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The Issue
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Outline

¢+ Experiments can use LO or ~LL (ME+PS) MC to
simulate these main signals/backgrounds
» NLO not yet available for large jet multiplicity

+ Today :
» State of the art : some data/MC comparisons
» How can we try to improve our data vs MC agreement?

» A precise measurement
¢+ Future MC would benefit from that
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Z->ee pT, detector level

Nr. of Events
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(As expected)
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Z->ee, jet pT>15GeV, detector level

data w/stat error
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Nr. of Events

Data / PYTHIA
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¢+ The distributions on the previous slides were at the
detector level.

+ One can unfold the data in order to come back to the
particle level :

< 200f
. . . > C
> Use a migration matrixto g .- D9 Runll
bring back the jets to particle o 160F - I
level, cone size 0.5 > 3 400
o N
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Z->uu, >=1jet, jet pT>20GeV, unfolded

1_

PYTHIA v6.418
ALPGEN v2.13 +PYTHIA v6.323
ALPGEN v2.13 +HERWIG v6.510
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¢ At low pT, data are in between alpgen+pythia and alpgen+herwig
¢ Above 40 GeV the ratio is flat

— equivalent to a scale factor ~1.7/1.5
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DataZ-»uu, >1jet, jet pT>20GeV, unfolded
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Various MC tunes...

+ The underlying event (UE) is really not negligible for
the generators ME+PS

+ An other test: varying the tune of pythia in
alpgen+pythia

» Tune A: based on underlying event studies at CDF
+ Developed using CTEQS5L: LO PDF & LO «,

» Tune DW: same as A + the intrinsic kT adjusted to describe

CDF Runl Z pT + small tune to describe DO Runll di-jet Ap

« CTEQ5L

» Tune QW: same as DW
+ CTEQ6M: NLO PDF, NLO «,

Samuel Calvet W+jets MC and constraints
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Var|ous MC tunes...

Data / ALPG EN

Data / ALPGEN

14fe"
1.2
T
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Zp, /GeV

D@ WORK IN PROGRESS

Tune QW: NLO
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Zp,/GeV

Z pT : ratio “unfolded data (Z - mumu) / MC”

1.5; :
P T

1.32 *

1.1;

0.9

0.8

Z pT (but other kinematic variables too)
is very dependent on tunes of
UE, ISR, FSR, ...

Large Z pT appears better
described using NLO PDF
(I am not saying it is correct)

Tunes A and DW: LO

0 50 100 150 200 250 300

Zp. /GeV W+jets MC and constraints
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How do we improve our MC ?

Samuel Calvet W+jets MC and constraints
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How do we improve our MC ?

¢+ Sherpa, Alpgen+... are “improved LO” (almost LL) MC

¢ It is not surprising they can not describe perfectly the
data

+ Fix : Include NLL information into our LO MC

» ResBos gives a resummed differential cross-section of the Z
boson in agreement to the data, in the low Z pT region
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0 5 10 15 20 25 30 . 1 10 10

Z/,Y* qT (GeV/C) Z/’Y* qT(GeV/C)



How do we improve our MC ? (here, alpgen+pythia)

+ One can reweight alpgen 7 F =
events according to F ol e ZpT ' Resios
ResBos Z pT, in the low pT &sf- +pythia
region ©F
3

+ Use the unfolded data to LI
describe the pT above 30

= 14
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q |
4 .
e 11
] 1793135
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e
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How do we improve our MC ? (here, alpgen+pythia)

. . INJETS (p_>20 GeV)| |JETS (p >20 GeV)| e
o - 10° .
After Z pT reweighting (RW): : : Number of jets J
» Jet multiplicity improved . il:

: without and
L D i with RW
£ / (Z~>ee channel)

» No additional scale factor

107

10

10*

¢ Z->uu+=2jets : no additional scale factor (~1.2 before RW)

Jet pT 1_atleast_2j20 o Jet pT 2_atleast_2j20 Z ptatleast 2{20 AW
¥ ¥ ¥ L
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g-lzn— 4 EmuE
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File M
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. \ . ‘
Samue JEt 1 pT \ \/\JEt 2 pT d constraints Z pT 17




From Z to W simulation

¢ We know the Z pT simulation is not perfect, so there is no
reason to assume the W pT simulation to be correct

¢ Unfortunately there is not W pT measurement with similar
precision as for Z-ee on the market

» Rely on theory for the W pT/Z pT ratio (NLO) :
+ use W pT from ResBos at low pT

+ use (unfolded data Z pT)
GRESS
x (NLO ratio) at high pT | D@ WORK IN FXO

- Melnikov-Petriello co
- NLO ratio in agreement with k ~foncien”
NNLO ratio °9
» At the moment, an additional scale £
factor is needed for W+2jets (~1.25) "1

» Hopefully the W pT RW will fix it ”6

0.5

ratio W/Z

1 10 100
pt

1C

Samuel Calvet W+jets MC and constraints 18



W-ev, =2 jets, jet 1 (2) pT> 30 (20) GeV
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m ‘S N 500 I Single-Top
[ IMuliien 100 [ Multijet
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. 100
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800
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Good description of jet pT's

™3 z1o1w 3

_ n(jet2)

Jet n's broader in data than in MC
(better in sherpa, see next slide)

Samuel Calvet
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MC comparison : is there a matching effect ?
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5
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©
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Alpgen+Herwig, MadEvent+pythia - MLM
Sherpa, Ariadne+pythia - CKKW

Samuel Calvet

W+jets MC and constraints

20



A precise measurement

Samuel Calvet W+jets MC and constraints
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Low Z pT using a novel technique

+ Z pT can be decomposed into 2 components a. and a

L
» a, IS ~insensitive to lepton pT resolt;tionaT Agb” pgg)
Pt / ____________________
~ = (1) = (2) <\
_ pT —P T P
o — (1) = (2) ay,
|p T P | ? Hadronic Recoil
0.07F -
+ Non-perturbative form factor _ eosf -\ —g,=084GeV"
(by BLNY ): 0,05 0,= 082 GeV?
ResBos

SNP(b, QQ) - !gl +gg In (%) +glgg ln(l()():cimj) b2

1/c do/da, (GeV™)
BRanam
|

s
s

« Use a,and a_ to measure g, = oef :

4 6 8 10
Z/y* a (GeV) |

001, . .
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Low Z pT using a novel techmque

- 12F '—
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a; (GeV)

¢ This technique allows to use the muon channel @D@.

+ Reweight pythia samples with 15 ResBos predictions
(corresponding to a grid of 15 g, parameters)
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Low Z pT using a novel technique
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Conclusion

+ Tevatron experiments get enough events to test
precisely the prediction of V+jets sigttals backgrounds

» |t is an unavoidable step on the road to discoveries/ precision
measurements

» Manpower dedicated on the understanding/modeling of these
backgrounds (for example, V+jets task force @ D@)

» The needed massages of the MC's are better and better
understood

» Measurements of boson + heavy flavor still statistic limited
(see back up)

+ — Recent precise measurements should help the
tuning and comparisons of MCs

¢ LHC will reap the benefits from all these works
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Backup

Samuel Calvet
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Z->ee, jet pT>15GeV, detector level

Nr. of Events

Data / PYTHIA

PYTHIA too soft
(As expected)
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1.7 more jets @80GeV

constraints

27



Z->ee, jet pT>15GeV, detector level

Nr. of Events
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Z->ee, jet pT>15GeV, detector level

400 data w/stat error
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Z~>ee, Jet pT>15GeV, detector leve

data wi/stat error
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Z->ee, jet pT>15GeV, detector level

N 102 data wi/stat error
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Z->ee, jet pT>15GeV, detector level

Nr. of Events
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Low Z pT usmg a novel technique

DO Preliminary 2fb™ + Data
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Luminosity (/fb)

Run Il Integrated Luminosity 19 April 2002 - 23 November 2003 |
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Z+Db-jets : Z»ee/uu+b

Secondary vertex tagging
Data corrected to hadron

level (R=0.7 cone jets)
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+ Fit the vertex mass by oosf- —
3templates (b, ¢, light) s [ =P

%o o4 B0 e 70 80 E% [Gﬂ}]uu
¢+ Measurement g MO T T T
o(Z+b-jets)=0.93 +0.36 pb3 .t Lt PeeTeee gt
consistent with the theory ¢ .f e Dojes S
0.45+0.07 pb L Hy e SR
E F . 4 n*l<1.5 N=193:23
. . F A
+ Pythia does a good job to ot | i E
predict the Z+b fraction 2 E
¢ Statistic limited | | T —
Samuel Calvet W+jets MC and constraints 35




W+Db-jets : W=>e/uv+Db

Vertex Mass Fit

b= 71.3+ 4.7(stat) + 6.4(syst) %
c= 15.9 = 5.5(stat) %
LF = 12.6 + 3.5(stat) %

!

¢ “Ultratight” secondary vertex <. COF Run W Prliminary - 1./
. . . > & a
tagglng - hlgh b purlty 530 ‘ bDotthcontribution
+ Templates : light, b and ¢ o W —_ cherm contribution

» Fit the vertex mass distribution e AT Summed contribution

» NB: R=0.4 cone jets

¢ Measured cross-section 3.5
times larger than the prediction *
by Alpgen+herwig 2

» Investigations are underway

KS Prob = 84.8 %

3.5

4 = 4.5 5
GeVic)

Data - MC Comparisunl |Data -MC Cnmparison| Mvert

= COF Run Il Preliminary - 1.8¢0 E"m - COF Run Il Preliminary - 1.8
(L] & Dala = |} & Dala
ﬂm I~ = Summed corinbution, - E=E Summed cominbution,
= urcardainty fram l'-'l1IIr| fil 100 - urcaainty fram l‘-'lmr| hil
.E [ L Il Gosiom conbribution Il Gosiom conlributian
_,mu — R -arm conir Buian : R arm conir Buian

r Il LF conlribution J et n Il LF coniribution

Check the fractions
on other variables
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W+c-jets : W=e/uv+cC

+ “Soft muon tagger” to select the c-jets

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, P . . .
— NOS-SS _[NOS-SS Considering the 2 leptons:
© NW#e) =N o N bkg OS : opposite sign

+ Result: SS: same sign
» o(W+1c) = 9.8+/-2.8(stat)***_ (sys)+/-0.6(lum)pb
» In agreement with NLO prediction : 11+ pb

A¢P(MET,Muon in c-jet)
I CUT T rrenimniary |
# Data (~1.8 fb-1)
[ Wc (measured)
] Drell-Yan

B Non-W

[ 1 W+light flavor
] Other
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