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Vector Bosons + jets are good signatures to test pQCD

® Heavy flavor production is sensitive to b, ¢ quark PDFs

Vector Bosons + jets events constitute backgrounds for SM Higgs
and New Physics (NP) searches

N(N)LO predictions not available for many processes of interest,
particularly those with large jet multiplicities and heavy flavor
components => data measurements crucial.

MC models are used extensively to simulate signal and
backgrounds, particularly for multijet topologies.

Tevatron dataset is now large enough and systematics are
constrained well enough to vet MC models.
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Backgrounds to

® SM Higgs and New
Physics share signatures
with irreducible VB + jets
backgrounds that are
currently being pinned : |
down. N - wzltE/]\lj)V:t;]:ts
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Interplay between ' s>
fragmentation models, _ T
tunes, PDFs and scale '
choices needs to be

understood to model
SM backgrounds
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Many Tevatron

o W/Z/y + light flavor jets

e W/Z/y + heavy flavor jets

q°
Runll measurements with associated luminosity

V=W.Z.Y
Result(1/fb)| D@ CDF In most cases:

W-tjets e 0.32 ® data are corrected to particle level

. ® particle level measurements are compared
/+jets 1.0 2.5
to NLO theory

® NLO theory is corrected to particle level
Z+b-jets | 0.18 20 using parton shower MC

W+c-jets 1.0

W-+b-jets -- 1.9

observable (particle level)
observable (parton level)

*NLO
Y+jets 1.0

Y+b/c jets 1.0

. e Detailed comparisons of MC models
in black = preliminary
in red = published to the data are also made
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DO Runll data col

Run Il Integrated Luminosity 19 April 2002 - 28 March 2010
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po resuts

e thorough studies of Z+jets

o /+b

® \\V+cC

® extensive Y+jets, Y+b/c

Anticipate updates to Z+b and W+jets very soon.

MC4LHC Readiness Workshop - March 31, 2010



/->PH + jet + X

+ Z provides colorless probe of collision and hard

4.,

scale; study kinematics of hadronic recoil

Z boson decay products (leptons) and jets
measured, calibrated

strict muon isolation cuts provide background free
data sample

corrections applied for acceptance, trigger losses

data unfolded to particle level

» accounts for detector resolution and efficiency

comparisons to predictions
» NLO pQCD via MCFM

e Pythia hadronization corrections applied
» LO ME-PS models - ALPGEN, SHERPA
» LO PS models - PYTHIA, HERWIG
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/->UU + jet + X -
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N
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Particle level phase space: theory predictions

65 GeV< My < 115 GeV, updated since publication < 1eof
DO midpoint Reone=0.5, pr¢t > 20 GeV :
B - 238, [y <1.7

muons include QED radiation

—
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Particle Jet p
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Sherpa 1.1.3 ol

—- Data == PYTHIA Tune P 60 -
— HERWIG+JIMMY = = PYTHIA Tune QW g

DZ, L=1.0 b
—-4-Data
== NLO pQCD + corr.

-+ SHERPA
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Measured Jet P, (GeV)
migration matrix

65 <M,,< 115 GeV, y'1<1.7 ' -> used to unfold data

Rone=0.5, P’ >20 GV, 1y"1 <2.8 | SHERPAscaleunc. Iarge o igra tions,
—— Data == ALP+PY Tune P . | | |
— ALP+HER - = ALP+PY Tune QW especially at low pr

MCFM v5.4 PDF: MSTW2008
M2 = Ui = prz2 + MZ?

PYTHIA v6.420
Pythia Tune P
Pythia Tune QW
SHERPA scale unc. ol SHERPA scale unc. HERWIG v6.510 + JIMMY v4.31

. - a— ALPGEN v2.13+PYTHIA v6.420

5IO — I100 _ 200 50 I1OO _
P (GeV) P (GeV)

ALPGEN v2.13+HERWIG v6.510
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| — Scale & PDF unc. — — Scale & PDF unc.

Ratio to SHERPA
Ratio to SHERPA




/->UU + jet + X -

Particle level phase space: theory predictions + NLO prediction with
65 GeV< Mpu < 115 GeV, updated since publication e
DO midpoint Reone=0.5, priet > 20 GeV Z p1<30 GeV sensitive to

lyiet| < 2.8, |yH| < 1.7 underlying event
muons include QED radiation + All LO predictions
underestimate data
—- Data == PYTHIA Tune P normalization

== HERWIG+JIMMY = = PYTHIA Tune QW ]
+ Pythia can be tuned to
reproduce data

ratios relative to
Sherpa 1.1.3

DY, L=1.0 fb’'
—4-Data
== NLO pQCD + corr.

- SHERPA

Ratio to SHERPA

1/0, x do,/dp_(1/GeV)

MCFM v5.4 PDF: MSTW2008
M2 = P2 = pr.22 + MZ?

:_ 65 < M,,< 115 GeV, Iyl <:1.7 | PYTHIA v6.420

"E Reone=0.5, 20 GeV, Iy*1<2.8 SHERPA scale unc. .
e y-'<---'- SRR Pythia Tune P

”_+I_Data II” T ”_I+I_I|I3Ialtla”I”II”III'"ALP+PYTunePI PythiaTune QW
HERWIG v6.510 + JIMMY v4.31

— NLO pQCD - -LOpQCD — ALP+HER = = ALP+PY Tune QW
. — Scale & PDF unc. — - Scale & PDF unc. i
ALPGEN v2.13+PYTHIA v6.420
ALPGEN v2.13+HERWIG v6.510

Ratio to SHERPA
Ratio to SHERPA

All cross sections normalized
) to inclusive Z production
SHERPA scale unc. ~ (b) 0.71 SHERPA scale unc.

e ] to reduce systematic errors
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pZ (GeV) pZ (GeV)
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/->ee + |el .

Particle level phase space:
65 GeV< Mee < 115 GeV,
DO midpoint Reone=0.5, pr/et> 20 GeV
it < 2.5, Incl in pr¥/|ye|

DO Run I, L=1.04 f'| —#= Data at particle level
=== MCFM NLO

Z/Y’ (—ee)+1jet+X]
65 <M, < 115GeV|
Incl. in p° / y°|

jet
Rcone =

- Data
w— MCFM NLO == MCFM LO
— Scale unc. —=— Scale unc.
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antiproton

normalized to
inclusive Z production

ratios relative to  MCFM v5.3 PDF: CTEQ6.6M
MCFM NLO M2 = P2 = pr.z2 + MZ2

-+ Data == PYTHIA SO
== HERWIG+JIMMY —-=Scale unc.
w PYTHIA QW PYTHIA v6.416

— Scale unc. pythia Tune SO

Pythia Tune QW

HERWIG v6.510
+JIMMY v4.31

—_
O
~

ALPGEN v2.13

= otEREA +PYTHIA v6.325
== ALPGEN+PYTHIA — Scale unc.

—— Scale unc. B e SHERPA v1.1.1

+ Large differences
between models

20 30 40 50 = e+ Small experimental
b (1%jet) [GeV]  errors
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/->ee + 2jets + X

Particle level phase space:  Djrect measurement of jet kinematics with large multiplicities
65 GeV< Mee < 115 GeV,

DO mldelnt Rcone:O.S, ijet> 20 GeV

Bt < 2.5, Incl in pre/]ye| ratios relative to MCFM v5.3 PDF: CTEQ6.6M

MCFM NLO M2 = P2 = pr,z2 + MZ?

DO Run II, L=1.04 fb | —#= Data at particle level =+ Data == PYTHIA SO

w—= MCFM NLO === HERWIG+JIMMY —-=Scale unc.
= PYTHIA v6.416

— Scale unc. Pythia Tune SO

Pythia Tune QW

HERWIG v6.510
+JIMMY v4.31

[1/GeV]
)
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—
Q
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Zly (—ee)+2jets + X||
65 < M,, < 115 GeV|
Incl. in p° / y¢|
T ;
jet

Reone = 0.5, | y*| < 2.5
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PEPTTE | T S ALPGEN v2.13
== MCFM NLO == MCFM LO == ALPGEN+PYTHIA — Scale unc. +PYTHIA v6.325

S thol g petony — = Scale unc. _ ~-aedle Une SHERPA v1.1.1

+ Large differences
between models

+ Small experimental
1 1 1 1 11 l

30 40 50 60 100 2(;0 30 40 50 60 100 260 errors’ domlnated by
p. (2™ jet) [GeV] pr (2" jet) [GeV]  statistics
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/->ee + 3jets + X

Particle level phase space:  Djrect measurement of jet kinematics with large multiplicities

65 GeV< Mee < 115 GeV,

DO mldelnt Rcone:O.S, ijet> 20 GeV

et < 2.5, Incl in pr¥/|ye|

DO Run I, L=1.04 fo'| —#= Data at particle level
== MCFM LO

[1/GeV]

O
’
/
/
/

~

\“l

[
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Zly (— ee)+ 3jets + X|| “\\
65 < M,, < 115 GeV| \\l
Incl. in p° / yfl
R = 0.5, | ¥ < 2.5|

[dp,(37 jet)

X
R
o
=l

| oz,'},' |

-+ Data
== MCFM LO
—=— Scale unc.

Ratio to MCFM LO

4 50 60
p, (3% jet) [GeV]

PLB 678, 45 (2009)

ratios relative to
MCFM LO

-+ Data =:= PYTHI|A SO

== HERWIG+JIMMY —-=Scale unc.
== PYTHIA QW
— Scale unc.

Ratio to MCFM LO

== SHERPA
== ALPGEN+PYTHIA  ~— Scale unc.
—— ASAc_a?lre unc.

Ratio to MCFM LO

p, (3" jet) [GeV]
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MCFM v5.3 PDF: CTEQ6.6M

M2 = Ui = pr22 + MZ?

PYTHIA v6.416
Pythia Tune SO
Pythia Tune QW
HERWIG v6.510
+JIMMY v4.31

ALPGEN v2.13
+PYTHIA v6.325
SHERPA v1.1.1

+ Large differences
between models

+ Small experimental
errors, dominated by
statistics
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/+jets - angul

® further constrains kinematics
® test of PS model assumptions

® first measurements at hadronic
C O I I i d e r Of Run 210879 Evt 24327122 Tue Oct 11 17:57:05 2005

® Ap(Z,leading jet)
® Ay(Z,leading jet)
® Vhoost = 1/2(yz+Vjet)

jetl
A, Ay

=Y/

jet2
rapidity y = 1/2 In(E+p./E-pz)
n = -In(tan®/2)

Bins: 120
Mean: 1.51
Rms: 3.79
Min: 0.0195
Max: 35.1

mu particle et: 58.85
mu particle et: 33.29
MET et: 34.69
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rapidity y = 1/2 In(E+p./E-pz

Z->uu -+ Jet —+ X - n = -In(tane/2)

Particle level phase space: theory predictions
65 GeV< My < 115 GeV, updated since publication ;
DO midpoint Reone=0.5, ijet> 20 GeV ratios relative to

il =2.8, |y <1.7 Sherpa v1.1.3

DY, L=1.0 fb
-4 Data
== NLO pQCD + corr.

=+ SHERPA

' (GeV)

- D@ Run Il

Particle yJ

—4— Data == PYTHIA Tune P
= HERWIG+JIMMY = = PYTHIA Tune QW

T

1/0, x doz+jet/dlyl
Ratio to SHERPA

- | - | I | -
1 2

Measured y*' (GeV)
migrations much

¢ o
o .

(o]
IIIIIIIIIIIIIII

[ 65<M,,<115GeV, lyl1<17 "7 i ot
C Roon=0.5, p >20 GeV, Iy*1<28 ' SHERPA scale unc. reduced in yJ
e o oy —_ N

P IS S AU ST S T

M .
—4— Data == ALP+PY Tune P
- ALP+HER = = ALP+PY Tune QW

—+— Data
- NLO pQCD = =LO pQCD

— Scale & PDF unc. — — Scale & PDF unc.

+ MCFM,Sherpa describe

ylet shape well

+ Alpgen+Pythia
predicts narrower
yletthan data

+ LO programs
underestimate data
normalization

Ratio to SHERPA
Ratio to SHERPA
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rapidity y = 1/2 In(E+p./E-pz

Z_>uu _|_ jet _|_ X . n = -In(tane/2)

Particle level phase space: theory predictions
65 GeV< My, < 115 GeV, updated since publication

I =28, |y"| <1.7 Sherpa v1.1.3 MCFM v5.4 PDF: MSTW2008
U = Ui = pr2° + MZ*

DJ, L=1.0 fb
—4-Data
== NLO pQCD + corr.

=+ SHERPA

—4- Data == PYTHIA Tune P
—— HERWIG+JIMMY = = PYTHIA Tune QW PYTHIA v6.420

Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510
+JIMMY v4.31

Ratio to SHERPA

E 65<M,,<115GeV, i<1.7
C Roone=0.5, P >20 GeV, Iy*1<28 ' SHERPA scale unc.
NP P P B BT B B B _+1_Dt1111AL|13PY1TP ALPGENV2,13
ata == ALP+ une
— ALP+HER = = ALP+PY Tune QW +PYTHIA v6.420
- ALPGEN v2.13
+HERWIG v6.510

CTEQ6.1M PDFs

—+— Data
- NLO pQCD = = LO pQCD

| — Scale & PDF unc. — — Scale & PDF unc.

Ratio to SHERPA
Ratio to SHERPA

+ Most predictions
SHERPA scale unc. SHERPA scale unc. descrlbe yZ Shape
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/->UU + jet + X ==

sensitive to additional QCD radiation

Z pt > 25 GeV

"y
o
T llllllll T 117

—
<
N

1/6, x dGZ+ict/dA¢ (1/rad)

-
Q
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D@, L=1.0 fb

-4 Data

== NLO pQCD + corr.
=+ SHERPA

R4
X .
K4
R4
4

—
Q
i N

.
¥;.v

65<M,<115 GeV

Iy < 1.7, pt > 25 GeV
Reone=0.5, P >20 GeV, |y*| <238
g Sl oo s tls o s s oo s o o loege oo o] o

First measurement
at a hadron collider!

MCFM v5.4 PDF: MSTW2008

ratios relative to
Sherpa v1.1.3

—4- Data

—]
04

's

== PYTHIA Tune P

- == HERWIG+JIMMY = =PYTHIA Tune QW

Ratio to SHERPA

(@)

-+ Data
L === NLO pQCD
— Scale & PDF unc. - - Scale & PDF unc.

i

Ratio to SHERPA

0.5F

T

/

SHERPA scale unc. ¢,

= = LO pQCD

L=
///
/
/ -
L4 7
e
7
sy 7
'I

SHERPA scale unc.

2 2 2 2 0 . . .
—4- Data

[ = ALP+HER

== ALP+PY Tune P
= = ALP+PY Tune QW

Ratio to SHERPA

0.5

1

d .

PRSI T T T

SHERPA scale unc.

P |

0 = 05 =
AO(Z, jet) (rad)

Phys. Lett. B 682,370 (2010), arXiv.org:0907.4286

T 15 2
Ad(Z, jet) (rad)
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M2 = Ui = prz2 + MZ?

PYTHIA v6.420
Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510
+JIMMY v4.31

ALPGEN v2.13
+PYTHIA v6.420
ALPGEN v2.13
+HERWIG v6.510
CTEQ6.1M PDFs

Small values of
AP(Z,jet) excluded
from MCFM due to
importance of non-
perturbative effects
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http://arxiv.org/abs/0907.4286
http://arxiv.org/abs/0907.4286

First measurement

Z‘>HIJ . Jet 13 X 3 at a hadron collider!

MCFM v5.4 PDF: MSTW2008

ratios relative to
M = Ue? = prz2 + MZ?

Z p1 > 45 GeV Sherpa v1.1.3

-4 Data == PYTHIA Tune P
- == HERWIG+JIMMY = =PYTHIA Tune QW

PYTHIA v6.420
Pythia Tune P
(pr ordered shower)
- 1 Pythia Tune QW
(Q? ordered shower)
! HERWIG v6.510
@) i +JIMMY v4.31

D@, L=1.0 fb”
- Data
== NLO pQCD + corr.

=: SHERPA

-
e

Ratio to SHERPA

1/6, % do, /dAG (1/rad)
= &

—A
Q
oS

- 65 < M, < 115 GeV

1y < 1.7, p2> 45 GeV sk

Reono=0.5, P >20 GeV, Y| <28 | SHERPA scale unc.
SR KNS BN ERE RN RN [ A C e

ALPGEN v2.13
+PYTHIA v6.420
|+ Data =**ALP+PY Tune P +HERWIG v6.510

- ALP+HER = = ALP+PY Tune QW CTEQ6.1 M PDFs

22 a2 2 1 .
-+ Data
=== NLO pQCD - = O pQCD
— Scale & PDF unc. - - Scale & PDF unc.

Ratio to SHERPA
Ratio to SHERPA

Sherpa

. | = describes
0.5 0.5 A(I) shape

SHERPA scale unc. « i SHERPA scale unc.

| llllllllllll'l/lllll | T [ R ST | TR |

T - . e e R el
Ao(Z, jet) (rad) AY(Z, jet) (rad)

Phys. Lett. B 682,370 (2010), arXiv.org:0907.4286
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http://arxiv.org/abs/0907.4286
http://arxiv.org/abs/0907.4286

/->UU + jet + X -

sensitive to additional QCD radiation

Z pt > 25 GeV

rapidity y = 1/2 In(E+p./E-pz)
n = -In(tane/2)

ratios relative to

/6, x dog,;./dlAy|

Ratio to SHERPA

Phys. Lett. B 682,370 (2010),

D&, L=1.0 fb’
- Data
== NLO pQCD + corr.

=+ SHERPA

ot

O

65 < M, <115GeV

|1y <1.7. 62 > 25 GeV
Reone=0.5. p'f‘ 20 GeV, |y""|<28

PEFEPETTE BPEPEPET S BT AP | PR EPEPEPETS EPEPRTEE AR | P

—+ Data
= NL_O pQCD - = O pQCD

— Scale & PDF unc. — = Scale & PDF unc.

arXiv.org:0907.4286

Ratio to SHERPA

Ratio to SHERPA

—4- Data

== PYTHIA Tune P

== HERWIG+JIMMY = = PYTHIA Tune QW

SHERPA scale unc.

_i-'—

== ALP+PY Tune P

= ALP+HER = = ALP+PY Tune QW

_I__;_‘I'—I—

l.'-
.. e ——

ol e ==
..-
..
-~

SHERPA scale unc. (d)

lllllllllllllllllllllllllllllllllll llllllll

R V- TS R YRRy
AY(Z, jet)]
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First measurement
at a hadron collider!

MCFM v5.4 PDF: MSTW2008
Sherpa v1.1.3 H’ =

Hi? = prz2 + MZ?

PYTHIA v6.420
Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510
+JIMMY v4.31

ALPGEN v2.13
+PYTHIA v6.420
ALPGEN v2.13
+HERWIG v6.510
CTEQ6.1M PDFs

Sherpa, NLO
describe Ad



http://arxiv.org/abs/0907.4286
http://arxiv.org/abs/0907.4286

First measurement

Z‘> u IJ 1 jet 1 X 3 | Yboost = 1/2(yZ+YiEt1) at a hadron collider!

ratios relative to  MCFM v5.4 PDF: MSTW2008
Z pr > 25 GeV  Sherpav1.1.3 W2 = U2 = prz2 + Mz2

D, L=1.0 fb™
- Data
== NLO pQCD + corr.

=+ SHERPA

—4- Data == PYTHIA Tune P

— HERWIG+JIMMY = =PYTHIATuneqw | PYTHIA v6.420

Pythia Tune P
(pr ordered shower)
Pythia Tune QW
(Q? ordered shower)
HERWIG v6.510
+JIMMY v4.31

Ratio to SHERPA

2| 65 <M< 115 GeV

E vi=1Z, p? > 25 GeV B
. . ALPGEN v2.13
- 05 s _ SHERPA scale unc.
E Plags0s, By 220GeV I 19d8 et et u|  +PYTHIA v6.420
~ Data -=ALP+PYTuneP |  ALPGEN v2.13
— ALP+HER = =ALP+PYTune QW| +HERWIG v6.510

CTEQ6.1M PDFs

-+ Data
=== NLO pQCD = = O pQCD

— Scale & PDF unc. = - Scale & PDF unc.

Ratio to SHERPA
Ratio to SHERPA

All predictions

describe yboost
0.71 SHERPA scale unc. (1574 o SHERPA scale unc.

[ FERE FEE T RS RN RN R | Caaa o o e e e e el
608 1 12141618 2 22 0 02040608 1 12141618 2 22

1, (Z+iet) Yy oy (Z4iEN)
Phys. Lett. B 682,370 (2010), arXiv.org:0907.4286

Caaa oo oy
0 02040

boost
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Uncertainties

® Jet Energy Scale (JES) - up to 20% (leading jet) at high pr
® MC Corrections: lepton resolution, jet resolution, efficiency

® Method: unfolding, model/simulation uncertainties

Eptr > 25 GeV Z pt > 45 GeV
Statistical, systematic Statistical error Systematic errors

errors are comparable  dominates in most bins -~ 109, in bulk of data

— Stats.

---- Tot. Syst.

— JES

— MC Corr.
Method

Total uncertainties: Data at Particle Level |
0

ncertainty
o
w

o
n

20}

Uncertainty [%)

o
—

10—

Fractional Uncertainty

Fractional U

0

L T LI T u

=)
4

O
n

o
W

20 30 40 50 100 200 300
p, (1 Jet)

A 0(Z, jet) electron channel

muon channel muon channel
MC4LHC Readiness Workshop, March 31, 2010




/+b jets

/Z = ee/Ud + b + X
lepton pt > 15 GeV

jet pr > 20 GeV

et In| < 2.5

DO Runll Midpoint Cone
jets with R=0.5
secondary vertex tagging

» Data

— Expectation

B Charm+Mistag
OBkgd

—h
|UI|||

—h
|°|||

O
~
>

)
O
o
F
~

n

(]
=
)

c
L

Measure: ,
O(Z+b jets) | i 1

O(Z+jets) B
p; (GeV/c)

3]

Measurement relied on
Pythia MC estimation of
c/b tagging efficiency

o(pp — Z + bjet)
o(pp — Z + jet)

a new result with 4 fb-! is coming soon
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« Data

— Expectation
BCharm
0 Bkgd+Mistag

N
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Entries / 10
lallll T T T 7T
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= 0.023 = 0.004




W-+c jets

Measurement cuts:

Sensitive to s-quark PDF lepton pr > 20 GeV.

. % : . missing Er > 20 GeV
90 /O S/ 1 O /O d V Slgnal. OS>>SS DO mldeInt Rcone:O.S,
(d,s,0) backgrounds: OS~SS  pret> 20 Gev,|njet| < 2.5
0.2
0.18 - b -1
016 L=11b
014 Alpgen (v2.05) + Pythia (v6.323)
g ."dl_-". 2 - _
Charge correlation Q| F0-12¢
; ; 0.1 -
rY T T ——
2| '0.08 -
5% f
0.06 -
0.04F T T
0.02;—
O | Lo
° 10 10

jet P [GeV]

Alpgen prediction: 0.04 pb

Result: measure o(W+c)/a(W+jets)
= 0.074 + 0.019 (stat) + 100124 4,4 (sys) Phys.Lett.B666:23-30 (2008), arXiv.org:0803.2259
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isolated y+jets

Huge statistics compared to W,Z
Triple differential cross sections!

Dﬂa L,=1 fb"! ly'| <1, pjft > 15 GeV
|yjet| <028, yY. yjet >0
. .
(x5.0) Iy < 0.8, y' oy < 0‘
15<|y"| <25, y-y® >0
15< |y <25, y-y® <0

'y
(=)
w

dy'dy " (pb/GeV)
=

direct photons emerge from hard subprocess
— direct probe of hard scattering process
gluon sensitivity at LO

Y
T

— NLO QCD
JetPhoX
CTEQ 6.5M

d% / dp
s

—
]
N

Also fragmentation contributions:

| | |
100

P! (GeV)
Allows for careful study of
suppress using isolation cuts dynamics of QCD in different

observable: isolated photons regions of x and Q

Phys. Lett. B 666, 435 (2008), arXiv.org:0804.1107
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isolated y+jets

Huge statistics compared to W,Z

Triple differential cross sections!
+ measure in 4 regions of yr / yiet

- photon: central
- jet: central / forward
- same side / opposite side

Phys. Lett. B 666, 435 (2008), arXiv.org:0804.1107
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III

* LI 1
|)}et| < 08, yy, ylel >0 :: 15< |ylet| < 2.5’ y\/. yjet sif)

—
S
T T

—
N
TT T

—

o
o)
T T

NLO theory cannot
simultaneously describe
photon pr and jet rapidity over
entire measured range

e
(=
LB LI |

Ratio of cross sections: Data/Theory
o
>

)
o N
LI | B B ]

N
15< |y <25, y"y® <0

—
Y
T

-1
N
L L

What’s missing?
HO corrections? : ]
. , : E —*— ratio of data to theory (JETPHOX)
Resummation : T RS vor ooty ]

ratio of MRST04 to CTEQ6.5M

—
| B | LB

C 2 5 o ; I ratio of Alekhin02 to CTEQ6.5M
[ 7.8%is overall normalization uncertainty { T ----—- ratio of ZEUSO05 to CTEQ6.5M b

30 100 200 30

0 Y
py(GeV)
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isolated y+b,c je

blc
Trlple dlfferentlal Cross SeCtlonS Phys. Rev. Lett. 102, 192002 (2009), arXiv.org:0901.0739

2 i et 8EDE, L =10 |y|<08 F yY*<0
Dg, Lint_1-0fb .yYyI >0 E et ly'|<1.0 F y+b+X

: E Yy =0 4 ;

=2
+

o

+

X

NLO QCD
CTEQ 6.6M
- —e— data/theory

- n' F
uR,F,f‘ pT . CTEQ6.6M PDF uncertainty
IC BHPS / CTEQ6.6M
P IC sea-like / CTEQ6.6M
Py - Scale uncertainty

T

d’c/ (dp’dy'dy ") (pb/GeV)

ly'] <1.0

y*|<0.8 .. @ (x0.3)
4 p > 15GeV TR 40.1)

IIIIIIIIIIIIIIIlIIIlIIIlIIIII
20 40 60 80 100 120 140 o

Y ~720 60 80 100 120 140 40 60 80 100 120 140
pT (GeV) pi (GeV)

o

Relevant for heavy quark, Y+b: good agreement with NLO

gluon PDFs for 0.01< x <0.3 Y+C: Disagreement with theory
for photon pt > 70 GeV
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® Many new, interesting results coming from the Tevatron in Vector
Boson + jet measurements

® higher statistics -> measurements become systematics limited

® we will learn much more, especially in W/Z/y + heavy flavor by
looking at more data

® Crucial for understanding backgrounds to NP and SM Higgs
searches

® Discrepancies with theory suggest HO corrections and heavy quark
fragmentation may need study; tuning of scale choices, PDFs, etc.

® DO will continue to explore these processes

http://www-d0.fnal.gov/Run2 Physics/WWW/results/qcd.htm
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Final Thought

A concerted effort by experimentalists and theorists is needed to
resolve existing puzzles and improve theoretical predictions which
are critical for NP searches at both the Tevatron and LHC.
Tuning to Tevatron data is a good opportunity.

Run 210875 Evt 24327122 Tue Oct 11 17:57:05 2005
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DO Runll Midpoi

“particle” = {experiment: calorimeter towers / MC: stable particles / pQCD: partons}

three parameters: Reone = 0.5 or 0.7, prmin = 8 GeV,  overlap fraction f = 50%

® Use all particles as seeds

— make cone of radius AR = \/ (Ay? + A¢p?) < R.ne around seed direction
— proto jet: add particles within cone in the “E-scheme” (adding four-vectors)
— iterate until stable solution is found with: cone axis = jet-axis

® Use all midpoints between pairs of jets as additional seeds —> infrared safety!!!
— (repeat procedure as described above)

@ Take all solutions from the first two steps:
— remove identical solutions
— remove proto-jets with p7jec < P71 min
® Look for jets with overlapping cones:

— merge jets, if more than a fraction f of pr .. is contained in the overlap region

— otherwise split jets: assign the particles in the overlap region to the nearest jet
(— and recompute jet-axes)
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/->PM + jet + X

Z+1jet inclusive Phase space:
angular variables AP (Z,jet) 65 GeV< My, < 115 GeV,
y ( ,Jet) Rcone:O.S, ijet> 20 GeV

Yboost(Z,]€t) = 2(yz+Yijet) [yt < 2.8, |yH| < 1.7
pr2> 45 GeV (avoid UE)
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Phys. Lett. B 682,370 (2010), arXiv.org:0907.4286
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NLO pQCD cal
& MC Models

® pQCD predictions calculated with MCFM, JetPhoX, ...

® Many LO MC programs on the market:
® MEPS: Alpgen, Sherpa, Madgraph, Helac, Madevent, ...
® PS: Pythia, Herwig, Ariadne, ...

® CKKW

® the separation of ME and PS for different multijet processes is achieved
through a kr-measure

e undesirable jet configurations are rejected through reweighting of the
matrix elements with analytical Sudakov form factors and factors due to
different scales in o

° MIM

® matching parameters chosen, ME and PS jets matched in each n-parton
multipliCity, events vetoed which do not have complete set of matched
jets

® further suppression required to prevent double counting of n and n+1
samples (replaces Sudakov reweighting in CKKW)
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