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B Xk V+]ets Results e

* Test of perturbative QCD calculations:
recent high jet multiplicity calculations available, =~

appropriate scale choice not always clear q
 Monte Carlo modeling;
Parton Shower (PS) and Matrix Element (ME) g
approaches need tests/tuning
* Experimental measurements:
Bkgd to precision SM measurements and searches
for NP
= -1 W+2jet / 2b-tag | > - - N L ]
§ (c) DO, 5.3 fb + . Data (8 3000 D@, 1.1 fb' +D?lta ' = 200 —— Bkg Sub Data (7.3 1) |
3 200k CIW+ight | o - Bl Diboson Signal | 3 Sauscian
4\@ 4 EMJ 7 2500 |:]W+jets i\.?/ Dwmwz (all bkg syst.)| |
S 1500 :’,[-VbE = - [ ]Z+jets 2 9 |
T B s-top L% 2000 [ Top o (d)
BEwz - [Multijet W 100 -
100l —WH x10 1500~
115 GeV =
1000F- |
50 n +H i* L
500:_ 0 ; 1 Hi“
00 100 200 aee ey 0™ 50 100 150 200 250 300 T TR
. J ( ) Dijet Mass (GeV) M. [GeV/c?]
Higgs EW/Top New Phenomena
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The Tevatron & DO e

Tevatron
e +/s=1.96 TeV
e At =396 ns

*  Runll:2001-201 I: Typical average
luminosity:

>400x103%cm2 sec”!

~70pb-!' per week

DO Detector 120 [T T T \L_

—Delivered r’l | 5
*  Central Tracking: 100 —Recorded '

Silicon vertex detector and fibre tracker *° 1

. 80 +— Run |l Integrated Luminosit
in 2T field tracker and mqﬂq_,_,_gmd

gm /- 10.3fb"!
e Calorimeter: fs’o /

Hermetic coverage |n|<3.6, LAr 5::

calorimeter 30
e  Muon System: . =1

10

Excellent purity and coverage: |n|<2

o, " o, o, ) &,
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Bjorn Penning, EPS 201 1, July 22nd 3

Friday, July 22, 2011



—

Z+jets Production

Measurement of |5¢,2"9, 37 jet pT in Z events

L. 2

Phys. Lett. B 678, 45 (2009)

Selection: Z—ee: |y(1)|<2.4, m(Z)>65-115 GeV, pr(j)>20 GeV, |y(j)|<2.8

DO Run Il, L=1.04 fb' —#— Data at particle level
=== MCFM NLO

(a)

Z/y* (—ee)+2jets+ X

65 <M, <115 GeV

Incl. in pZ /y*®
. Rb,.=05,1y"1<25
N L

=4+ Data

=== MCFM NLO == MCFM LO
| — Scale unc. —— Scale unc.
= (b)
1 1 1 1 1 1 1 1 I 1
20 30 40 50 60 100 200

p, (2™ jet) [GeV]

Normalized to inclusive 0(Z) in data

~ »_DORunll, L=1.04 fo'! —#=— Data at particle level
o 10 = MCFM NLO
O]
= 10%g (a)
N
bﬁ‘f_ 10*
o | o Zly (—ee)+1jet+X
© 10°E 65<M_ <115 GeV
X . e e
i Incl. in pT/y
& 108 Rone=05,1y"1<25
E 1 1 I 1 i
=4 Data
=== MCFM NLO == MCFM LO
2.0 = — Scale unc. —— Scale unc.
S . E®
Z15 — .
= T
S F i _ r —
o [ ==mm=TTTTE DO S
9 LT T T T T —— 1
"(_u' T
m -
0.5 1 1 1 1 Lo 1 1
20 30 40 50 100 200 300
p, (1% jet) [GeV]
)
)

[1/GeV]

dp (3" jet)

OZ/Y ’

Ratio to MCFM LO
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DO Run II, L=1.04 fo'' —#— Data at particle level
== MCFM LO

(@) =~
\\\

\\l\
~

Z/y* (—ee)+3jets+ X
65 <M, <115 GeV
Incl. in p? / y°

o =05, 1y"1<2.5

Rcone

~
\\\[

I I | L II|IIII|IIII|IIII|II|'|'|

—4— Data
== MCFM LO
—— Scale unc.

(b)

N
o

40 50 60
p; (3" jet) [GeV]

Corrected for efficiencies, resolution effects and acceptance
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B X Z+jets Production =

=4 Data == PYTHIA SO =4+ Data == PYTHIA SO =+ Data == PYTHIA SO
== HERWIG+JIMMY —-~ Scale unc. === HERWIG+JIMMY —-~ Scale unc. == HERWIG+JIMMY —-~ Scale unc.
50 = PYTHIA QW — PYTHIA QW — PYTHIA QW
o FE (¢ — Scale unc. O 25E (c) — Scale unc. Q 3_0E (c) — Scale unc.
EI 1.5 z 20 3 S 20E
N S 15F e CE
= " TH = O 1.5
L [ oFeea=g--Jd_1 _ o, F = F
=10~ =10 o 1.0F
o) - T TS s~ — - — e] B - -
e - O | .-.= L
o _ = S 0.5
g= © — o
= . PS L 0.5 I :
05 m L 1 o 1 1 1
=4+ Data SHERPA =+ Data SHERPA =+ Data SHERPA
== ALPGEN+PYTHIA Scale unc. == ALPGEN+PYTHIA Scale unc. == ALPGEN+PYTHIA Scale unc.
2.0 - —— Scale unc. 025 Scale unc. o —— Scale unc.
S E 2 20F o 30¢
Z15F (d) G ) = 20E (d)
- zOF & 15 &
Sof B bbb | Sof bbb AP
S10p = - e 1.0
(@) B -— 49 : ————-——-—-____ o N ___-——— ——————— -
e [ ——__ e 205l - - gos-  TTe——
£ PS+ME e - CoT o !
+ -
0.5 m | | | oo | | | 1 1 1 1 1 Lo 1 ] ] ] ] ]
20 30 40 50 100 200 300 20 30 40 50 60 100nCI 200 20 30 40 ) 50 60
p. (1% jet) [GeV] p, (27 jet) [GeV] p, (B jet) [GeV]

*  Newer Pythia (v6.325) with pt ordered showering (50) shows improved performance
 Alpgen (v2.13) + Pythia predicts lower rates but shapes described well

*  Sherpa (vl.l.l) generally well described, some deviations for pr>40 GeV

Herwig(v6.510) + Jimmy(v.4.31)
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Z+jets Angular Correlation s

Phys. Lett. B 682, 370 (2010)

 Z+jets O measured as function of angular
correlation between leading jet and Z boson //{///

*  Provide test of pQCD sensitive to effects not

probed e.g. in pr distributions, e.g. additional
QCD radiation

e LM, very clean signature:
Physics Bkgds: 0.5-1%
Instrumental: ~1%

- - D@, L=1.0 fb™

3000 — .
G0 A Daa » Correct to particle level to account for
. C [ Z+jets . . .
22500 [ detector resolution and efficiencies
< " [ Backgrounds
L B

S e Compare to:

1500 [~

- - NLO pQCD with MCFM
1000 [~
s00 - LO ME+PS (Alpgen/Sherpa)
OGE) 70 80 90 100 110 120 B LO PS (Pythla/HerWIg)
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Z+jets Angular Correlation e

* Selection: Z—= [ U: |ly(W)|<I.7, p1(£)>25 GeV, p1(j)>20 GeV, |y(j)|<2.8

= E D, L=1.0 fb by < | e Data — PYTHIA Perugia* o M f d
‘\f 10 ® Data ’ @ 3[ ='=HERWIG+JIMMY = =PYTHIA Tune QW easurement Per orme
= = == NLO pQCD + corr. . .
3 [ - SHERPA e o PS for A(P(Z, ]Et), A)’(Z,]) and
5102 3 '
3 . « $ ‘ |A)'boost(z,]) |
§N1os_ ,\"' (@) Uy
R e  NLO pQCD calculations
104 Iyl <1.7, p? > 25 GeV 5 . .
: im0, oso oy cng| Y sHERPA seae e © describe data well
< [ epaa 1 < [ eopam — ALP+PY Perugia®
(% il :gigepsggF unc. Z:;SaﬁfggDF unc. % il =T ALP+HER - - ALP+PY Tune QW) @ Sherpa Performs beSt
2 2 S ol PS+ME
£ ¥ e E ¢ ,*s+. * Pythia does well in Ay,
r — R | Alpgen+Pythia both
0.7} . 07k S
fixed order " - .
.l SHERPA scale unc. ’/ (6) 0.5: SHERPA scale unc. (d) ° HeI’WIg Performs nOt as
Y- B VR R Y-S R VR R
Ad(Z, jet) (rad) Ad(Z, jet) (rad) We”
AQ(Z,))
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* Selection: Z—= [ U: |ly(W)|<I.7, p1(£)>25 GeV, p1(j)>20 GeV, |y(j)|<2.8

1/0, x doy,,/diAy]

Ratio to SHERPA

—
Q

—
Q

N
I

0.7F

] ® Data

[ 65<M,<115GeV
L Iy <1.7, p$ > 25 GeV

D, L=1.0 fb

== NLO pQCD + corr.
= SHERPA

jet

| Ruone=0.5, Pr >20 GeV, Iy <2.8

PSS EPEETETE BT EPEEETE EATErErE BT EAEETE AT R
® Data
— NLO pQCD - -LO pQCD

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

fixed order
SHERPA scale unc. (b)

05 1 15 2 25 3 35 4 45
lAy(Z, jet)l

Z+jets Angular Correlation s

Ratio to SHERPA

Ratio to SHERPA

® Data - PYTHIA Perugia*
== HERWIG+JIMMY = = PYTHIA Tune QW
2' “—
\“
K
R
¢" §
[ ] !\¢‘§ § PS
\' R
-~ 5%
.
1= TT=eaal
- c
0.7 SHERPA scale unc. (©)
S'ETEETE EFETETETS EPEEST AT S A SRS AT AT ATETETErS BUAT AT SR A AR
® Data = ALP+PY Perugia*
== ALP+HER = = ALP+PY Tune QW
2_
R CI ¢ PS+ME
s @
\
S~ imm, e
i Seoo ] Tt -
071 SHERPA scale unc. (d)
NI I I AT IS AN ATAT TS AVITAT NSl APEUATAT S EPET AT A AVRUAT AT AT A

IAy(Z, jet)l

Ay(Z,j)

Bjorn Penning, EPS 201 1, July 22nd

Measurement performed
for Aw(Z,jet), Ay(Z,j) and
[AYboost(Z,))|

NLO pQCD calculations
describe data well

Sherpa performs best

Pythia does well in Ay,
Alpgen+Pythia both

Herwig performs not as
well
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* Probe of pQCD and b-quark

fragmentation

O(Z+b)/o(Z+jet incl) e

 /+bis important background to
Single-Top, ZH, NP

e Measurement of ratio cancels

uncertainties

Phys.Rev. D 83,031105 (2011)

Displaced
cks

Secondary
Vertex

’

/
Lige. !

!
; !
r

Primary \“‘,"’
10°¢ X : x Vertex
i DO! 4.2 fb F DO, 4.2 fb
[ i - Data
ol (@) uw (b) ee 0 Zeite .
- M Z+b o ele
| W Z+o o det
tt
fffffffffffffff Diboson - L2 :70<m(Z)<I 10 GeV

10 L =
20 40 60 80 100 120 140 20 40 60 80 100 120 140
Leading Jet P, (GeV)

- pr()>15 GeV,
- p1())>20 GeV, [n(j)|<2.5

Leading Jetp_(GeV)  *  Apply tight cut on b-jet algorithm
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E ‘_/‘

o(Z+b)/o(Z+jet incl)

* Probe of pQCD and b-quark §
fragmentation o
o
 /+bis important background to I
Single-Top, ZH, NP §
* Measurement of ratio cancels e
uncertainties =

- DO, 4.2 fb™ - DO, 4.2 b
i - < Data
(a) uu (b) ee O Zelight
3 B Z+b
Z+cC
tt
Diboson

Events / 5 GeV
=

Leading Jet P, (GeV)

60 80 100 120 140
Leading Jet p. (GeV)

o
IS

0.35

o
(A)

0.25
0.2
0.15

o
-t

0.05

o

Selection:

_ — b-jets

= e light-jets

%: Background Signal

93002 04 06 08 T 72
NN Output

- L2 :70<m(Z)<I1 10 GeV

- pr(I)>15 GeV,

- P1(1)>20 GeV, [n(j)|<2.5

Apply tight cut on b-jet NN
— Eff: ~57%, fakes ~2%
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ZblZc ratio e
BGOO
s | DO, 4.2 fb”
~ B I
9 i I
c ¢ B Data Measurement:
Q400 —— b Jjets
Wt T Lightlets
IGNtJeLs | 5(Z + bjet)
i ) - Total 5 B = 0.0193+0.0022(stat) +0.0015(syst)
i .
200~ | 4
0 02 04 06 08 .1

DyLip
* Most precise measurement of 'Z+b’ to date

* Consistent with NLO theory: 0.0192 +/- 0.0022

* renormalization and factorization scales: QZ%R=Q?%=m?*z
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B X W+jets production e

\

arXiv:1106.1457, submitted to Phys. Lett. B
8 10" & W(= ev)+ets, D, 4.2 " ay 0* Fundamental test of pQCD & bkgd

B 107k omes <  for many measurements
\ET 102 i? PN Ei

5 10 _ e @ =+ Test of W+=<4j production
= 1 ' E
5 = Rgone=0.5, p *>20 GeV, Iy 1<3.2 o e = . .

10" B peat5 GeV, <. 1, 'V'T>40 GeV,p 20 GeV * Measurement of diff. cross-section of
g 1sf ‘ " p1(j) in inclusive n™ jet mult. bin
L 16 N =
> — N -
o 1.4 \ N\ N —] I I I
g ME . § % § N\ 3° Unfolding to particle level using
°© JE ok T %g 3 1 GURU matrix rather than traditional
08 % \ \ N\ - bin-by-bin method
0.6 = \ \ =
— N\ -
0.4 F- =
— | | | | | 1@

T . . . ——* Compared to
2 - c) {

[ - — 2 e
S o0zf E} 1 - Blackhat+Sherpa #= /M + 1(Zp)?
T o150 b [Hi ¥ = 1.

o E T t 3 - Rocket+tMCFM #=3Hr
=« D, 4.2 " -
— o Rocket+MCFM LO = Rocket+MCFM NLO - i I I
0'05; BI%clék%;HShelrpa o . Bl%\%k%;HSherpa} xio 1°  UE + hadronization particle level
0 1 2 8 4 corrections derived from Sherpa
Inclusive n-jet multiplicity
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B X W+jets production

e

&

* Normalized to W+jet 0 from <

data % 1 0-2 f_ ----- Rocket+MCFM e BIackhat+Sherpa_f
Q) = S e DU, 4.2 b, W(— ev)+ets+X 3
~ — II.”I.”"", :
* Largest uncertainties: Z10° = Y, hay =
- - p o, -
JES (4-16)%, |JER (2-10)%, |et- ol 10%L ¢, v, ®o B
Vertex-Conf. (2-8)% S e, Mo T
-O. 1 0-5 ;— K . %"’z “ . ", _
o o = ., “,, .'0",'1, ,,,." 5
* Data precision greater than = - ", -
1 I 1 1 b '6 i ?.,’* ’c I,"'o"z, .’0, N
pQCD predictions in a wide — 10°¢ N Yy g D
range of the phase space 70 Y -
1 O = “’ =
* Let’s have a detailed comparison 8l i
. . 10°E =
by looking at the ratio - ~ ~ -
1 0_9 " Reone=0.5, p >20 GeV, ly”1<3.2 N
.. . SRS e W =
 Many uncertainties cancel in - P15 GeV, i<l 1, m>40 GieV, p>20 Ge :
: 2 2
ratio 20 30 40 10 2x10
n jet p. (GeV)
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w W+jets production s

s 1.8 p———————— e
g 1.5 E-eDZ,42f" =+« MCFM NLO s Blackhat+Sherpa NLO =
. . b 1.4 z_ ie]z 1 . _;
e NLO prediction < {5E =\ Mo L=zt W] =
B wn E B
performs well 1.2 B o =
11 E_- '” " Mg —§
1 ; { “A M\M\iw hﬁ\% '."'i ROTTL. R _;
¢ Caveats at IOW PT 09 E_ ;li '{ 2, ‘7017 n'vlq, _E
0.8 E- =
0.7 E W(— ev)+1jet+X d) =
AT [N T T NN S TN W TS TS | [ N SR | N TN TR (ST WU (S TR -
i 50 100 150 200 250 30(
Leading jet P, (GeV) (njets>=1)
o 16 pr—Tr—T—T——T———Tr T
= - oD, 42" «« MCFMNLO s Blackhat+Sherpa NLO -~
1.4 _ A
2 - ! =\/Mf-.'+%(2de‘)2 W= ;HT -
o 12 +, - ¢ Disagreements between
L { iiiiiii I e scale choices appear in
08 & TNl i WH2j 2" jet bin
92 E W(— ev)+2jet+sX = g b) =
B e T T s
Second jet P, (GeV) (njets>=2)
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w W+jets production Si=

L O Y P P i

- Deviations in shape < 1.4 = =\ Mo L =
and rate appear ° 12| W+3j
1. : E

* Partly due to non- 08 E- ,,,,,,,,,,,,,,,,,,,,,, E
pertubative COFT. gi ;W(—> ev)+3jet+X A C) E
TR0 a0 T e0 80 100 120

Third jet P, (GeV) (njets>=3)

L)

e DU, 42" =+« Rocket+MCFM LO  »wun Blackhat+Sherpa LO

* Only LO available, need

0-X/ 0.Data
N
N (&) ] w

E" 2 1 e1,2 1 _é
3 -\ & 1 NLO Tevatron calc.
15 F- W+4j 3
L i ! } 3+ Good agreement but
1 : “.“.".“.“."""’§"."ﬂ'-lNlnnn-mnnnnmu.n.,.,,. -: o .
- 1 1 large uncertainties
L g_ W(— ev)+4jet+X d) _g
010 ~— 20 30 40 5’50 80 70  =80° First diff. O for 4]6t

Fourth jet P, (GeV) (njets>=4

p
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w Summary AL

* Precise knowledge of DO object |Ds, energy scales and systematics lead
to experimental uncertainties comparable or lower than theoretical

uncertainties

* VHjets results:

- Generally good agreement with data, but some discrepancies
observed, as well between theoretical approaches

- Results precise enough to provide input in these cases

* More available: http://www-d0.fnal.gov/Run2Physics/qcd/
e.g: extraction of s, jet algorithm studies, jet substructures, underlying/

double parton events here
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Backup
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B X W+jets production e

. . . N LI L L L B R B LR
* Unfolding done using Singular Value > | Example of detector response ]
Decomposition technique O2s0F- matrix from-Alpgen+Pythia 2 3
(NIM A 372,469; hep-ph/9509307) §200:_ E
27 ° - i
* Inputs are: Swsf :
@© . - = Z
* Background subtracted data §1oo:— ------- a - -
distributions =T S :
S sof ngoc —
- b g8t -
* Monte Carlo Reco Level Distributions b, i 0000000y,

0 50 100 150 200 250 300

« MC based detector response matrices Leading measured jet pr (GeV)

* SVD significantly reduces dependence on MC description of
signal/background over bin-by-bin corrections
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*  What we call ‘GeV’ in the detector are

JES Energy Scale Corrections

actually ADC counts

—)

translate to cell energies

* Runll jet cone algorithm with

AR = \/(A)’ 2+AD 2) < Reone

* Jet Energy Scales (JES) corrected to the

particle level:

Fractional uncertainty (%)

——
D@ Run ||
Reone = 0.7, N, =0.0
— Total - -- Showering
- - Response Offset

- -

—
p—
-
——-
-
"-—---—.—"‘"-_-—

o~1-2.5%

Calibrated using Y+jets = F ——— -

o e X € [ DoRunI E

(dijets an jets) z 35 Auono = 0.7, 1_ =2.0 ]

: § 30F — Total - ---Showering E

JES includes: Enel.*gy Offset (engrgy £ »sE - - Response Offset 3

not from the main hard scattering § ] E

2 20F i —

process); Detector Response, Out- b T i =t

of-Cone showering; Resolution § :

g 1o

Different response for quark and & o5F IR

gluon jets 0.0& . — =
50 60 70 80 90 100 corr

PT e (GeV)
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B o Particle Level Corrections Si=

Calorimeter-level jets . .
ci__ 1> g * In Runll jet results, in most
ro— : ! ,
| Hadronic showers w © r 10 cases.
N . __ EM showgrs
= - ‘ % - Data are corrected to
L particle level

- Particle level measurements
are compared to NLO
theory

- NLO theory is corrected to

particle level using parton
shower MC

e Corrections for the
underlying events (UR) and
hadronization.

Underlying event
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Jet Algorithms s

Midpoint cone-based algorithm Infrared unsafety:
Cluster objects based on their soft parton emission changes jet clustering

proximity in y-¢ space

] Starting from seeds (calorimeter
towers/particles above threshold),
find stable cones

(kinematic centroid = geometric center).

Seeds necessary for speed, however source of infrared unsafety.

In recent QCD studies, we use “Midpoint” algorithm, i.e. look for
stable cones from middle points between two adjacent cones

Stable cones sometime overlap
- merge cones when p; overlap > 75%

]

u

More advanced algorithm(s) available now, but negligible effects on this measurement.
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Jet Algorithms s

kr algorithm

Cluster objects in order of increasing their
relative transverse momentum (k)

[0 d;=p7;. d,=min (p7,.p7,) — i@
until all objects become part of jets

D parameter controls merging termination and Ky jet Cone jet
characterizes size of resulting jets

No issue of splitting/merging. Infrared and

collinear safe to all orders of QCD.

Every object assigned to a jet: concerns about vacuuming up too
many particles.

Successful at LEP & HERA, but relatively new at the hadron colliders
0 More difficult environment (underlying event, multiple pp interactions...)
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