sections in CDF Te\d HC

Inclusive Jet cross section

‘ T h e i n CI u S ive (CO n e ) j et E p - (DATA-THEORY YTHEORY

cross sections reported - o - o

by CDF in both Run 1 s s
and Run 2 (to date) have : N } |
been corrected back to WWLL
the hadron level and not = swssow o it s i

1
nnnnnnnnnnn

to the parton level — Ll
® New results to be

& E
. : . > 0L
blessed with the midpoint ¢l COF Run  Preliminary
. . £ = Integrated L = 177 pb*-1!
algorithm will correct E S 0.1 < [h#7Detl] <07
g JetClu Cone R = 0.7
back to the parton level S10
L0 L
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107 - —NLO pGCD Uneertainty (CTEQ 6.1)

'ﬂ-ﬂ E PR T T R L e | I
0 100 200 400 500 €00
Inclusive Jet E, (GeV)



Inclusive jet production Te4HC

® |.e. the response
functions are based on
the hadrons inside the jet
cone and not the partons

® NLO cross sections are
at the parton level
+ EKS, JetRad, MCFM,...
+ either 1 or 2 partons per
jet
¢ MCatNLO is adding jet
production but Steve and
Bill haven’t done their

homework yet so we're still
waiting

ts at the "Detector Level”
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Out-of-cone TeQHC

® A finite size jet cone will always
miss some part of the jet energy

® Qut-of-cone corrections (Level 7)

take that into account - L i,
® We don’t want to use Level 7 < 'F e
corrections with NLO calculations 0.4 F ‘f,f'
+ most of the out-of-cone st ¥
corrections are already described F
by the gluon emission in the NLO A7 il < 0.2
calculation asbi 1 y=F,
+ to the extent that NLO -
corrections describe the jet b IDGEV < E < 109 GEY
shape, out-of-cone corrections 0.4 :—*
should only be used for -
comparison to LO predictions and U3 [ * X Data, Snowmass 5,
notto NLO D.E-HHI"I'IHHIIHII'

L 925 03 Q73
¥



Hadronization corrections T€4-HC

® But still may be useful to

provide hadronization
corrections

+ correct for hadrons derived
from partons inside the jet
cone that land outside the
jet cone

+ not described by an NLO
calculation

+ think of an A, decaying
into it and one or two of

the pions are thrown
outside

= of(An)* +(Ap)°
;
| Tet
)
J

T
0!

f.-*"" colorless states

;ﬂ:‘"-n-.h - hadrons -

'.i'
# Fragmentation process

. outgoing parton

Hard scatter



Hadronization corrections  T€4-HC

® Can do back of the

Consider the hadrons that represent the decay products of a high &y parton. Let 5 be

envelope calculation e sy s weesn e
usSing a FF-like model %=£ﬁap{—$ﬁ=ﬁ%}}. (10)
* fl nd Order Of 1 GeV/C ;Er &ighﬂsﬂirpﬁiﬁ; per unit rapidity and (&} is average ¥ of the hadrons.
n . = SR I " anN
® Or can study using o= o [ glRe o &

where gy = — In(tan{ f/2)) . Performing the integral gives

parton shower Monte A "
Carlos with hadronization e /- oscev m 45 1
on / Off B s 11 CaV. (12)
+ hadronization correction
for NLO (2 partons) =
hadronization correction
for MC (many partons) to

the extent that the jet
shapes are the same



Herwig study: all rapidity, cones of 0.7€\4-HC

...order of 0.5 GeV/c for whole E range

IIIIIIIIIIIIIIIIIII
—10 —5 i =] 10

par—had( 172} par—hadi1 A2




Jets in central rapidity region, cones of 0.7 €44 -HC

...order of 1 GeV/c for whole Erange

e |=..'.'." — : e
JET?20 0.83 GeV/e - JETS0
1—12 III —ILI = = — .!D 1—"Iil I I—IJ = L | =) I"II:I
par—hod(1.3) por—hodi1 /)
JET70 1.04 GeV/c = JET100 1.04 GeV/c
1—1il-!';l III H‘;J ' .Iﬂ!:ll = Iél I]TEI 1—‘|;llll- h!ﬁ- I Ill!l:ll = Ifll ‘II[I
par—had( 1727 par— hadr A2




1 GeV/c Teq HC

® [s it surprising that the CDF Run Il Preliminary
splash-out is relatively : L :
constant as a function of L fwcnrcumon ||
jet E{? E ¢ oaereicar B
® The amount of energy in g it G ) S —
the outer annulus of a jet $°7F 2~ | # |/~
doesn’t change MUCh s b ¢ sewicer [ | sretwices [£ | aserwice
the jet E; increases = Y TRRRT N SR SR TR
+ more energy in the jet "‘:;:;mg_f;""' i ¥
» but the jet also becomes 08 ¢ werrcizan|E & neccimoml ¢ 1m e s
more tightly collimated opsf MOV p eTenmenT oo dehmienr
T S T R

r/R /R r/R

Figure 3: Measured integeated jet shape, ¥/ 8. o inclusive jet procia [ar fi
with 0.1 = |¥77 - nT .:.-I W GeV = B '.|-'c;|-'-'. i ||||| el .'-,' reEas,
Error bis ncicate the statistsal el systematie oneertatnties sdded b guadsaimne
(e pareshictions of P :|JII|'. soalbil Dimess) amel thee separated cond ||I|I| s [rom epuark
it e e :ll-llln:. limes anad gluom-indtbated jets [dasled laes) ae shown for com
e



Out-of-cone corrections

Te\ HC

Jet Et Contribution to 1ts annuli (using tower info)
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1

® How important is 1
GeV/c

® \\Vill cause a
noticeable deviation
at low E;

+ see for example the
UE systematic error

E
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GeV/c Te\ HC
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Figure 14: Tle percentage crmor on the cormected cross section vesalibng
fromn the inadivicheal conteilaetions toe e vetal systematic error, The dominant

meeriabnty comes feom the shill o energy scale



Splashout correction for inclusive jets! €4HHC

® Splashout results in a do |" der "'| Iy - n 3%‘}
correction to the NLO cross dBr  \aEr fgn | Er
section o\

CDF Run Il Preliminary B = = o M\ am )L
=B DA< J<07

jet E distribution

7 16= JetCh ConeR=07 | +

n varies from about 5.5 to 13

SpE T 3
3 27 ItegratedL= 177 54" ‘ = where n is the local slope of the
= about a 15% effect at the lowest

e —values of E; we’ve measured so
é 4:%: L COF Bun i Date, 5 =15 Tay :: far
'l-_U 3.55_ [ | Syslematic Uncariainly _; . .
O 35 = NLOpaCD Uncortiny [CTEQE 1 = even more 1important if we g0 to
s L5E =
S - i - lower E;
215 pa '8 - . .
P17 p——t = effect should die away slightly
055 I I _E
0 100 200 w s m slower than 1/ E;
Inclusive Jet €. (GeV)




630 GeV Te\q HC

® |s this the problem
with the 630 GeV
cross section (and R AR

- o{B30 GeV)/c(1B0O GeV), with:

the x; scaling result)? R o=y (B Bt g

® |[t’'s an effect that’s

there, but to describe
the CDF data, need a o

C Bolid: A=£2.8 GeV

R

0.5 — Dashes: A=0 =
much larger - Dosbes ]
AT RN R BN R
S p I aS h O Ut *%q 0.1 0.2 0.3 D4 05
Fi 17. Fit of the CDF data using th t NLO
L 4 maybe Other power je::g;lrru;ess—sectioln ?CTEQSI&-I,':;JE 1115'8;11,/%), Eases):;iing an

corre Ctl on effe CtS d ue Er-independent shift A in the jet energy.
to jet algorithms etc
contribute



Not just for inclusive cross sections/€Y4HC

® \We'll need hadronization
corrections for precision
comparisons of NLO W +
1, 2 jet cross sections to
data

® ...or for any other NLO
comparison

® Note that for W + jets, we
will need the
hadronization study to be
repeated for cones of 0.4

B O I B
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ldea TeqHC

® Currently, we are comparing jet

shape to 1 gluon (NLO) or many CDF Run Il Preliminary

. . = 1 Fearom — =
gluons (Herwig/Pythia) S 3
+ comparisons in progress with P b Arcorcme | Fumcrrcomon |-
NLO 3 Jet CalCUlatIon ﬂzﬁg— [AEAL R 4k g_ oA 10T g_
® Not really sure how well either of | S T N
describes periphery of jet g 'F = 3
pn s E . = -
+ parton showers are a better F - - =/
. . . . . 05 BILPECTION | TICAMLBaCal | A7 B4 LPMLA7 Say
description of collinear emission E L cwienr B srermicar F o aaerwicas
s E = -
+ NLO doesn’t have hadronization 5 5 :
— n : | | : i | : 1 | |
® \What about a CKKW description R 3 S
of jet shape using matrix BE 7 V. ¥l
eloments or n hard gluon W Sk rind Sviimy ey
. . 025 E - -
emissions + parton showers? E | I | E | |
. . . pF e B R
¢ interfacing to full hadronization o 0.5 10 0.5 10 0.5 1
r/R r/R r/R
Figure 32 Measured integeate] jet shape, ¥(e /00 0 inclusive jet prodeetion G jol
with 001 < V7 < 0.7 amed 37 GeV o= P o= L8 GeV, oo different P27 negions,
Error bars indicate the statistical amld sysicmatic o tintisthes sl b gquadratnre.
[he proshictions of PYTHLA (solid hoes) and the separated conteibations Tnom eguark
it hated jeos [dotied loes) and gloon-initbaied jets [dashed loes] are shown for com

JRTEaHL.



Underlying event subtraction  7T€4-HC

® For comparisons to NLO codes, @Byt the above definition is a very murky beast

the underlying event energy not ®Just what is th at derlvi
connected to the hard scatttering ust what Is the appropriate underlying

has to be subtracted from the jet €VENt energy to subtract
CONEeS it ricia November 12, 2004
The “Underlying Event”

¢ What is vour definition of the “underlving event™ in a hard scattering

. >
Acrun‘f-'.l:lﬂcess ' Definition HARD + UE(1) e

2-to-2 Two outgoing partons

ISR Initial State radiation e S e

FSK Final State Radiation Underlying Event . ==

HARD 2-to-2 + ISR + FSR

BBR Bean-Beam Remnants Fimal-State

MPI Multiple Parton Interactions Outgoing Parton Fadiation NEtEE;a:rmUUE{ES{}]!},
Pile-up Additional proton-antiproton collisions

MB “Minimum-Bias™ collisions

UE(1) BER + MPI

UE(2) BBR + MPI + ISR

UE(3) BBR + MPI + ISRE. + FSR.

UE(4) MB (does not make sense!)

¢ My definition is UE(1), but for some jet corrections vou might want
UE(2) or UE(3). No observable directly measures UE(1)!

¢ The Run 1 “UE” correction was not intended to be UE(1)!



Run 1 TeqHC

In Run 1, we assumed that the ___ CODFRunliPreliminary _
appropriate level of energy to AN BeowonPhoton 7
subtract was that contained in - — ]
active (class 12) minimum = o
bias events : % :FM:’/:
But we assumed a 30% %_1 ~ _’-——-—-\:
uncertainty on the amountof ~ £= " N
energy to subtract, and this S A Freorension ML/_
ended up being the largest 5 k
source of uncertainty forjet E; & JE = —— f——___‘k\i
less than 60 GeV/c 10 g e Tl
But this is a different source of ~ €—— —""""HF:
error than any other, since it's ]
basically a physics error e & e S

Can We reduce this error for Figure 14: The percentage crvor on the cormecied cmss section resiliing
Run 2’? o the idivichizsal comteilaetions o e vetal syatensatie eoror, The dominant

umceriabnty comes feon the sl o Clerey sk

=]



Analysis by Valeria Tano  7Te4HC

She found the min cone If we continue with that philosophy, what uncertainty
energy to be relatively should we use?

constant as a function of the $ °Fs waxoas
lead jet E; and similar to the N e b TIF
i T4t - *‘i—ii;*
, _ e T . ke |
energy level observed in ] repeane e <F i

. . . 3t 4+
active min t;las events | % H—}H ¥t

o MIM Data
[ & MIN HERWIG
g

ot #}mﬁﬁi .' Qﬁ-’
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T
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Monte Carlo definitions  T€4HC

As expected, the ISR contributions to min region are suppressed.
Would it be useful to define DPS+ISR 1n which the hardest gluon is
removed (an analog of NLO) and examine how much energy is
contributed to jets and to max and min regions? Perhaps with the
new version of Pythia where DPS+ISR are treated in a more unified
manner? Also with the new version of Herwig including Jimmy.

HERWIG: “MIN Transverse” PIsum Density

"TransMIN™ PTsum Density: dPT/dndd

-
i

¥

g 1 GeV Density

T e

& HERWIG [

E_| .88 Tev

E 'I,' EER I

E 04+ - ".' ..................... e e e -

:* ¥R

§ == ticz-FIn .

£ ;‘"—.—-——_ e im0, P13 deviol To compare with NLO parton level
0.0 ' ' ' predictions (i.e. JetRad) want to

@ 50 10 1 N0 B0 W0 350 400 450 SO0 remove BBR plus “soft” radiation
PTijst&1) [(Gavic) not included in NLO!




Summary | TeqHC

® To first order, hadronization corrections are a constant and of
order of 1 GeV/c for reasonably high E- for a cone of 0.7 using
Herwig
+ should be checked for other cone sizes, and with other Monte Carlos,
l.e. Pythia
+ should be checked for lower values of E;
+ and we should make a more detailed comparison of parton level jet
shape to that from Monte Carlo, data

A Note: EKS, JetRad give jet shape at LO; NLOJET++ gives jet shape at
NLO

® Hadronization corrections come out automatically if bin by bin
Monte Carlo-derived corrections are used

+ just refer to partons in the jet cone rather than hadrons

® |s there anything more sophisticated we should be/could be doing?
Should we try to do something similar between CDF and D0?



Summary |l TeqHC

® \What is best estimate of the appropriate
value of underlying event to subtract?
+ active min bias level?

+ tuned Pythia/Herwig prediction for min cone
in jet events?

+ tuned Pythia/Herwig prediction for
contribution to jet cone from BBR + ISR (with
hardest gluon subtracted)?

¢ Something better?



You're all wondering, How can | enlist? Te HC

® Four listserver mailing groups have
been set up:

tev4lhc-qcd
tev4lhc-higgs
tev4lhc-topew
tev4lhc-landscape

® |f you would like to subscribe to the
working groups, here are the
instructions:

+ To subscribe to a mailing list
called MYLIST

1. Send an e-mail message to - W .
listserv@fnal.gov y aVtaVe w

2. Leave the subject line blank I w R B You

3. Type "SUBSCRIBE MYLIST -

maeres., FOR U-S-ARMY
(without the quotation marks) in ™ ®

the body of your message. T e I_E QCD




