Te\ HC

Hadronization and underlying energy
effects in comparisons to parton level
calculations:

a prompt for some theory/experimental

discussions

Joey Huston
Michigan State University



Te\d HC
® MRST2004 pdf's have o2
what they term a ff’;me
physical gluon "
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® New MRST2004 pdf's
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to CTEQ6.1 at high x =~ o}

® And thus similar 0125
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Tevatron and LHC
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Te\dHC Inclusive jet cross sections in CDF

Inclusive Jet cross section
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Te\ HC Inclusive jet production

ts at the "Detector Level”

® |.e. the response

. cle Shower Response Functions: Red SETPRT Blue HERWIG
functions are based on %%
L : r
the hadrons inside the jet N ES100GeV || <JetEi> =88 Gev
cone and not the partons £,
® NLO cross sections are - e aar SEETRRENRL S T
S Jet Et (GeV)
at the parton level LT e
;e e
. EKS, JetRad, MCFM, t;ﬂ' s §—<Jet Et> = 350 GeV
o either 1 or 2 partons per Ry
jet 2 Ty e i
+ MCatNLO is adding jet %q e T Nameeyy
production but Steve and &
Bill haven’t done their @ -+
, , L e
homework yet so we're still

g~
/
=1
=]

waiting




Te\ HC Out-of-cone

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

® Out-of-cone corrections (Level L F "
7) take that into account Eﬂg : e
® \We don’t want to use Level 7 F ,.f-*‘*'d
corrections with NLO I
calculations WTE | <02
+ most of the out-of-cone 06 i p=Er
corrections are already a5 L
described by the gluon f DGRV CE < 100 GEY
emission in the NLO U454
calculation 0.3 — * [¥] Dota, SNOWMIOSS 1,8
+ to the extent that NLO () SENTE T NI P

L 925 03 Q73

corrections describe the jet r

shape, out-of-cone
corrections should only be
used for comparison to LO
predictions and notto NLO



Te\ HC Hadronization corrections

® But still may be useful to
provide hadronization

corrections _
+ correct for hadrons derived , A"+ (2)
from partons inside the jet ,fm
cone that land outside the ;’ -
jet cone f 1T
+ not described by an NLO f !{im_ﬂuhrad:zf e
calculation e Y J]" / f'rl:raglnentau-:-n PIOCEss
+ think of an A1 decaying r outgoing parton
into sttt and one or two of Hard scatter

the pions are thrown
outside



Te\ HC Hadronization corrections

® Can do back of the
envelope calculation
using a FF-like model
+ find order of 1 GeV/c

® Or can study using
parton shower Monte

fiomzider the hadrons that represent the decay products of a high kp parton. Let q be
the rapidity of the hadmons relative to jet axis. Let &r be the transverss momentum of the
particles relative bo jet axis. Let the distribution of hadrons be

a4 LR
m—ﬁup{ |'D¥-_. '.*I'r.'_ll I:ll:l]

whete A is the number of hadrons per unit rapidity and {4 is average &3 of the hadrons.
Then the Ep lost is approsimatey

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

g = [Ty [l 5|frler (11)

o =_vfﬂu-@[ew_ 1. (12

Carlos with hadronization e /- oscev m 45 1

on/off

+ hadronization correction
for NLO (2 partons) =
hadronization correction
for MC (many partons) to
the extent that the jet
shapes are the same

B e 11 Qe (13



Te\ HC Herwig study: all rapidity, cones of 0.7 @

...order of 0.5 GeV/c for whole E range
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Te\4_|—|C Jets in central rapidity region, cones of 0.7

...order of 1 GeV/c for whole Erange
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Te\d HC

® |s it surprising that the
splash-out is relatively
constant as a function of
jet E4?

® The amount of energy in
the outer annulus of a jet ¥
doesn’'t change much as
the jet E; increases

¢+ more energy in the jet

¢ Dbut the jet also becomes
more tightly collimated

1 GeV/c
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Te Y HC

Out-of-cone corrections

Jet Et Contribution to 1ts annuli (using tower info)
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Te\ HC 1 GeV/c

® How important is 1

CDF Run Il Preliminary
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GeVic — —

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

+ see for example the
UE systematic error

J

certainty on o
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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
KL F . '||I5-\.'."|' 1 1 = i



Te\ HC Splashout correction for inclusive jets

® Splashout results in a do |" der "'| Iy - n 3%‘}
correction to the NLO cross dBr  \aEr fgn | Er
section o\
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Te\q HC 630 GeV

® |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



Te\ HC  Not just for inclusive cross sections

laouozll\l II|I\I|III|\\I|III|\II

® \We’'ll need hadronization B
corrections for precision s coar
comparisons of NLO W + RN |

1, 2 jet cross sections to

data

® ...or for any other NLO : "
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Te\g HC ldea

® Currently, we are comparing
jet shape to 1 gluon (NLO) or

CDF Run Il Preliminary

o 1 [fecrom = -
many gluons (Herwig/Pythia) o™ # v [ 3
¢ comparisons in progress with -}u.ﬁz—_ sacnrcman |o of amcnpcenon (b
NLO 3 Jet Ca|CU|at|0n 0.252— AR IR IR 4 E z_ [ER LT b ;_
® Not really sure how well | e e S
either describes periphery of St B =
jet ot Sl Ll i
+ parton showers are a better “'225_ | o Eooo
description of collinear I = E
emission x07BE 7 e 7 ¥
+ NLO doesn’t have :2:: mrcomcas [ areress [ oncomress |
hadronization b

—
=

® \What about a CKKW Ny " o5 r,lxé
description of jet shape using

Figure 32 Measured integeate] jet shape, ¥(e /00 0 inclusive jet prodeetion G jol

m atri X e I e m e n ts fo r n h a rd ;j'.I-II!.-II'I;.III'.I:; I:I:}I.Il. I:I: :III:.T!" :-iI:IIIILI:I!;Tn.l :III.II.| ‘-'I -\-:-II:!II'..I I.:Il:' .-l II.:lIel '\.'::Ii :I:I.I..I II:II.‘\-I::II:;I;:;:!I;I: 11 II'.|I'-I| ||I|II.:|-II;II::
gluon emissions + parton ettt 142 foattad Hoce) oo ginon At b e Hneet s shom b o

showers?

+ interfacing to full
hadronization



Te HC Underlying event subtraction

® 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)!



TeqHC Run 1

® |In Run 1, we assumed that the ___ CODFRunliPreliminary :
appropriate level of energy to AN FlecwonPhoton 7
subtract was that contained in — — ]

active (class 12) minimum
bias events

® But we assumed a 30%
uncertainty on the amount of o
energy to subtract, and this Fagrevaton___— Resolution
ended up being the largest -
source of uncertainty for jet E; T

less than 60 GeV/c O B e ettt}
. . . 5 _'_______________-—-—'-" __-_-_-_-_-___-_________...-
® But this is a different source of

= pha

High P Response :’i‘jﬂm_:_’/

L

|

ra

= Fa

Percent uncertainty on o

rla

J

=]

error than any other, since it's T
basically a physics error g it e b e e

. Can We red uce 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



TeQHC Analysis by Valeria Tano

® 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 |
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TedHC  Monte Carlo definitions @

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

§ == tie2-FIR .

£ ae""-_._--"_ 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!




regrc I'|e|pful magazine

® At first | thought a s Afiianati Roy: &
magazine devoted to IRW i g8
ISR might prove -
helpful

® But then | took a e 4P
closer look at the title G |
and realized that this
IS a magazine that
Steve Mrenna would
never subscribe to

s Biology
Destiny?




TeqHC Summary |

® 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, i.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 DO?



TeqHC Summary |l

® \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?



