CMLS

Discovering the Standard Model during
the first year(s) of the LHC

(and reliability of SM predictions)

J. Huston
Michigan State University
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(MF» Introduction

o Before we pUb'lSh BSM proton - (ant)proton cross sections
discoveries from the early 10" g g 0
running of the LHC, we want e or < Ehd
to make sure that we o ¥ Tevaton  LHC 3%
measure/understand SM F /””H e
cross sections i o~ Eid

w F 70
+ detector and ok P
reconstruction algorithms L ouERs20) SO L X
operating properly 2wk ) | T
+ SM physics properly © W E e poen
understood ot g ER
+ SM backgrounds to BSM il / R
physics correctly taken S e th
into account o Fan . 150Ge) 1
® Will have program to measure 10° f,%{mﬁm - \ 10°
production of SM processes: 107 Bt e g

jets, W/Z (+jets), heavy flavor
during first year
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SM Predictions

Pavel Nadolsky, EFl1 Mini-Symposium, U. of Chicago, March 14, 2005

Strong interactions at LHC
Renormalization |

Asymptotic group invariance | Confinement

/ \ Parton

Hard scattering: Predictions for Soft scattering: distributions
penurbahve X—sections LHC observables onperturbative input (PDFs)
Comparison Fragmentation ]
N)NLO radiative -
[ { }mrrectmns Factorization ‘ functions

— ) Glnbal
l rtsr?abtll'“wg Proof for mdmdual
perturbation theory B o Power—
,- suppressed
contributions

[ Resummaﬁnns

Combined with Multi-scale
electroweak regimes
corrections Other experiments:
HERA, Tevatron
‘ F;:LWLQEET ] Parton showering fixed :tareget o
P models :

Charm and bottom
mass effects

DGLAP? BFKL?
safuration?...
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CIVIS Scattering at the LHC

® EXxperience at the LHC parton kinematics
Tevatron is very useful, T T T
but scattering at the LHC o | O=
IS not necessarily just :
“rescaled” scattering at _
the Tevatron

M =10 TeV

M=1TeV

® Small typical momentum -
fractions x in many key S L e
searches =]

+ dominance of gluon and
sea quark scattering

+ large phase space for
gluon emission

+ intensive QCD
backgrounds
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miﬂ Uncertainties on SM cross sections

® Perturbative calculations
have a realistic
normalization only at
NLO

® Parton-level calculations

have been performed for

all 2->2 and some 2->3

processes

+ state of the art is W/Z+2
jets

o W/Z+3 jets perhaps in 2
years

A problems with multi-leg
virtual integrations

A many loop integrals

A €Nnormous expressions,
large numerical
cancellations

® See
www.cedar.ac.uk/
hepcode/ for
collection of NLO
codes, such as

AYLEN/EMILIA (de Florian et.al.): pp — (W, Z) + (W, Z,~)
DIPHOX (Aurenche et.al.): pp — ~73, vy, v 'p — ~vJ

HQQB (Dawson et.al.): pp — ttH, bbH

MCFM (Campbell, Ellis): pp — (W, Z) + (0, 1,2) §, (W, Z) + bb
NLOJET++ (Nagy): pp — (2,3) 4. ep — (3,4)j, v*'p — (2.3) j
VBFNLO (Figy et.al.): pp — (W, Z,H) + 2
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ms NLO vs LO predictions

LO->NLO may not be just a K-factor

Don’t rely just on LO predictions J. Campbell, J. Huston; hep-ph/0405276

4+
T T | T T I T T | T T | T
| ;‘ E!CII Ga‘-! . :JEEI E‘T“ElﬂﬂL{IH] b "*2' | t Lo u=E0 GeV, =082 CTEQELI{ML WL incl ¥Wbb W+2j S
oA R ' ' - — v T * i
| et cuts 1B GeV, [yl Wkt 85 det cule p216 GV, fyl<2, :J: :bb-’_;ﬂi
o ol NLO exol Whb/W+2]_
- ' Dashed L0, selid NLO incl. 7 - —
& 25\ =
E . | | i
= a0 - -4 & i P
ﬁ L Y I L |—| ]
3 £ : —
S 5 i i | I Lo
= - ‘3 ‘v T e
mdt- Ty
B -
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Hy [Ga¥]

Figure 12 The Hyp dstributions for 11"-'J-Fllf,|] aml W3 300 ], normalized to the sume area,

Wbb and Wj) have similar H; distribution at LO; different at NLO
Consequence: H; not used in fitting for heavy flavor fraction in
top searches in W + jets channel at CDF
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CMS

The much-maligned wish-list

» 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 Carlo Workshop, April 2001

Single boson  Diboson Triboson Heavy flavour
W+ < 5j WW + < 5j WWW + < 3j th+ < 3j
W+bb+<3j] WWHbb+<3] WWW4+bb+<3j tH+~v+<2j
WHece+<3] WWHee+<3j] WWWH4+<3] H+W+<2j
Z + <55 ZZ + <5j Zyy 4+ <35 T+ Z 4+ <25
Z4+bb+<3j ZZ+bb+<3] WZZ+<3j tt+ H 4+ < 2j
Z4+cE+<3] ZZ+ct+<3) ZZZ+<3j th+ < 25
v+ < 5j vy 4+ < 55 bh+ < 3)
v+ <35 oy +bb+<35
Y+ eE+<3] v+ eE+<3j

WZ + <55

WZ + bb+ < 3j

WZ+cc+<3;

W4+ <35

L+ < 3j
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CMS NNLO

® A few cross sections

have been calculated to ]
NNLO - -
« inclusive W/Z é‘
o W/Z/Higgs rapidity £ : g, _
« inclusive jet perhaps still 2 - o < x < 118 Get i
yearS Off ! :fsn: §n:n2l[:.ﬂﬁ lurni. error X ]
.. N P P R Y B 1 -
® Often effect is just a K- I
factor o
+ but needed for precision R e ]
physics such as with W/Z 3
%: _
.‘!E mo|— va = 14 Ta¥ —
M = My
M S
M : :

Y J05



QJS NNLO essential for Higgs

#® The dominant production mode is gluon fusion through a top quark loop:

;j}h___ :_§

Large scale dependence at NLO; K = 100%!

v

# NNLO corrections studied by several groups (Harlander, Kilgore; Anastasiou, Melnikov;
Ravindran et.al.)

pp =+ H+X Cross seclion sl LHC
o I I I

R Niisi; ok = e 20% scale dependence at NNLO

My/2 < g pp < BMg

B o NNLO corrections are ~ 30%

£ e E —- series appears convergent
= i
: R ¢ Frank Petriello; talk at Enrico Fermi Institute
i SR .
- naasios & Melnikee ‘-i‘i.‘:ﬁ Symposulm
i T | 1 1
L=+ 150 2 254 e

Les Houches 2005



oS

pdf uncertainties only make
sense at NLO (or higher)
since this is the first order at
which the normalization is
believable

In most kinematic regions of
interest at the LHC, pdf
uncertainties are small

+ one exception is high E;
jet production

I've heard people say that the
LHC will spend its first year
measuring pdf's

Measuring pdf’s is precision
physics
The LHC will spend its first

year being constrained by
pdf’s

Fractional Uncertainty

PDF uncertainties

Luminosity function at LHC
0.2 =
0.1} @
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|
102

200 500 103

v8 (GeV)
®NLO predictions for LHC under
good control if NLO formalism is
adequate for LHC

50
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CMLS  validity of NLO DGLAP

® |s there a tension between HERA A e e — :

and Tevatron data requiring bcTea 4 ((;3,332 Elrrlﬁy?red) W@ LHC

NNLO DGLAP to resolve? o et ;

P MRST StUdy: hep_ :g 20 ;iiﬁ:}’*i::!::]&:ﬁ:ﬁﬁ:ﬁ:ﬁﬁ:;’i‘::ﬁ:::::ﬁ;
ph/0308087 = b . 1120%

+ Wcross section at LHC drops | ¢ :

20% when data below x=.005 ° | e 4

are removed from fit L x,=0 00002 0001 00025 0005 001 i

14

+ implications for use of W ¢ as

luminosity benchmark B AR AR A DA B A A
= ,
® Recent CTEQ study indicates as Los =1 ——
more severe cuts are made in x \ F intermediate ,f’
. . Lod— —
and Q2 in global analysis, g |
uncertainty on W cross section at “__‘;,E s~ -
the LHC increases but central R ‘
. . 12— " —
value remains relatively constant [ strong
Lo fCuts - g
l.ﬂﬂ:' L1 1 | | | | I:I Jr Ial—'l-'ll’l“l 1 | 11 | I:
17 18 19 20 21 22 23

O (LHE) ies 2005



\
mﬁ“b Negative gluon

. . 24
® |ower cross section in MRST QATREST o (- glluon prelfered) W@ LHC
study results from pinched 2 £ TFY X iton showed) -
rapidity distribution caused by  _ ENL°+, ,,,,,,,, o X :
) ) 20F  +y o ey g ]
|mpact of negatlve gluon = x *
= - o g
ldmrr T 7 T I T | p— m m 18 :_ B
- . = [
- Q = 3.16 GeV gluon . © 16 _ Y ° _
I [ x,=0 00002 0001 00025 0005 001 )
12 A\ i 14— ]
RO | ] "~ MRST-NO 1
- I 1 pin I - . LHC |
o i i1 - efault 1
ST T O i _-
s L ill 2
Gl il E
= Ra i £
L ,' |I - mz 2+
mrst2002 g.a ‘ l il z [
| |
| LT
B mrst2003c i =Rt
0.d I:||| |'|:|_a | ] ] | ] ] ] ll SN
18718710 01 02 i1 i d = 4 4 65 £ 7881
- I
0
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CMS NLO stability

® CTEQ conclusion: if negative B e Precident telle me he
gluon allowed, then uncertainty of § oot P
o,y increases (dramatically for | ' |
severe cuts), but again central
value remains constant

® No advantage found in fit of
allowing negative gluon

rE HIGGS BOSON

1-{}5 _lII LI | LI | J1 T
[ f
- !
[ ! ]
105 — )
| !
Co : . { 1
Loal— intermediate | ]
I ]
:*_g | cuts / . hep—ph/ 05020 80
a - ) ! . MSU-HEP-5
mh?: 1.3 — Y ! ] February 3, 2005 CTEG-S
. 4 /
e y !
- \
1.02 — 3 — o . L
A \ Stability of NLO Global Analysis and Implications for
- 4 i ‘olli rsi
[ strong Hadron Collider Physics
1.0 — \ —
K [ cuts \ ]
r \‘\ a7 ] J. Huston, J. Pumplin, D Stump, W.K. Tung
l.ﬂucT_'l‘l—1-J4 L1 | i -T‘T‘l'-lr]-l L1l | L1l
17 1B 19 20 21 22 23
O _(LHE) IMichigan Siate University, E. Lan=sing, MI 45524
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M Using pdf uncertainties

® PDF uncertainties are important ® Using the interface is as

both for precision measurements -
(W/Z cross sections) as well as easy as using PDFLIB

for studies of potential new (and much easier to
physics (a |a jet cross sections at update)
high E;) ® call InitiPDFset(name)
® Most Monte Carlo/matrix element
programs have “central” pdf's + called once at the
built in, or can easily interface to beginning of the code;
PDFLIB name is the file name of
® Determining the pdf uncertainty external PDF file that
for a particular cross defines PDF set

section/distribution might require @ call InitPDF(mem)

th of many pdf ifies indivi
© use ot many pdr's + mem specifies individual

® ->LHAPDF
member of pdf set

+ areplacement for PDFLIB as
the source for up-to-date ® call evolvePDF(x,Q,f)
pdf's + returns pdf momentum

+ originated by Walter Giele; densities for flavor f at
now maintained by Mike momentum fraction x and
Whalley of Durham scale Q

In new version, all error pdf’s can be kept in memory at same time.
PDF uncertainty for any cross section can be calculated by, weighis



ms PDF weight technique with parton showers

® An error may be introduced when
using this technique with parton
shower Monte Carlos

® The backward evolution in the
initial state depends not only on
the value of the pdf at a specific
x and Q2 value but also the slope
of the pdf in going to higher x and
lower Q2

® [n ISR, parton evolves backwards
towards higher x and lower Q?

® Backwards evolution Sudakov
factors are weighted by the ratio
of pdf's

® Sothe larger a pdfis at higher x
and lower Q2, the larger is the
probability of a gluon emission
having occurred

This technique has correct Sudakov
only for CTEQ®6, not for error pdf’s.

0.4/0.34 » 0.25
A —f T T '5.
’- -=:|. ] LI #..-:I. ’I
B % §%

1

]
0.4 for g;
0.34 for q -

&£

=% (.25 on
= average

¥

to | .tl g

At the Tevatron, for top production, quarks
start at about x=0.34 at Q, and end at x=0.25
at Q2=10* GeVZ;

gluons start higher at x=0.4
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(.l‘/l}) Uncertainties on Sudakov form factors

22 Dec 2004

arXiv:hep-ph/0412342 v|

Uncertainties of Sudakov form factors

Stefan Gieseke
Institut fiir Theoretisahe Physik
Ureergtad Korlimuhe, 768135 Karlaruke, G'emn:ny
gissekefparticle suni-karlsrube.ds

ApsTRacT: We study the uncertainties of Budakov form factors as the basis for
parton shower evohition in Monte Carlo event generators. We discuss the particular
cases of systematic uncertainties of parton distribution functionz and seale wneer-
Gainties.

Kevworps: Quantum Chromedynamies, Monte Carlo Event Genarator, Parton
Shower, Parton Distribution Functions.

Consider only single branching b — ac:

Sudakov decomposition ¢; = a;p + in + g ;. Basis (p,n)|| proton direction.
reconstructed from

Qi—1 qli-1 —PLi
0 = —, qi=———.
z A

Pi,- =(1- L’:‘)zﬁf - L’:‘Qg :

(g closely related to parton shower cutoff.

Les Houches 2005
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(.l‘/l}) Uncertainties on Sudakov form factors

Probability that a quark at x=0.2 will not emit Gluons like to radiate more than quarks;

a gluon of greater than 10 GeV when probability is only 60% for a gluon of x=0.2
evolving backwards from 250 GeV Herwig++ spacelike = g9
Herwig++ spacelike ¢ — qg 1.2 | | | |
1 08 |
so there’san _deéfu_—_ i 0.6 L mmm==
80% chance 06 - 7 04 - pdf uncertainy << o, uncertainty 7
for a quark 04 - width of green band is pdf uncertainty 0.2 - Qg = 10 GeV, fmax — 250 GeV, = = 0.2 ~
£ x=0.2 0.2 - Qg = 10 GeV, fmax = 250 GeV, = = 0.2 7 0.002 | —
Oof X=U. 0.0014 | } I I 0.0018 - — . MRST2001E —_
to evolve ———— MRST2001E ' ——
0.0012 - S T as(Q/2) ——— ~ 0.0016 - /7 o 0s(2Q) —
backwards 0.001 L 0.0014 - -
from 250 0.0012 .
GeV to 0.0008 - 0.001 _
0.0006 -
without 9094 r
! 0.0004 | | ~
emitting a  0.0002 - i 0.0002 - 2
gluon of 0 ——i | — : 1 0 —H I — |
O int4pd - 2 [ itk pf ]
more than 13_4 [ ————— /] 13_4 - W_____——-::Lij_ﬂt:__‘_‘
10 GGV 10-6 [ L | | | i 10-6 B | | | | ]
0 50 100 150 200 250 0 50 100 150 200 250
G/ GeV §/GeV

PDF uncertainty band (MRST2001E) is very small; pdf weighting technique works.
Les Houches 2005
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® For best (LO) predictions at the
LHC, often want to combine
matrix element and parton
shower predictions
+ matrix elements can describe

configurations with hard jets
better

+ with parton shower programs,
you include the effects of multiple
gluon radiation and hadronization

® ...but need to control size of
unwelcome logs when interfacing
ME and PS

® mim and CKKW approaches exist
for controlling logs

® Both approaches describe

Tevatron W/Z + jets data well
+ hopefully comparisons soo/

hep-ph/0312274 . ‘s

® Steve Mrenna and Peter
Richardson have studied
systematic errors for these
techniques

Matrix element and parton shower
predictions

The problem of Leading-log-order double counting

P4
PrN isof O(ay)  PI
P relative to P
3 the LO i
P2 process il

P2 instead gives a
o contribution to O3jet of

order
2
(p,+ py) pr 1
a log™—= = a [log T;Dm + logﬁ ~O(1)
T jet Py
Jei

2

configuration is already
generated by showering:

A P
Double counting, since this ;Uﬁ/ //
I
2

L

..1;_,'— T w.mmn_
E"‘E. R TR
'.__|. IIIIII
2 Rial/sda)
i“__' A AR R | T \
: K4/l _
B T E A B

Iy Chuarter (e

Fignee 2% Similsr e Fig, 18 hoe corpasing the distrizuticas fom HE B and FY s

g
tha pendn shomer percacire, HERWIG neng the WAL proosd s, and HERWIE azng m.h 2005
CREW prosedors for o mseshiag ok of 18 GV :nes



'(,MLD WW fusion: the Zeppenfeld plots

® Some of the primary ® Several different decay

search modes for a modes _‘;)Ir Higgs
Higgs discovery at accessible
the LHC proceed ® Two key features of VBF
roduction:
through the WW P
_ + presence of forward-
fusion process backward tagging jets
q tag jet 1 with large rapidity
separation
+ suppression of gluon
H radiation in central rapidity

region between the jets
due to color singlet
tag jet 2 exchange

Les Houches 2005



VLS Backgrounds

® There are sizeable ® At the Tevatron,
backgrounds to this Higgs production not
production process accessible through
due to W + 2 jets/top this process, but we
production can try to understand

® See, for example, level of background
talk of Dieter + and in particular effect

of a central jet veto

Zeppenfeld in first
meeting of TeV4LHC

Les Houches 2005



CMS

Background studies

® For W+>= 2 jets at the
Tevatron

+ look at |n,-n,| as a function of

p_l_min

+ compare to MCFM, LO and
NLO;
ALPGEN/MADGRAPH+

Herwig/Pythia (mIim matching

and CKKW)
a CKKW generated by Steve
Mrenna using
Madgraph+Pythia
® For W+>=3 jets
+ m3* distribution as a function
of p;™" and [n,-my|
A M3*=Ng-(ng+ny)/2
+ 3 jet fraction as a function of
p_l_jet3

Dieter Zeppenfeld; talk at TeV4LHC

E x pe:'tEoL [LU) cross sections -'.IH' 2,3 je‘l‘s "

Wt Iﬂf ullvll‘.‘l'-..on H B (W-b !-V,’l\’} |:v|. ttuo‘-l‘.i

Pr;y > IS GeV , Ip; 1 ¢ 3

W+ 2 W+3 oy /0,
[p,=n,1>2 15 pl 3pb 19
'tu.a
Pr ">306ev
Mp=m,, 3-2-)#1# f.‘frln 4% 1.
Pr = Prj 4.2 pb 2.6 ph 62,
(p,=7,1>3 0.8 pb 0.3% pb 4.

¢ Mo MNP calcalation ,r,mn- W) avelable
- substantinl scale dependence

) 35;'{: #r-.::‘h'cn s Lnrar_
= Liced order re—r“l‘ut‘bn‘l'-'nn thery 1'n3a.”..'-.i¢i‘

Movre +eliable rr:l-.'c'i‘l'tn!p -;f‘dm fl—f'é‘i'ﬂ.

5kuwt—r Friarnms ?




CMS

More from Dieter’s talk

Get wnswers .’.Tbm W+ 22 ja.'f: Adatn

Pry,) FTJI{ Z 30 GeV ', -, | > 2...3

FTJ; as solt as pussible

# Fraction al_ events T,

24 vl

aokd i+ onml ja‘[‘i "-E Pr 2 Premw

with nal23..

. FTI'I"I-'I-“"- p],&}ll.nilntt Lp .rl-rn.

do

] Tv.pn'-lq"{:?' 'L's"l'-r-u'Lw{'-.'wL v,’. extrn Jl'{'j dy*
3
B}-’ }l?w mnr_ln_ Cawv. oL tEn_'E'rPL[ jt‘{ vt"&ﬂ

vedwce +the WJJ b acle arawni?
L. F{enst tell ws yowr jt““. deteectitm

o Frnn'u!.t ancorrected T

tuinitncfﬂ 2ewn

da /e

0.25

.1

0.05

0.3

0.2

S‘fm.vty L;{ E Richter-Was

QD Wyi events (@ Teyatron, Wamy

A
~

& phb
, 7 3jeks) & 13pb

Bo LE"‘?-{»na:’ Z, 7 2)ets )

Be L 1
.!_n'r p.ﬁ > 20 GeV

_1|a

_ W + 2 toggs + = 1 jets ?: =
T (p™ > 20 GeV, An > 2.0) —— ModCUP W3j + FYTHIA .25_ :?41;:_1
L™ > 20 Cev, gn1® 5.0) —— MadCUP W2j + EYTHIA
(P> 10 GeV, n < 2.0) . PYTHIA pn,r.“
}}’.1.3
W3y ME + PYTHIA
Note dip if 3rd
jet 1s from Pythia,
filled in 1f 3rd
jet from ME
— Wiy ME
TYYTHIA

LTO INuUuulIco £2Vvv



QJS More from Dieter

Rn.p\'nkf{-y P{;Effi':?n{‘fﬂn ﬂ.r. 3rd [5?-{-{1:5"[:) J‘t"[: (Le ME

Pr Prs VBF naturally has a

&?tnq: 7. 22 dip at y*=0

5[“;;._.I....I..,.I....I....Iﬁ..'j B T
- QCD W+3j 5= 146 :
400 - . =0 E
= i =) .
= = 20 4
. 300 . :
= Z 15 -
o N 4
200 :
° “ 10 -
100} 0.5 B
ok 0.0
}1_4 FI
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CMLS

® ook at n difference
between tagging jets

® Compare to Alpgen W +
2 partons) interfaced to
Herwig for additional
parton showering and to
CKKW sample
(generated with
Madgraph interfaced to
Pythia)

® 3 different E; cuts on
tagging jets

+ all jets defined using a
cone of 0.4

An of tag jet plots

E; of tag jets > 8 GeV/c

Delta eta between highest Et jets

-+
o500 <+—jet clustering

20001 4
1500
1000 +

500 :—

A+H 2p

—CKKW

Les Houches 2005
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CMLS An of tag jet plots

E; of tag jets > 15 GeV/c Er of tag jets >20 GeV/c
| Delta eta between highest Et jets | Delta eta between highest Et jets
1o00f ~—A+H 2p| soo —A+H 2p

" -
1000 +i++ — CKKW :Zz ‘ﬂ$ii — CKKW
s00 T :

: il 500/ i
- fl“l—F 400/ ‘Hl»
600 :i:# : 4
I 300F
400} i:F - +ﬂt
i + 200F H
200/ ++ - T
i ++ 1001 +
- ++ - Tt
0_||||||||||||||||||||||||||||||||||||||||||=7$¥:FT’:F¢ 0_||||||||||||||||||||||||||||||||||||||||-?T_Fr:*;:’:t=t=
0 05 1 15 2 25 3 35 4 4.5Eta5 0 05 1 15 2 25 3 35 4 45 5

Both A+H and CKKW seem to describe the data reasonably well.

Les Houches 2005



\
Cl‘/l& E- of tag jets > 8 GeV/c

® CKKW decomposition

__Delta eta between highest Et jets |__Delta eta between highest Et jets Bl o050
- —A+H 2p
B Op+1p+2p+3p
LT 900 O
25001 500 B op+1p+20
-+
+ 4 —CKKW .OF’”F’
20000t 700 op
- Ty 600
- -
1500 +:¢ 500
N e 400
1000} +o
- +, 300
B + .+
500 ~ - 200
- T 100
0 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII_T_|_T_|_?_
0 05 1 15 2 25 3 35 4 45 5 0
Eta 0 06 1 15 2 25 3 35 4 45 5

Les Houches 2005



VIS
CMLS E; of tag jets > 15 GeV/c

® CKKW decomposition

|__Delta eta between highest Et jets | Delta eta between highest Et jets | Il oo 020300

—A+H 2

1200 B + p 180 . 0p+1p+2p+3p

++ 160 .Op+1p+2p
1°°°__i + —CKKW | 140 Mo

i + op
800 + 120

i 100
600 fFi;i:

i :H; i 80
400 + 60

i *H

- 40
200 o

- e 20

O_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II=7$¥:F?’:F¢:

0 05 1 15 2 25 3 35 4 45 5 0

Eta 0 05 1 15 2 25 3 35 5
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t‘l
ML E. of tag jets > 20 GeV/c

® CKKW decomposition

__Delta eta between highest Et jets __Delta eta between highest Et jets Il o 102015040

800F —A+H 2p W
- 90

700% .Op+1p+2p
C 80

oot T 1 — CKKW W
E i 70 T

5000 i 60

400 ‘H, 50
5 * 40

300[ +$
- :F 30

2000 H:
| 3 2

100 ++Tc'= 10
0:||||||||||||||||||||||||||||||||||||||||-|'T_FV:*:F¢:F3= 0 =
0 05 1 15 2 25 3 35 4 45 5 0 05 1 15 2 25 3 35 4 45 5

For low E tagging jets, W + 0 p relatively important; 2 p required for
higher E; Les Houches 2005



l‘/lx) 2 jet/>= 2 jet ratio as function of

® Fraction of >= 2 jet Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c
events with only 2
jets _
® 3rd jet has cut at 8 “-5:—% B
GeV/c; 3 different 4 1+
cuts on tagging jets |

Delta eta between highest Et jets

| —A+H 2p
i  CKKW

0 05 1 15 2 25 3 35 4 45 5
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a
(VS Jet multiplicity

® 8 GeV/c tagging jets
(+central jet)

® All ) separations

Number of Jets
r A+H 2p
— _*_

12000~
B e

10000— —CKKW

8000

6000

4000 L

2000 —
D_IIII|IIII|IIII|IIII|IIII|IIIIIIII.....'T.#‘.....
0 1 2 3 4 5 6 7 8 9 10

Number of jets
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e\
Cl‘/lx) 2 jet/>= 2 jet ratio as function of

Tag jets > 15 GeV/c; 3rd jet > 8 GeV/c Tag jets > 20 GeV/c; 3rd jet > 8 GeV/c

__Delta eta between highest Et jets | | Delta eta between highest Et jets |
— :
0.35 —t—
- —t— 0.3
03t —— -
- 0.25[ —T
0.25 _'_
—t——— | 0.2 4’7
0.2 N
- 0.15]-
0.15 i
0.1 —A+H 2p 01 —A+H 2p
0_05:_ 0.05:—
i — CKKW : — CKKW
_IIII|IIII|IIII|IIII|IIII|IIII|IIII _||||||||||||||||||||||||||||
%05 195 2 25 3 3E T 45 3 % o.'s 1| 1.'5 2| 2.|5 3|* 35 4 45 5

A+H predicts too high a rate; CKKW agrees well with the data; rate 1s

flat with rapidity separation; note >= 3 jet fraction very high (~80%)
Les Houches 2005



a
(VS Jet multiplicity

® 15 GeV/c tagging jets (+ 8 GeV/c ©20 GeV/c tagging jets (+ 8 GeV/c
central jet) central jet)

® All n) separations ®All ) separations

_Number of Jets | Number of Jets

40001 —A+H 2P| 2400~ —A+H 2p
C = - ——
- 20001 -

3000 +CKKW 1800:— _‘_CKKW
: —— - +

250001 —— 1600:—
- —+ 14001 | —+—

2000~ 1200

1500:_ —— 10003—
- 800
- - e

10007 — 600 ——

500 —— 400 |
- — 2001 T
_IIII|II|||IIII|I|||||||||||||||||Im||||’7.7 : —— —_—
00' 1 2 3 4 5 6 7 8 9 10 0—|||||||||||||||||||||||||||||||||||||||-|—r'1—|—|||||

Number of jets 0 1 2 3 il 5 6 7 8 9 10

Number of jets
Les Houches 2005



0 e
(AVL) 2 jet/>= 2 jet ratio as function of

® 3rd Jet prObablllty Tag jets > 15 GeV/c; 3rd jet > 12 GeV/c
decreases Wlth Delta eta between highest Et jets
increasing 3rd jet E+ N
cut R
0.5
n.4f—
o.af—
—A+H 2p
0.1
: — CKKW
oCie bl Lo

0 05 1 15 2 25 3 35 4 45 5
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CMS The Zeppenfeld plots® %

*copyright
J. Huston
. EEO R 2004
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ML N, for An>1

® ook at T]S* Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c
dlStrlbUt|On (aS \ Zeppenfeld delta_eta 3 *
defined by Dieter in 2000 ~—A+H 3p
his talk) for 3 different —A+H 2p
tagging jetcutsand 1  CKKW
for 3 different tagging 1200
jet An cuts 100
800[
note peak for A+H 3p soof
...or dip for other 400" $i
distributions 200 ~
data has dip for low pp %545 5 g s
CKKW has Sudakov Eta_3_Star

suppression where ME does not
Les Houches 2005
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Cl‘/l\) N 3* for An>1

Tag jets > 15 GeV/c; 3rd jet > 8 GeV/c Tag jets > 20 GeV/c; 3rd jet > 8 GeV/c
g Z feld delta_eta 3_*
| Ze{:npenfeld delta eta 3 — A+H 3[3 | eiﬁpen eld delta_ela — A+H 3p
20001 —+ 1800 —+
3 —A+H 2p : L —A+H2p
1800 $ + 1600 1
1600/ + %: — CKKW | 1400C — |- CKKW
1400 + EF 12001 1
1200 —+ 1000E
10000 + f*f - 1
800 :&: S00F 1
- e 600
600 $ - —+
4000 i + a0l
2000 = e 2000 -
Oéﬁ#llllIIII|IIII|IIII|IIII|IIII|IIII|||||H"’= O;F&_'_‘fllllll|IIII|IIII|IIII|IIII|||||||I|%
5 4 3 2 1 0 1 2 3 4 5 4 3 2 1 0 1 2 3 4
Eta_3_Star Eta_3_Star

Dip fills in as tag jet E increases
Les Houches 2005
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Cl‘/l\) N 3* for An>2

® | ook at 1’]3* Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c
d|Str|bUt|On (aS | Zeppenfeld delta_eta 3 _* A+H 3
: : : — A+
defined by Dieter in : i P
his talk) for 3 different 100 =+ —A+H 2p
tagging jetcutsand i T AT CKKw
for 3 different tagging : T
jet AT] CUtS 600/;7:/'
now dip is very 400:_ —+—+ =
noticeable I T ~+
200 4
L —— —+—
g_..F:’:n..l||..||.||.||..||..|.|....||ft.::::
5 4 3 2 4 0 1 2 3 4
Eta_3 Star
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>l I fl-l!
'(,MLD n;* for An>2: CKKW decomposition

Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c

| 5E::,ppenfeld delta_eta 3_* I o-- 1o-20-30040 | Zeppenfeld delta_eta 3 * —A+H 3p
i i —+
- 1000 ~++ —A+H 2p
400 i _I, T -
I - + T 1T  |—CKKW
i, 800 :‘:
300 - :t 1
! 600 -+
200 i i e
400 4 1T
- i —+
100 - —+
i 200 —+ +
i - —+
B —
0_" 0_'%"“""""' Lo | ||Et|:|:rq.:
-5 5 4 3 2 4 0 1 2 3 4

Eta 3 Star
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CIVIS N, for An>2

Tag jets > 15 GeV/c; 3rd jet > 8 GeV/c  Tag jets > 20 GeV/c; 3rd jet > 8 GeV/c

| Zeppenfeld delta_eta_3_* | | Zeppenfeld delta_eta_3_* |

—A+H 3p —A+H 3p
800/
7002— %% $

600~
~A+H2p[ _F %: % —A+H 2p

e
o0 Jr% ~OKKW | - . _% ~ CKKW
5002— h -+ i f + i

400/ 300~ -

- 100
1005 S i

0E =TT ot =¥F:F|||||||;‘Eag
2 3 4

|
-5 4 3 -2 A1 0 1 2 3 4 5 4 3 -2 - 0 1
Eta 3 Star Eta 3 Star

T L
200; i—k %i 2005— %$ i
i -+ —+
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CIVIS N, for An>2

Tag jets > 15 GeV/c; 3rd jet > 12 GeV/c

Zeppenfeld delta_eta 3 *
—A+H 3p
9001 L
: —A+H 2p
800
700 T —— | —CKKW
6001 BB
500
400[
300[ T —
C ——
200
1000 ——
- $ .
O_""'|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII'T*T
5 4 3 -2 1 0 1 2 3 4 5
Eta_3 Star
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Cl\/_[!_) N 3* for An) >3

® Look at n3* Tag jets > 8 GeV/c; 3rd jet > 8 GeV/c
diStribUtion (aS Zeppenfeld delta_eta 3 * A H 3
defined by Dieterin = gof m el
his talk) for 3 different o =" | ~A+H2p
tagging jet cuts and : T T CKKW
for 3 different tagging **°;
jet An cuts wob
2005- T B
100:—
I —— —+—
- I__I | I | | | IZ*:I
(-)SHH-4lm-3ml-2lm-1lll|0HH1HH2HH3HH4HH5
Eta_3_Star
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Cl\/IS n;~ for An>3

Tag jets > 15 GeV/c; 3rd jet > 8 GeV/c Tag jets > 20 GeV/c; 3rd jet > 8 GeV/c
| Zeppenfeld delta_eta_3_*

— A+H 3p| |_Zeppenfeld delta_eta 3 * |
: P —A+H 3p
- | i
400 1 A - '
- _ —A+H 2 B -
- == P 250 4= —A+H 2p
350/ — | C - T
- KKW h 1T 1
3000 —— 2000 - == CKKW
250 B
200F 8 + 150/ i
150 | —+— 1001 1T 1
1000 -
s0f 50
S L B
0_||||||||||||||||||||||||||||||||||||||||||||||||| 0: |="=| | | | | | I:Y:|
5 4 3 2 1 0 1 2 E?a 34Star5 5 4 3 2 1 0 1 2 3 4 5
—= Eta_3_Star
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CMS N, for An>3

® Right now working hard Tag jets > 15 GeV/c; 3rd jet > 12 GeV/c
on blessing data so

\ Zeppenfeld delta_eta 3 *
comparisons of data to s00F ek
all plots shown on ol | T —A+H2p
previous pages can be ook L okkw
made public :

® This summer =
® Also working with Steve
Mrenna and John ol ——
Campbell on validation of T
CKKW results using 3
MCFM T

Eta 3 Star

200

150

¢ paper this summer

Les Houches 2005
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CML> MCatNLO

® |deally, want NLO
normalization and kinematics e ]
while retaining the effects of e '
multiple gluon radiation and
hadronization

Jolid: MCENLO 1
Dazhed: Herwig it
Dotted: NLO '

-

[
=
I

® Many papers written on the 5 :
subject S
® MCatNLO (Frixione/Webber) ot | 5 -
is only program in use by N e
experimenters 073 - T
® Working model has new g3/ GV
collaborators coming in to e Smoothly matches soft/collinear (MC)
work on favorite process and hard (NLO) regions
¢ Elr:)%tgteigl?n. single top  Available for o |
+ Vittorio del Duca: WH and pp— W, 2, H,~*,bb, tt, WW, 22, W2
WW fusion to Higgs first session of Les Houches 2005
+ Bill Kilgore and Steve Ellis: will concentrate on adding processes
inclusive jet production to MCatNLO

Les Houches 2005



M5

® Effects of soft gluon radiation in
the initial state result in non-zero
p; distributions for the final state

Can describe by DGLAP
resummation formalism (accurate
to as much to NNLL) or by parton
showers (almost NLL for the case
of Herwig)

Higgs production is a great
testbed for effects of soft gluon
radiation

+ gg initial state

+ lots of phase space for gluon
radiation

Shapes agree fairly well
(resummation has NLO or NNLO
normalization) but Pythia 6.2
peaks a bit lower

¢ p;ordered shower in Pythia
6.3 in better agreement with
resummation predictions

d i ; (pbGev)

dakip, | pbiGev)
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...a study from Les Houches 2003
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CMLS

® p.-ordered shower in
Pythia 6.3 leads to more

robust predictions
® Parton shower agrees L e em
with ME predictions for t-
tbar + 1/ 2 jets3"

plots produced by

Peter Skands

gmq
&
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10
=

10

pr-ordered shower in Pythia 6.3

tibar production: rates and pr spectra. (Tevatron)
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l\/l\) What if DGLAP factorization doesn’t work

Pavel Nadolsky at Enrico Fermi symposium

, EFl Mini-Symposium, U. of Chicago, March 14, 200!

Physics behind DGLAP factorization (cartoon)

Proton

H
;D—F'
@ T %BB: i
i
\%‘% s 1
Nocp < kir < <k3p < Kip
. STAREN A

Probed parton is highly boosted throughout all evolution
Soft and collinear radiation
O dominates parton evolution
O factorizes from the hard scattering
3 is “collimated” (“k7-ordered”)
Angular distributions are described in a b-space resummation formalism

(Collins, Soper, Sterman, 1985)

The ultimate energy loss scenario (BFKL)

) = E = )
Proton B> > 2 > B

No k7 ordering

O The probed parton loses practically all energy through radiation

O The radiated partons do not have to be kp-ordered

O Essential signature: broad angular distributions of the radiated hadrons

As z decreases, kp-unordered dynamics may turn on faster in ¢p distribu-
tions than in inclusive cross sections

Compare a5(Q) In™(1/2z) and a5(1/b) In™(1/x)

Les Houches 2005



('l\/_[S DGLAP resummation doesn’t seem to work for
o SIDIS at HERA

qr dependence of energy flow at small «

Dag:a from H1 Collaboration Resummed Ep-flow: CTEQ5M1
' | PDFs,

nT 1—'3
SEy = 62{0ﬂ13( z)

o
X

o

T

0.191 ( Q )
T 019N {5 Gy

Possible interpretation:

rapid increase of “intrinsic” k7 when =
decreases (first signs of
kp-unordered radiation???)

No mechanism for such increase in
the O(ay) part of the CSS formula

1) dE Aoy, Geb™' (1 /o) dEfdo, G (1,/0] dF,fdgp, Gev™

13.1 < (Q?) < 70.2 GeV?,
8x10° < (z) < 7x1073

P(z,b) = (C® ) (x, b*)e_*ﬂ(m)bz,
Can be parametrized as .
P p(x) 0.013 atz < 1072

R

T
hes 2005



davdey [nbiGeV]

2l Nadolsky, EF1 Mini-Symposium, L. of Chicago, March 14, 2005

Small-x effects at the LHC: visible even in the central region!

pp — X (s = 14 TeV)

Mo small-x broadening
----—-- With small-x broadening

i ]
5 10 15 0 25 30 35
qr [GeV]

29 production (x|, ~ 0.007)

Drastic differences

daidg, [phev)

SM Higgs boson production Effects

m — H°X (5 =14TeW)

L2 preerprre e
1| — pm)=0
------- p(r)=0
0s | IIf —— PR =0, S CyC
N 2p(E) 20, S5 C,/CH
06
04
oo [| CTEQsMI, ally
i My = 120 GeV
o b e b e e e L

1 1
a 10 20 30 40 50 ] 70

less pronounced due to (a) harder g
spectrum and (b) narrower rapidity
distribution

Broadening increases in magnitude as y grows

Les Houches 2005



t‘l
miﬂ ATEAS Les Houches benchmark studies

® Simulate events for some crucial Standard Model cross
sections

+ for 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? Is our calorimeters correctly
calibrated?

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

A how many of the signs of new physics that we observe can we
believe?

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

+ venues for understanding some of the subtleties of physics
Issues
Updates/progress will appear on www.pa.msu.edu/~huston/Les_Houches_2005/
Les Houches SM.html
Les Houches 2005



CMS

Benchmark processes

® |[nclusive jet cross section

+ do/dpdy
¢ Ay:0-11-2,2-3

¢ p{™">180 GeV/c, 500 Gevl/c,
1000 GeV/c, 1400 GeV/c to
generate full spectrum

® Differential dijet production
¢ do/dpr,d, dppdy,

+ same events as above,
different binning

® W/Z/Drell-Yan production
+ do/dy

* Arp
¢ WW,Wy(y)

e W/IZ+ jets
® Single photon production
+ do/dpdy
® Underlying event
+ effects on above analyses

® Events will be produced with

Pythia/Herwig using CTEQ6.1
pdf's
+ and some of error pdf's such as
29 and 31

+ If enough computing resources,
will generate using more error
pdf's

Resulting cross sections will be
weighted by a bin-by-bin NLO K-
factor before being used as
pseudo-experimental datasets in
the CTEQ fitting package

Most cross sections will be
dominated by systematic errors
and not statistical errors
+ some fraction of events need to
go through full event simulation in
order to understand
+ need to talk with jet group to fully

understand correlated systematic
errors

...essentially the same as the program that Samir has outlined in the
morning; other suggestions/volunteers

Les Houches 2005



g o .
miﬂ Example: Inclusive jet cross section

® Current range of uncertainty see hep-ph/0303013

for predictions for ATLAS
2B Oyl 2
10 3
1 1. q:
s b nsk
OO0 2000 3000 2000 000 2000 3000 4000

i

dirfdp. [nbfGel |

sk

IO 200 30000 2000
T
FIZ. 81: The uncertomty range of the meclusive 2t croas section at the LHC. The curves are
graphs of the rotics of the ercas sections for the 40 gigenvector hasis ssts compared to the centrl
(CTEQe 1) prediction [ordinabe) versus pr in GeV {ordinate].

-

o seasw Will Run 1l Tevatron jet data be enough to
reduce uncertainty? TeV4LHC exercise
FIG. 30: The inclasive jet crosm section s o hmetion of pr for theee mpidity bima ot the LEC.  \\/h gt Will pdf uncertainties look like at the
i ey en A A B, Bt o[ § = end of HERA? Related HERALHC exercise

Les Houches 2005

are superimposed.



CMS QCD # SM

® In a recent paper (hep- & = (MO-10)/10
ph/0503152), Stefano Moretti w0 R e v - oo oo o, e,
and Douglas Ross have ' dustied '8 = E000 Ge (10), ETERLL ]
shown large 1-loop weak

corrections to the inclusive jet i | | e _%
cross section at the Tevatron | =
1=
® Up to 20% effect at the
Tevatron
¢ impact on pdf's and high x
gluon? | |
® Effect goes as R
axlo 2(E 2/M 2) FIGG. 1. The effects of the O{azow) corrections relative to
W 9 T Z the LO results for the case of Bun 1{Run 2) in the presence

¢ May be Substantia”y |arger of PDFs preceding(following) the gluon re-parameterisation
at medium/large Bjorken x, CTEQ3L{CTEQGL1) [26]([21]).

for hlgh ET JetS at the LHC They are plotted as function of Er for a choice of p. The cut

® Other (unsuspected) areas 0.1 <« |’-"j'| < (0.7 has been E-'IlfDI‘EE-d, al::ungside the standard jet
. cone requirement AR > 0.7.
where weak corrections are
important?

Les Houches 2005



(MS Some other studies currently on-going at ">
LHC and at Tevatron

® Hard scattering and hadronization
+ testing of matrix element-parton showering matching
Ao CKKW (nominally part of Sherpa)
A MLM
+ comparisons to NLO where available
A validation of matching
+ studies with MCatNLO

A and incorporation of inclusive jet production in MCatNLO, with
Steve Ellis and Bill Kilgore

+ testing new parton shower approaches
a Pythia 6.3 will give different predictions than earlier versions
+ underlying event tunes and model development
A is Tune A universal? Can Tune A be improved?
A can Jimmy be tuned to Tevatron? Can we get a better name for
Jimmy?
A extrapolations to LHC; can we provide a reasonable range?
+ hadronization corrections

Les Houches 2005



CMLS ZEUS pdf exercise

® Clare Gwenlan and
Mandy Cooper- 3
Sarkar
® Extrapolate ZEUS .

fitter uncertainties to
statistics of HERA I

® Datasets also can be
used with CTEQ fits?

X
Les Houches 2005
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WL ZEUS exercise
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e
miﬂ TeV4LHC

° I;E‘/eélle_nl_clgs:fnal ov/tev4lhc/ ® Next meeting will be
oacD ? at CERN April 28-30,

¢ WWWw.pa.msu.edu/~huston/ 2005

tev4lhc/wg.htm ®Fi _
IN
+ all of the issues | talked al meetmg at

about today are there Fermilab in the fall of
® TopEW 2005

+ www.hep.anl.gov/tait/tev4l
hc/topew.html

® Higgs

* WWW-
cluedO.fnal.gov/~iashvili/T
eV4LHC higgs/higgs.html

® | andscape

Les Houches 2005



W /1
(-l\/_[:s) You're all wondering, How can | enlist?

® Four listserver mailing groups have
been set up:

tev4lhc-gcd
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 |

listserv@fnal.gov

2. Leave the subject line blank OR H_S_AR."¥
3. Type "SUBSCRIBE MYLIST F ® L]

FIRSTNAME LASTNAME" T I_C
(without the quotation marks) in e

the body of your message.

Les Houches 2005
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Cl‘/lx) Appendix A:

This list can also be found at

www.pa.msu.edu/~huston/tev4lhc/wg.htm

Jet projects
1. inclusion of jet production in MC@NLO
2. jet algorithms at the Tevatron and LHC

-impact of negative towers: to remove or not to
remove, the DO experience

—-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 pT top

-understanding differences observed in jet

reconstruction between CDF and DO
environments

-reconstruct sample of MC events that
produce problems in the CDF environment

-utility of new algorithms such as JEF for final
state reconstruction

some TeV4LHC project

3. UE subtraction

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

—-impact of ISR on jets and jet predictions

-operation in high multiple interaction
environment

PDF projects
1. validity of NLO formalism/road to NNLO
2. benchmarks for NLO/NNLO fits
3. pdf uncertainties
-universal delta_chisquare
-pdf weighting; impact of Sudakov FF's
-embedding LHAPDF into programs
4. inclusion of Tevatron data in global fits
-"back-of-the-envelope" studies
-W+c
-gamma +b/c

-Z+b

5. W as a benchmark at both Tevatron and LHC

6. heavy flavor pdf's and their uncergaintigs,ches 2005



CMLS

ME/MC projects

1.

W + jets comparisons at the Tevatron-
>predictions for the LHC

-NLO->MCFM

-CKKW
-Mrenna
-Sherpa

-backgrounds to WW->H, the
"Zeppenfeld plots”

-jet shapes/comparisons to CKKW

parton shower/resummation
-predictions for tt, Higgs

-impact of new parton shower
algorithms

Projects, continued...

UE/hadronization projects

1.

UE tunes for Tevatron->predictions
for LHC

—~understanding color re-connections
and their apparent promiscuity

—-can we reproduce Tune A in the
more modern MC’s

-Pythia 6.3
—-Jimmy

hadronization corrections for NLO
processes

ISR/UE corrections->subtractions for
NLO

understanding high interaction
multiplicity environment

Les Houches 2005



