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(CIEMAT)

On behalf of the CDF and DØ Collaborations



Outline of the talk
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Under standing the Standar d-Model Interactions and Bosons
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� QCD Physics:

! Jet and Photon production

! W =Z + Jet production

� EWK Physics:

! W mass and width measurement

! Z and W Production proper ties

! Diboson production

� The search for the Higgs Boson

DISCLAIMER: Due to time constraints, for most
of the topics I will just sho w the result from one
experiment. Almost always the other has some-
thing similar , so do not forget to check the web
pages with the result.
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QCD Physics

Jet production and
the structure of the proton
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Inclusive Jet Production
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� Measuring the jet production cross section over 8 orders of magnitude .

� Impressive agreement.

 (GeV)
T

p
50 60 100 200 300 400

dy
 (

pb
/G

eV
)

T
/d

p
s2 d

-610

-510

-410

-310

-210

-110

1

10

210

310

410

510

610

710  |y|<0.4 (x32)
 0.4<|y|<0.8 (x16)
 0.8<|y|<1.2 (x8)
 1.2<|y|<1.6 (x4)
 1.6<|y|<2.0 (x2)
 2.0<|y|<2.4

 = 1.96 TeVs
-1L = 0.70 fb

 = 0.7coneR

NLO pQCD
+non-perturbative corrections

T
 = p

F
m = 

R
mCTEQ6.5M   

600

Dé Run II ) MidPoint Algorithm (R=0.7)

) pT;jet > 50 GeV

) jy j < 2:4

) Comparison to modern PDFs

0.5

1.0

1.5

|y| < 0.4

Dé Run II
-1L = 0.70 fb

 = 0.7coneR

50 100 200 300
0.0

0.5

1.0

1.5

1.2 < |y| < 1.6

NLO scale uncertainty 

0.4 < |y| < 0.8

T
 = p

F
m = 

R
mNLO pQCD  

+non-perturbative corrections

50 100 200 300

1.6 < |y| < 2.0

CTEQ6.5M with uncertainties

MRST2004

0.8 < |y| < 1.2

Data
Systematic uncertainty

50 100 200 300

2.0 < |y| < 2.4

 (GeV)
T

p

da
ta

 / 
th

eo
ry

 (GeV)
T

p

da
ta

 / 
th

eo
ry

 (GeV)
T

p

da
ta

 / 
th

eo
ry

 (GeV)
T

p

da
ta

 / 
th

eo
ry

 (GeV)
T

p

da
ta

 / 
th

eo
ry

 (GeV)
T

p

da
ta

 / 
th

eo
ry

� Potential impact to global PDF �ts (gluon at high x ).

� Full analysis of systematic uncer tainties.

� Most precise and with the widest kinematic rang e to date .



High- pT b�b Production
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Using the capability of CDF to select
heavy-�a vour enhanced samples at the
trig ger level, a high statistics and high pu-
rity sample of b�b was studied.

� Template (to ver tex mass) analysis to es-
timate Heavy-�a vour content.

� Several diff erential cross sections were
measured.

� Agreement with theor y impr oves using
MC@NLO (+Jimm y) predictions.

(Jimm y is a package care of the Underl ying Event)
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Photon+Jet production
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� For p

T < 120 GeV=c, dominant production is

thr ough Compton scattering:

qg! q

� Probe PDFs in the rang e:

900 < Q2 < 1:6 � 105 (GeV2)
0:007 < x < 0:8

� Data selection:

) jy 
 j < 1:0 (isolated)
) p


T > 30 GeV=c

� Measurements (over 5 orders of magnitude)
are not well described by the theor y.

� pT dependence is similar to inc lusive photon
production in UA2, CDF and DØ.

� All PDFs give similar shape predictions.

� Need impr oved description for 
 +jet in theor y.

R
at

io
 o

f c
ro

ss
 s

ec
tio

ns
: D

at
a/

T
he

or
y

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 D
at

a 
/ T

he
or

y Dé

-1 = 1 fbintL

| < 1g|y

 > 15 GeVT
jet

p

 > 0
jet

 y×
g

| < 0.8,  y
jet

|y

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
 > 0jet y×g| < 2.5,  yjet1.5 < |y

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6
 < 0jet y×g| < 0.8,  yjet|y

30 100 200

7.8% is overall normalization uncertainty

 (GeV)
g

Tp

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 (GeV)
g

Tp

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

 ratio of data to theory (JETPHOX)
 theor. scale uncertainty
 CTEQ6.5M PDF uncertainty
 ratio of MRST04 to CTEQ6.5M
 ratio of Alekhin02 to CTEQ6.5M 
 ratio of ZEUS05 to CTEQ6.5M 

 < 0jet y×g| < 2.5,  yjet1.5 < |y

30 100



Boson + Jet Production at the Tevatron
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� Tevatron experiments are involved in a big effor t to test the predictions for
W =Z +jets with high accurac y.

� Impor tant tests of Quantum Chromod ynamics (QCD):

) Comparison to NLO predictions
) Comparison to LO ME+PS Event Generator s

� Recent LO and NLO sim ulations need experimental veri�cation.

� These processes are impor tant backgr ounds to several interesting analysis:

) Backgr ound for t �t production

) Backgr ound for searches on Higgs, single top

) Searches on SUSY, Leptoquarks,. . .

� The impor tance of these processes will be increased at the LHC.



W + Jet Production

Oscar Gonz ález (CIEMAT) FNAL Users' Meeting, 4-VI-20087

� Selecting W ! e� events with E e
T > 30 GeV

) MCFM (NLO) gives good and accurate description of the data (but limited in
jet multiplicity)

) MLM (Alpg en+Herwig+MLM-matc hing) gives good description of the jet mul-
tiplicity , but fails in absolute normalization (as expected).

) SMPR (MadGraph+Pythia+CKKW matc hing) tends to overestimate the jet
multiplicity .



Z + Jet Production
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Very clean (almost backgr ound-free) envir onment.

PYTHIA:
� Born Process + Parton-Sho wer

� Multijet states generated using PS

SHERPA:
� Matrix-Elements for hard par ton radiation

� Soft radiation with CKKW matc hing

PYTHIA underestimates the production of multijet states.

SHERPA provides better description of the jet multiplicity (and kinematics)

LO Matrix-Elements (Alpg en/MadGraph/Sherpa) generator s
impr ove the description of hard multipar ton radiation



W/Z + B-Jet(s)
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� (Z + b jet ) 0:86 � 0:14 � 0:12 pb – – – 0:51 pb 0:53 pb
� (Z + b jet )=� (Z ) 0:336 � 0:053 � 0:041% 0:35% 0:21% 0:21% 0:21% 0:23%
� (Z + b jet )=� (Z + jet ) 2:11 � 0:33 � 0:34% 2:18% 1:45% 1:24% 1:88% 1:77%
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ALPGEN and NLO Predictions seem to underestimate the data in this case
More predictions are needed, especiall y to stud y w +b-jet discrepanc y

More studies are needed in the W/Z + heavy-�a vour jets channel to under stand
the experimental results.

These �nal states are basic (and common) backgr ounds
in studies and searches at Tevatron and the LHC
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Electr oweak Physics

Stud ying the structure of the

Standar d Model to the last corner



W Mass and Width Measurements (I)
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Tevatron provides the best place to measure the proper ties of the W boson to
the highest precision.
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� Lots of effor t to under stand energy
scale (using J = , � and Z events) whic h is
the largest systematic.

� Investigation to reduce uncer tainty in
hadr onic recoil using Z events.

m W = 80:413 � 0:048 GeV=c2

Width of the W tests the very precise SM
value (from the PDG)

� W = 2:091 � 0:002 GeV=c2
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� Fit of � W in the tail of the trans-
verse mass.
� Required very accurate and fast
detector sim ulation.

� W = 2:032 � 0:073 GeV=c2

Both are the world' s most precise single measurements of these quantities.



W Mass and Width Measurements (II)
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� Currentl y much more data is avail-
able.

With 2 fb � 1 we may achieve a total er-
ror of 25 MeV in m W .

Provided the follo wing effects are mi-
nor (or we keep them under contr ol):

! Aging of the detector s

! Lack of homog eneity in the larger
data sample

! Luminosity-dependent (pile-up)

(More inf ormation on the back-up slides and

the CDF-EWK Group web pages)

Preliminar y studies sug gest that 25 MeV is
achievable with the current data sample



Forwar d-Backwar d Z-Production Asymmetr y
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� The presence of vector and axial-vector couplings in qq ! Z =
 � ! e+ e�

gives rise to the follo wing cross section:

d�

d cos � � = A
h
1 + cos2 � �

i
+ B cos � �

whic h leads to a Forwar d-Bac kwar d asymme-
try whic h depends on the dilepton mass and
it is sensitive to sin2 � e�

W .

� Asymmetr y is de�ned as the relative dif-
ference between the forwar d and backwar d
cross section (as the rapidity of the produced
electr on in the Collins-Soper frame).

� Measurement in good agreement with the
SM prediction.
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� Large M ee is sensitive to new Z 0boson



Radiation Amplitude Zero in W 
 Events
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� W W 
 ver tex is investigated using the production of W + 
 (s-channel).

� Interf erence with t-channel gives rise to a
RAZ in the angular distrib ution of the photon.

From gaug e theor y, the dip appear s at:

cos � 
 d =
qu + qd

qu � qd
=

1

3

� Dip is diluted by FSR photons off leptons,
NLO corrections, backgr ounds and anoma-
lous couplings.

� Measured distrib ution (Ql �
�
� 
 � � l

�
) is

sensitive to this proper ty of the Standar d
Model and is described by the predictions.

� Tail of d� =dE 

T distrib ution was used to set

limits on anomalous W W 
 ver tex.



Diboson Production
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Diboson production is a very impor tant test of the SM structure

) Sensitive to couplings between EWK bosons.

) Final states are sensitive to new physics (i.e. di-
vergences to the SM predictions) due to the small
cross sections.

) Big effor t over Run II to measure the production
cross sections

) Last one is ZZ production with large signi�-
cances:

CDF: 1:4 � 0:7 (stat) � 0:6 (sys) pb (4:4� )

DØ: 2:1 � 1:1 (stat) � 0:4 (sys) pb (2:4� )
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Very good agreement with the SM predictions for boson production

) Necessar y steps towards the disco very of the Higgs!



Oscar Gonz ález (CIEMAT) FNAL Users' Meeting, 4-VI-200816

The (still missing) Keystone
of the Standar d Model



Higgs constraints from indirect measurements
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� The Standar d Model relies on the Higgs mechanism to explain the structure
of the electr oweak sector obser ved in Nature .

� Electr oweak (SM) �ts constrain the (unkno wn) Higgs mass to

m H = 87+36
� 27 GeV/c2

m H < 160 GeV/c2 at 95% CL

� Direct searches at LEP excluded a Higgs with m H < 114:4 GeV/c2 (at 95% CL)



Higgs at the Tevatron: Strategy
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� Small cross section (order of 0.1-1 pb)

� Single Higgs Production via g-g fusion (mostl y
thr ough top-loop) is the dominant process

� Branc hing ratios set the basic search strategy (as
a function of the Higgs mass)
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Low-Mass Higgs: WH with isolated trac ks
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Recent analysis in the “g etting all the Higgses” appr oach

� Increase in 25% acceptance selecting muons with loose requirements (iso-
lated trac ks in the detector).

� Events are collected using the MET + 2-jet trig ger
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� Also a good example of the “ac hieving the maxim um sensitivity” appr oach:
signal separated from backgr ound using a Neural-Netw ork output

� Search perf ormed in the single and doub le b-tagged jet samples.

� Limit still to be added to the combination.

� Recent global H ! � � search added 10% in the low-mass rang e.



High-Mass Higgs: H ! W W �
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� The W W � channel is currentl y the one producing the best limit (for the val-
ues m H � 160 GeV=c2).

� Recent analysis using a Neural-Netw ork
whic h inc ludes a Matrix-Element-based dis-
criminant.

� NN Trained separatel y for ee, �� and e�

� Good agreement in obser ved output with
respect to the backgr ound expectation. medisc
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Search for the Higgs
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� Current 95%-CL limit is above the expected cross sections in the Standar d
Model for values of the Higgs not excluded (at LEP).

� Limit getting close in the rang e of m H � 160 GeV=c2: Expect news soon!

1:1� SM is alread y excluded!

� Some remarks about expectations:

) Exclusion limit has impr oved more than what expected from luminosity increase
(quanti�ed in a 1.7 factor).

) We expect another increase in sensitivity not due to luminosity of a factor of 2.0
for the low-mass region due to fur ther impr ovements in b-tagging, lepton accep-
tance and dijet mass resolution (among other s).

� We expect to exclude (or begin to see hints of) the Higgs in the low-mass end before LHC
experiments are ready to make similar statements about this region.



Summar y and Outlook
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� Results on QCD are giving insights on the most common �nal states at
Hadron collider s.

� Results on EWK achieving highest precision to test SM predictions.

� Chase of the Higgs rapidl y progressing: sensitivity impr oving much more
than expectation from increase in integrated luminosity

� Nothing of this would happen without
the effor t of the FNAL Accelerator Divi-
sion. Thanks a lot for the data!

� Note that most of the analysis onl y use
data up to Aug 2007 shutdo wn (or less)

� More data to be added soon: Impr oved
results for ICHEP 2008.

Please check our web pages with more pub lic results: they are open 24/7!!!

http://www-cdf .fnal.go v/ph ysics/ph ysics.html

http://www-d0.fnal.go v/Run2Ph ysics/WWW/results.htm



Exclusive Dijet Production: Dijet mass
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� Central dijet production is sensitive to new physics.
� Especiall y senstive to new resonances.
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� NLO predictions describe data well within uncer tainties.
� Cross section measured over 7 oreder s of magnitude .
� PDF Uncer tainties pretty large for very hard jets.
� Limits set for excited quarks, massive gluon and Z 0=W 0scenarios.



Inclusive Photon Production
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-1L = 380 pb � Measurements from both experiments
are above the NLO predictions.
� Agreement within 20%.
� pT dependence similar to former obser -
vations (UA2).
� Measurements based on larger datasets
coming soon.
� Expecting to reach 300 GeV=c.



More on the 2.3 fb � 1 Measurement of the W Mass
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� Work is alread y in a very advanced state .

� All basic tools are ready and looking �ne .



W + Charm Jet
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Production of Heavy-Fla vour jets with vector boson is very impor tant being an
impor tant backgr ound for analyses based on b-tagging.

� Selection based on muon-based tagger allo ws
studies of the interesting W +charm:

) Opposite charge of muon in jet and (isolated)
lepton from W :

c

c

s/d

n

l

W

g

s

charm jet
m

) Gives inf ormation on the PDF for strang e
quark, and it is sensitive to the jVcsj element of
the CKM matrix.
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The probability that backgr ound �uctuations could produce the obser ved fraction of W +c
events is estimated to be 2:5 � 10� 4, whic h corresponds to a 3:5� statistical signi�cance .

Cross section at CDF for pc
T > 20 GeV, j � cj < 1:5 is 9:8 � 2:8 (stat) +1 :4

� 1:6 (syst) � 0:6 (lumi) pb

in good agreement with the NLO (MCFM) prediction of 11:0+1 :4
� 3:0 pb



W + Bottom Jet
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� With a tight b-tagger, it is possib le to investi-
gate the production of W +b-jets with high preci-
sion.

� Here using the tagging algorithm based on
secondar y-ver tex reconstruction, with a very
tight selection to reduce contamination from
mista gged jets.

) Very clean selection (70% b-jets): back-
ground is dominated by t �t

) Vertex proper ties are well repr oduced by the
sim ulation.

� Cross section of W b production was mea-
sured:

� = 2:74 � 0:27 (stat) � 0:42 (syst) pb

whic h is underestimated by ALPGEN (0.78 pb).

� Work to get alternative predictions in progress.
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Measuring the W -Production Charge Asymmetr y
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Due to the asymmetr y in charge of the initial state , W production is charge-
asymmetric in rapidity .
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It should be noted that the V-A structure of the W decays favors an asymmetr y
for the charged leptons opposite to that of the W production.
CDF corrects for this by reconstructing the kinematics of the W (using a mass
constrain and weighting the relative contrib ution of each solution).

Obser ved asymmetr y is in good agreement with the SM expectations



Z Rapidity
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� Measurement of the Z rapidity is sen-
sitive to the fraction of the (anti)pr oton
momentum carried by the initial par-
tons:

x p = M Z ey p
s

x �p = M Z e� y p
s

being y = 1
2 ln

E Z + pZ
L

E Z � pZ
L

the rapidity of

the Z boson.

� Measuring d� =dy constrains the pro-
ton PDFs.

� Measurement is compared to modern
PDFs (statistical error onl y).


