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Proton anti-proton collisions at 1.96 TeV
- currently highest centre of mass energy

Tevatron performing very well

- 6.5 fb' delivered (per experiment)
- 2 fb! recorded in 2008 alone

- projection: > 9 fb™ by end of 2010
- running in 2011 under discussion

Both experiments performing well
- data taking efficiency > 85 %



QCD at the Tevatron . ™

Photon, W, Z etc.
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Focus for this talk: festing the Standard Model using high energy hadron interactions

“Hard” QCD:

- NLO pQCD comparisons, constrain profton structure, search for new interactions
- fundamental 2->2 processes

- study production of EW bosons (+jets)
- more complex 2->2, 3,4, 5, ... processes

“Soft” QCD:
- dlso need to understand the physics environment: underlying event, hadronisation

For more details, see CDF and DO web pages. Apologies for all the results | cannot cover!






Underlying Event

Charged Jet #1
Directon

“Toward- Side ™ Jei

Techniques developed at CDF: ; £ SRR R R .
- look at charged particles in different regions
- fransverse most sensitive fo underlying event
- PYTHIA tune A (+ relatives) describe data



Underlying Event

Z Boson
Several studies at CDF
Update classic method:
- Now use Z events LD gICE

“Transverse” “Transverse”

Compare to PYTHIA
- funed on jet data
- good agreement in Z events
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Also CDF studies of jet shapes:
- PYTHIA funes describe data well
- b jet situation less clear, need more study
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Several studies at CDF Double parton interactions:
Update classic method: - information about proton structure
- now use Z events o - important background

Com padre o PYTHIA “Transverse”  “Transverse”
- funed on jet dafa
- good agreement in Z events

]AII Three Regions Charged Particle Density: dN/dndo |

%‘ 4 - CDF Run 2 Preliminary L~2. 7ﬂ;'[
€ a5 pr> 0.5 GeVicand Il <1 T T
a E Transverse: PYTHIA Tune AW _;"'
o L ) Transverse: Data
© R Ll Toward:PYTHIA Tune AW .
I - Lo W
%2-5:_ A Awa¥f Data % % ‘‘‘‘‘‘ o % """""
& b 70<M, <110GeV/ AT S 1 i i ] .
5§ iHi Tag primary interaction A= y+jef
[ e Identify second interaction B=di-jefs
1 e
= N
=z - . .

0sf Extract effective cross section:

%9626 56 40 50 60 70 80 90 100 0B
Transverse Momentum of Lepton Pair (GeV/c) O_DP — m g O'-A J 2
O eff

Also CDF studies of jet shapes:
- PYTHIA funes describe data well
- b jet situation less clear, need more study

Measured: <o_>=15.1 £ 1.9 pb
Consistent with previous CDF result
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Jefts
- Inclusive jets
- di-jet mass, angles




~ Jet Production ™
Fundamental process at hadron collider! >m< >< X

Inclusive jet cross section constrains PDFs

- especially gluon at high x
- also probe for quark substructure
NLO
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Fundamental process at hadron collider! —

inclusive jets: Tevatron Run Il ]
ly|<0.4
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Inclusive jet cross section constrains PDFs
- especially gluon at high x
- also probe for quark substructure
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Jet Production

Fundamental process at hadron collider! = _
o § inclusive jets: Tevatron Run Il ]
o | | g o heod
Inclusive jet cross section constrains PDFs —2 .t qq — jets |
- especi i 8 | :
pecially gluon at high x 8 .k 99 jets
- also probe for quark substructure 5 :
E 02 3 gg — jets
Tevatron complimentary to ep, fixed target 0 s oo a0
pr (GeV)
Fri-rnq =TT —T=TFTT | =TT —T=TTT

] D@ Centrat + Forward Jets (n| < 3.0)

] cDF/D@ Centrat sets (0| < 0.7)

ZEUS 95 BPC+BPT+5VTX &
H1 95 SVTX + H1 96 ISR

[] zEUS 96-97 & H1 04-97 pret

E665
] cCHORUS

[] ccrr

[] nNr-HEP
[ ] maB E97-010
[ ] Bcoms

NMC
SLAC

10

10 °



Jet Production
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Fundamental process at hadron collider! = _
o § inclusive jets: Tevatron Run Il ]
o | | g o heod
Inclusive jet cross section constrains PDFs — 2 .k qq — jets |
- especially gluon at high x g I . 3
wm™ 04
- also probe for quark substructure 5 i
E 02 3 gg — jets
Tevatron complimentary to ep, fixed target 0 s oo a0
pr (GeV)

-in Run Il, analysed 10x the luminosity
- dx higher cross section af p, = 550 GeV

Run | measurements left lots of high-x freedom /A{:;&\

] D@ Centrat + Forward Jets (n| < 3.0)

] cDF/D@ Centrat sets (0| < 0.7)

ZEUS 95 BPC+BPT+5VTX &
H1 95 SVTX + H1 96 ISR

[] zEUS 96-97 & H1 04-97 pret
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Jet Energy Scale

CDF and DO use mid-point cone algorithms
- cone size 0.5 (0.4) DO (CDF) or 0.7 (both)
Main steps in energy scale calibration:

CH

calorimeter jet

- p, balance in back-to-back y+jet =

- EM calibration from Z->ee EM .......... ot b S —

- relative n calibration with y+jet and di-jet g

- account for quark/gluon jet response ij -
- further corrections for (detector) showering -2 =
- and for pile-up / min bias overlay &,

1
I



Jet Energy Scale € ekt

CDF and DO use mid-point cone algorithms
- cone size 0.5 (0.4) DO (CDF) or 0.7 (both)
Main steps in energy scale calibration:

CH

calorimeter jet

- P, balance in back-to-back y+jet _

- EM calibration from Z->ee EM .......... ot b S —

- relative n calibration with y+jet and di-jet g

- account for quark/gluon jet response ij -
- further corrections for (detector) showering -2 =
- and for pile-up / min bias overlay &,
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Jet Energy Scale

CDF and DO use mid-point cone algorithms

- cone size 0.5 (0.4) DO (CDF) or 0.7 (both)
Main steps in energy scale calibration:
- P, balance in back-to-back y+jet

(D!
o

- EM cdalibration from Z>ee s A o F-—
- relative n calibration with y+jet and di-jet g
- account for quark/gluon jet response = .
- further corrections for (detector) showering -2 :
- and for pile-up / min bias overlay &, \
Huge amount of work: 3,
- data measurements, MC tuning S
Remarkable achievement: . - .
- uncertainties ~ 1-2 % (D0), 2-3 % (CDF) P P
- fook 7 years! \
o il
E0A4p ~ D@Runll ¥
£oa2- ) Reone 207,11 = 0.0, Difet. Lo o
4 — Total = 09— |y|<O. S E
E 0.1 R R(()esaponse | E - o - E
8 0.08 % - Showering =2 z;: ) e E
'% 0.06F e : Offset | g 0:5f —e—duet i é
g 1 2 o04c : — 3
LD Q.04 1 gy 2 oot el s e :
°'°2,i NN Wit it o .§ 3 o +—%{§
067 10 20 30 100 200 S .
' 20 30 40 100 200 300
jet p, B, (GeV/c)



Inclusive Jets & Heset

Benchmark: inclusive jet cross section. 10°
- essentially a counting experiment
- in bins of jet p. and rapidity

d o B N L C
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D@ Run Il
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Inclusive Jefts o Hesken

Benchmark: inclusive jet cross section. 10°
- essentially a counting experiment
- in bins of jet p. and rapidity

- BTl 600-700 D@ Run I
preliminary

tail

10 )y
d o B N C .:::J
dprdy e L-Ap Ay "
Steeply falling pT spectrum, 10
- correct for migrations between bins

i i

- need excellent control of jet energy scale ' il :
o o . -08 -06 -04 -02 -0.0 (G 2 _0 4 0{.5 0.
-at DO, 1 % error - 5 - 10% on central x-section P et Prote?Pr o
—10 - 25% error on forward

04 Do Run I N 4
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Measurements in 6 rapidity bins,

, 1.4 Total correction
- over @ orders of magnitude 13" ~ ..DO L R Underlying event
- P, Up to 650 GeV 1.2 I o Hadronization
1.1 el T
L PRl
NLO prediction is parton level: rod JETUAAA ly| < 0.4
. i

- must apply non-perturbative corrections 566070 100 200 300 400

- derived from PYTHIA
13 [ < 107
= —+— CDF data (1.13 o) E 19 E.D@Run ; glaﬁ';ig?éz )(x16)
g % 10" & [ ] Systematic uncertainty %_ 105 = 0.8<|y|<1.2 (x8)
O ..F ——=— NLO pQCD NG 104 0 1.2<|y|<1.6 (x4)
— L e =10 s 1.6<|y|<2.0 (x2)
6 _g_ 10 . e Midpoint: R=0.7,f__ =0.75 % 10° A 2.0<ly|<2.4
o > . E el T "o 10?
10 :: '.'*-.- +_,_++ — 10
20 *..____ —_— < 6
L S e Lk 1E (5 = 1.96 TeV
0% , =L T = 0.1<[y|<0.7 (x107) 107E L =0.70 fo”
- s —= — 2 R =0.7
10 T T 0.7<]y[<1.1 10_3 cone = 0
= == ——
1011 —— 1.1<|y|<1.6 (x107) 1074 +non-perturbative corrections
1074 1.6<lyl<2.1 (x10%) PRD 78 052006 ('08) 10°g CTEQ6.5M p_=p_=p. PRL 101 062001 (08)
e S NI T A T T T T T T Y S A A B B 6 | ] |
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Inclusive Jets o
+ NLO pQCD Mo =H_ =P f ® Data | :
1.5 = +non-perturbative corrections + Systematic uncertalnty’ -
1.0 + e — e
> ; § ++ I
0 0.5 I T .
2 rlyl<04 T 04<]|y|<0.8 T08«<lyl<1.2 ]
TSSO, ST R S P S e M Rt
% 235 NLO scale uncertainty —— CTEQ®6.5M with uncertainties I' ]
o150 - T MRST2004 _ .7 T _ - PRL 101062001 (08)
X . I eororg— I o
tpEEe————.. BT PO RRR L
0.5E ¢ I I ¥
F 1.2<y[<1.6 I16<|y<2.0 I20<|y|<24 <
O_O-_I' 1 L1 1 1 1 1 1 I_--_I\ 1 L1 1 i 1 1 1 1 1 --_I\ 1 L1 1 1 1 1 1 1
50 100 200 300 50 100 200 300 50 100 200 300 p. (GeV)
L

Gluon distribution at Q2 = 10* GeV?

CDF and DO Agree within uncertainties 9 s o ooy A
= 1.4 iy S
Experimental unc. smaller than PDF unc. S :: S CTEQESNLO SR
- used in MSTW 2008 PDF fits Z . E 7
- Run | jet data excluded from fit 2 = .
- lower gluon at high x 2 oef NS
- preliminary CTEQO? PDF: E o8- :
- fit Runl & Il results without soffer gluon 075 3
- error band overlaps with MRSTO8 asE- \“ 3
- waiting for final word... D'!E._'l 02 03 04 05 05 07 1;.&

]



With JES and resolutions, test QCD further:
- new DO result, di-jet mass in six ijeTI regions

- NLO + MSTW2008 agrees within systematics
...but definite tfrend in forward region

= [
ELG; lyl] < 0.4
[ L
B [
St1.4r-
1.2:—
1
0.8
0-6:— DO Preliminary
L Rcone = 0.7
0.4 »
r L=07fb
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,,_,1010 <04 <y <08 (x10)
—_ -y <04
-Q 109 —MSTW.ZOOB NLO + non-perturbative
= PG g2
5
£ 10’
2> 10°
Qs
E: 10
10*
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Di-jet Mass, Angles ;™

Similar CDF analysis of di-jet mass:
- di-jet mass for | Yies | <1

- also carry out a resonance search
- data out to 1300 GeV!

(=]
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T
-

. ~&- CDF Run Il Data (1.13 0 )

— ek e

— Excited quark (1=1 =1, =1]

-
=]

T, ek

Subm. fo PRD

1]

/ dm.. [pb/(GeV/c?)]

Eaddd
=
e W M A

=)
%

M In o o
| ]

o o o O

B on No new physics yet...
- ; mg - 95 % limits on various resonances:
SE 00 -g*>8/0GeV, /' > 740 GeV, techni-p> 1.1 TeV

- (b) T

(Data - Fit) / Fit

200 400 600 800 1000 1200 1400
m, [GeVic
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‘| Di-jet Mass, Angles ;™"

% 0.1 —e— DU preliminary
Similar CDF analysis of di-jet mass: 5 W —— Standard Model
- di-jet mass for |y 1< L 005 45 - - - Quark Compositeness
jet . - 0.25<M/TeV <03 A=2.0TeV (A=+1)
- also carry out a resonance search 5 0 el L _
o o1 BN L1l ADD Lg. Extra Dim.
- data out to 1300 GeV! — ; M.=1.36TeV (GRW)
R -1 .

~ _ 005;-%_<NWEV<H Tﬁlfﬁiﬂm
0 10°) —8- CDF Run |/ Data (1.13 1) o SR A E G
E 107 \ ----- Fit 5 10 15
E 10 . —— Excited quark (1= =f, = 1) xdljet e)(p(|y1 y2|)
%':10.11 Subm. 1o PRD Di-jet chi in bins of di-jet mass:
5 102 ~ 11 bins of mass, 0.25 o 1.1 TeV!
o 10° - new interactions -> new matrix elements

:g“; - jet angles directly sensitive

00 L
T osf oo No new physics yet...
E Ej— MM + -95% Ii*mi’rs on vc:riouls resonances: |
:'s i b -g* > §7O Gevf /' > 740 GeV, techni-p> 1.1 TeV
g - and new m’reroc’rlgns:
© oa b o - ququ compositeness A > 2.58 TeV

: - ExDIm M >1.56 TeV (ADD), >1.42 TeV (TeV™")

200 400 600 800 1000 1200 1400
m, [GeVic



d°c/dx, dy (pb)

ratio

Tevatron vs LHC

inclusive jet production

Tevatron sqgrt(s)=1.96 TeV
==== LHC sqri(s)=14 TeV v

300 |

200 |-

............................................................

Tevatron Bun 1l / LHC

100 [

-D:1 0.2 0.4
X1 = 2p/sqri(s)

. Hesketh
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At the LHC:
- Cross secfion vs p_obviously much larger

- quickly pass Tevatron limits on new physics

BUT cross section vs x significantly smaller!
eg for 1yl<0.4, factor of 200 at x =0.5

Tevatron results with 1 fb™!
- need 200 fo' at LHC

Further, problem of steeply falling spectrum:
at DO, 1 % error on jet energy calibration
- 5 - 10% error on central x-section
— 10 - 25% error on forward x-section

At LHC, spectrum falls more steeply
- need excellent jet energy scale
- ouf fo very high p,

Expect Tevatron to dominate high-x gluon for some years!



-

- photon + b/e ) g
- di-photons in Higgs session .



Inclusive Photon Production ;™"

g 5 Measure photon directly
v ! - colourless probe of hard process

- d
1< Trigger on & select isolated EM clusters:
555 - low p, friggers pre-scaled!

g T Photon ID based on:

g 1 Y - shower shapes, isolation, fracking
QQQ -p,>30GeV, Inl <1.0(CDF

-p,>23GeV, Inl <0.9 (DO)

“Instrumental background”:
- non-prompt photons appear isolated
- energy overlay on prompt photons dilutes isolation

CDF Run Il Preliminary

g_
I 5o oo ¢ o & & o o o & .
5 L -

£ B *
/ ?// / g 30<p<90 GeVie

0.6—
-
04— CDF DATA, L=25fo"
B Isolation E{(R=0.4)< 2 GeV
02— —s— 7 ee
B —— 100% efficiency
- L ]
DIIII.l.IIIIlIIIIIIIII|IIII|IIII|IIII|IIII|IIII|II
20 30 40 50 60 70 80 90 100
Photon p; [GeV/c]

Y 'Yy

(inside jets)



Photon ID e

g2 |
Photon Isolation and background: 7 400001 . Dua L=3BJ§-1
- CDF: template fits to isolation in calorimeter M—T ° MC background
- DO: template fits to photon ID neural net sooo[ | censlbackereund
; 44 <p. <50 GeV
. . ":o.zs:— - 25000_ 9
Simulation used for background templates e [ ¥ 200000
- must verify with data 2021 150001 t
2 | - F cu
Zo.15] 5 100001 2 .
Electron/photon energy scale: - o R ! ; . o
H A i | ¢+ I ‘? . ¢
- calibrate on Z mass peak N | 5 SRR S VR UL V6 BE FREAE
- e/y differences from simulation oosl  [© 5 CDF Oy
- simulation fo extrapolafe fo high p. - .. l‘
-2 0 2 4 6 8 10 12
Isolation E; (R=0.4) [GeV]
Photon p_resolution corrections small . CDF Run Il Preliminary
[<} N
CDF Run Il Preliminary B 1
® £ F +++++_T— I
0 0.998 - + s [ g
= - ‘|_ + S0 * {
“"'8 0.996 - _|_ _|_ o -
= 0.904 F H 4+ + o8-
Q C :n
g 0.992 - -+ e
> 0.990 "F CDF Inclusive Photon Data
o - + —|—+ —|_ —|_ [ L=2.5fb", pl>30 GeVic, iso<2 GeV (R=0.4)
Q2 0.988 | _|_ 0.6/~ ——+—— Signal Fraction
LLI :I sl el l el .00l 0.1, : SystematicUncertainty
0 2 4 6 8 10 12 14 16 05:IIIIII|IIII|IIII|IIII|IIII|IIII|IIII|

100 150 200 250 300 350 400
Photon p; [GeV/c]

g_

Data period
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Dominant Systematics: o CDF Run Il Preliminary
- photon fraction at low pT (5%) > B, —8— COF data, L25”
, o L] Y systematic uncertainty
- photon energy scale at high pl (6-15 %). 3 10 " —&— NLO pQCD JETPHOX
& F CTEQS.1M / BFG |l
?—i 1 ;— - HE=I =P
R P = PQ‘.-g-. (corrected for UE contributions)
New CDF result (2.5 fb™) 5 .F .
- extends measured photon p. range .310 E -~ ..
- agreement within systematics 107 .
- shape features at low P, seen at DO and CDF 10*“:— .
- similar feature seen in Run |, UA2, ... inf1<1.0 and is0<2.0 GeV, R=0.4 .
104:_|:_I|IIII|IIII|IIII|IIII|IIII|IIIITIIII
> D @ 51'3:_ L=25 b —#—— Ratio to pQCD NLO JETPHOX
=] B L =380 pb’ - ' systematic uncertain
g 14— " g 1 6_— rttj;elnry clorrecledrtfnrtEJE contributions)
; : PLB 639, '|5'| ('Oé) Run " % - mmeee- CTEQE.1M PDF uncertainties
© B - mmeea- scale dependence
8 1.2 N {i ________________________________ 1L 14] u=0.5p'}zndu=2p}
o :.
't ---+l.|.-l-l-|l--l—- s P — TR S s
- ille I TP s i eieieieteietelel S, AN
sl 'MITITT 7 1 j ! | S e SIS
- L Pmeme B e ke TIPSR
0.6 |- —®— ratio of data to theory 0.8
T F CTEQ6.1M PDF uncertainty B
— scale dependence T [n‘]<1.0 and iso<2.0 GeV, R=0.4
0.4__ (IMR=“F=uf|=O'5p:'a?d2p1) | | ols:l | 11 1 | L1 1 1 | L1 1 | | 111 | | I | | L1 1 | | 11 1 |

o

50 100 150 200

250 300
p; (GeV)

50 100 150 200 250 300 350 400

Photon p; [GeV/c]
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Photon + Jet Production .

Investigate further: add a jetf _ o
_ pT>15 GeV, In T| <0.8,15< In T| <25 Something missing in the theory?
€ je

Triple differential: - higher orders, resummation, ..”?

-in jet n, photon n and photon p. - LHC measurements will be very interesting!
Type 1: y*.y"* >0 ——————— A — i
ot }1.5: Dﬂ |}{et| <08, y" yjet 50 1 4 lyietl <28, YY- y|et Sl 3
v e cal ly'| <1 N 3
w0y o8 R yuo 08 1 g Ry & Ja i * + +l ;
N F st2r e 5 | + } ________ -
E, p S {“ﬂfﬁ?ﬁiﬁLFFﬁfffﬁw"“ .......... — ¥ * ............. I
v 1 o B e B AREE ,) y B iy el e v s s e |
.g F {—+++*++£i """ I } """ - +*f .......... } .
it f+{+} [T .
8 06F ; i J .
S04l F  PLB 666, 2435 (108) .
o t ) ]
Eozl'hm=1?l., iy - ; g 4
- o Y'1<08, y"y™ <0 3 15<* <25 yy" <0
. jet - <08, yy < + S< <25 vy y <
Type 2: y*.y* <0 - k 1
Y Jet
.1.uLLL 0.8 120 I:——F;_,_—‘_Zﬁhgﬁ___“ JlLL*.iL—*—
1F SN et + T yddTES o
ot ----ph--f--r—-~+—-+-+--+": """ S A — }Tfiﬁ
“E i $ 1] l ] I ]
0.6-— I I —=— ratioof datato theory (JETPHOX) -
E [ 2 theor. scale uncertainty 3
L + CTEQ6.5M PDF uncertainty 5
0.4 o, ratio of MRST04 to CTEQ6.5M B
i 55 T . ) i ratio of Alekhin02 to CTEQ6.5M [
dak 7.8l/o |slow-:=raill normlahlzatlon uncpjrtamty. + 1 - . ratiq of Z.EU?’OS. to C.TE.O&SM bl

30 100 200 30 100




Photon + b/c s

4 Gluon splitting contribution ” -
bl e - dominates for high photon p. r I gluon splitting
- important as background elsewhere 8 *
— (=]
blc § | HFsea
g aaf-
N 7 heavy flavour sea contribution : | bJets
- dominates at low phofon pT  Leading Order Simulation
I - LHC: larger contribution over all p. LA A E B
- charm PDF has significant uncertainties

CTEQ Up Quark PDF Uncertainties CTEQ Charm Quark PDF Uncertainties
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%

d’s/(dp/dy'dy ) (pb/GeV)

T

DG, L =1.0fb" °yy*'>0
10 §y+c+x ) "yyT<0
i me NLO QCD
1¢ e CTEQ 6.6M
C _ Y
. ) e Py
b = y+b+X ®-.. S
- e T (x1.0)
10‘3 = |yY| <1.0 ®-.
- Y| <08 '- (x0.3)

20 40 60 80 100 120 140
p; (GeV)

o

b-jet cross section well modeled

Deficit in c-jet at high p.:
- region dominated by gluon splitfing

Increased charm sea models:
- move in direction, but not enough

What will the LHC observe?
- more sensifive To heavy flavour sea

G. Hesketh

Photon + b/c %

Similar analysis to photon + jet:
- ijeT>15 GeV, InjeT|<O.8, |ny|<1

Systematics dominated by flavour fractions
- from template fit to jet lifefime probability

18D, L =107 YI<08  E o yy<o
S16F yijet>O I)j/et|<1.0 = vy+b+X
?31_4:— Y+b+X Py >15GeV ¢
© ol e B L L e
RETSIE NI e : + +i .........................
1 :—-*-QII-'.. e _-_:_:-::.+ samnfammoens b mee s madsnns s
0-8 :_ .................................................. :_ ..........................................................
0.6 - —e— data/theory L
TE CTEQ6.6M PDF uncertainty [
04 mumomen IC BHPS / CTEQ6.6M -
o0 F. =w= ICsealke/CTEQS.6M  F ACC. PRL
f oo Scaleuncertainty ST
= Yy >0 E vy <o
35F -
Y +Cc+X E y+c+X
3r a l
251 -
B
1.5F —“"""""""*'_'I'_'::.".'-'-'-“- ””” el S T i
1 :——F.‘.—f}‘..:—.,.%f—:;::{::—:H}::-..:.:..:..‘..:..:.:..T...‘..I.. .... ;"#:':'*E'E'.'::-...-...:..-.'.'.'-.'.'.':.:.:...'..:.:...‘..:..‘....‘..I..T...' I
0.5F .
40 60 80 100 120 140 40 60 80 100 120 140

p (GeV)






W / Z Production 5 e

proton

Use leptonic (ee, uu) Z decays as probe of QCD
-high @ (~M, or M )
- ~zero backgrounds, right down to p. > (!

- but much lower cross section than photon
antiproton ™



W / Z Production 5 e

Use leptonic (ee, uu) Z decays as probe of QCD
-high @ (~M, or M )
- ~zero backgrounds, right down to p. > (!

- but much lower cross section than photon o
antiproton =

High multiplicity final states: W/Z + jets Wwhoi5)

- main background to top, Higgs. SUSY, ... [ wlight

GDIF Bun II‘ F’relimilnary, L=.2'? fio' ,'DW+charm

pQCD:
- LO W/Z + '| _ é pOr'l'onS po0 SEFEIrc:h fﬂr WH(—>bb) .W+h0tt0m
“NLO W/Z + 1, 2 (work on W+4) =gf;':;n

-
4]
o

Bz jets
.Single top

Event generators:
- LO 2 ->1, 2 + parton shower

—
=]
o

Candidate Events

- PYTHIA, HERWIG Bl Top_pair
- LO 2->N + (vetoed) parton shower g +;T:?115W
- SHERPA, ALPGEN n{‘} 50 100 150 200 250 300 h
- main LHC tools, need to be tuned to datal M(j,j)




W / Z Production oo

proton

Use leptonic (ee, uu) Z decays as probe of QCD
-high @ (~M, or M )
- ~zero backgrounds, right down to p. > (!

- but much lower cross section than photon e~
antiproton ™
High multiplicity final states: W/Z + jets TG
- main background to top, Higgs. SUSY, ... [ W-ight
pQCD: ___CDF Run Il Preliminary, L=2.7 5" {Fw:cham
-LOWY/Z + 1 -6 partons oo ngirch for WH(—bb) |ggw:bottom
-NLO W/Z + 1,2 (work on W+4) 2| —-
Event generators: & 150 Bzes
-LO 2->1, 2 + parton shower S 100 Wsingle_top
- PYTHIA, HERWIG 5 | [l Top_pair
- LO 2->N + (vetoed) parton shower | .
B SHERPA' ALPGEN G{; 50 100 150 200 Eﬁﬂ_tllEEJK&
- main LHC tools, need to be tuned to data! M(j.j)

Experimental issues:
- see E. Nurse for details of W and Z selection

Jets:
- unfolding is the main issue
- some residual sample dependence in JES
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Result using 1 fb', Z»ee channel:

- differential cross section over wide Z p_ range g i D@, 0.98 b’
o 0.08 _
- normallised to inclusive Z cross section RN ResBos
g'_o o6 DY data
B 00
Low Z pT associated with soft ISR é 0.08 L PRL 100 102002 ('08)
- gluon re-summation, eg BLNY parameterisation: '
Q o 0.02_—
Snp(b, Q%) = (g1 + 92 ]JJ[ J + 9193 In(100x;x;)]b I
- S |/ R - s R 1}
Implemented in RESBOS Monte Carlo Ziy* q, (GeV/c)

- extract g, =0.77 £ 0.06
- also use forward Z to test small-x broadening
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Result using 1 fb', Z»ee channel:

- differential cross section over wide Z p, range § I D@, 0.98 b
o 0.08
- normalised to inclusive Z cross section O ResBos
g_o 06 B D@ data
(ol B
Low Z p_ associated with soft ISR: § . 04: PRL 100 102002 ('08)
- gluon re-summation, eg BLNY parameterisation: '
Q ) 0.02[
Snp(b, Q%) = (g1 + 92 ]JJ[ J + 9193 In(100x;x;)]b -
, - S [/ R - S s RT- S T}
Implemented in RESBOS Monte Carlo Zhy* q, (GeVlc)
- extract g, =0.77 £ 0.06 . .
- also use forward Z to fest small-x broadening 8 f P2 098 b
= 1F ° ResBos 3
’gT i Rescaled NNLO t ! {,
. . . 205F LA
Higher p_associated with hard ISR: oL i
- well described by fixed order pQCD 8 O Aol s s v
- NNLO: Melnikov & Petrillo PRD 74, 114017 (06) o
: -1 (b)
Z p_ also very useful for generator tuning! R N
1 10 10°

- DO re-weight simulation to these data. ZIy* q.(GeVrc)
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-

1/c do / dp

Ratio to Perugia Tune

o
o

0.08

0.06

0.04

0.02

0.5

Generator Tuning

D& Run I — Data

— Tune A
— Tune QW

—— Perugia Tune

— HERWIG

D& Run I

5 10 15 20 25 30 35 40 45 50
ps/ GeV

Important distribution for generator tfuning:
- Tune A: CDF min-bias data
- Tune QW: added CDF Run | Z pT. DO di-jet A¢
- Perugia tune: includes this distribution
- and uses new pT-ordered shower

DO re-weight Monte Carlo to these data.



Generator Tuning

~p 04 DS Run |l — Data Important distribution for generator tuning:
?é i C Tune A - Tune A: CDF min-bias data
X 008 i QW - Tune QW: added CDF Run | Z pT. DO di-jet A¢p
- e - Perugia tune: includes this distribution
i — Perugia Tune - and uses new pT-ordered shower
0.06 I — HERWIG
i DO re-weight Monte Carlo to these data.
0.04 —
- Adding ALPGEN (dashed lines):
0.02 |— - improves descripfion at high p,
- - further tuning still possible
Ao by bovw s b by v by by vy By o PO T S S S S S S S S S S S S S S S S S S S S S
2 D@ Run |l & 2 D@ Run i
s 20 =
o . e GALTITR
2 = e T et
E? E -I-_'Tt-:l;‘l" .........
S S U [ o N
o 1 o L At N D I B
& &
- -______-""a-
] | —— Tune QW
------ ALP+Tune QW
0.5 | 05 .
----- ALP+Perugia
) - — HERWIG
SR TR TN TN | ot ALPAHERWIG ]
0 5 1 0 15 20 25 30 35 40 45 50 0 50 100 150 200 250

P2/ GeV pZ/ GeV
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------------------------
? """""""" Hadronic Recoil

New variable avoids detector resolution issues )
-a_=p_transverse to Z thrust axis. =
(7]
- preliminary detector-level result e and y channels £
c
Ll

IIl|IIIIIII|III|III|

DO Preliminary 2fb" +Data

16
14
12
10

O N &~ O O

D@ Preliminary 2fb™ + Data

III|III|III|III|III|III|III|III|II"I | | | L 11 l 111 | 111 | 11 I|

o

2 4 6 8 10 12 14 16 18 2

a; (GeV)



Z Boson o 4((;). Hesketh

8 10 ) 3 L B AN B B B B .
. A q’ﬁll pgg) - D@ Preliminary 2fb™ +Data -

z 5 o0 % °F [z - uu =

----------------------------- * e -

(1) s & L 5

by E L .
--------------- c L ]

e Hadronic Recoil - - c ]

, 20 ]
1;;_:":"':"'I"'{"'::"!"':'":"':"'::_i

New variable avoids detector resolution issues o ue E
. o 12 —_

- A, = p, fransverse fo Z thrust axis. % 10t E
- preliminary detector-level result e and y channels £ 28F E
c 61— —_

(1] - -

- o= E

Extract g, o E

- generate RESBOS samples with various g, values e S T T R PR TS TR T

- reweight full detector simulation, fit to data 07 o T ,,,alT, (cf"e\f)
0_05:_ ResBos — g,=0.54 GeV? E

g, =0.63 + 0.02 (exp.) = 0.04 (PDF) ~ g

2 0.05F —g,=0.82GeV?>

S ]

- statistics limited! < E E
- Best single measurement, comparable ‘E 003 E
accuracy to world average: 0.68 % (CTEQ3) & oo =
- Fully unfolded a_distribution soon 001 E
- new calculations also available N L P LR I I
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CDF Z+jets analysis: 10° = CDF Run Il Preliminary 1
: — = —— CDFData L=25f
- /~»>ee channel, jet pT >30, lyl <2.1 © 4 FZi"(>e’e) +21 jet inclusive (x20) ] Systematic uncertainties
, , S . 2 10 - —&— NLO MCFM CTEQ6.1M
- Differential cross section in jet o & S -, Corrected o hadron level
. = andtl —- 2= ME + p2(Z), R, =1.3
-Z+21and Z + =2 jet events g 10 I RPN
NLO matches data, within uncertainties Br 402 ° -~ PDF uncertainties
1065 COF Run Il Preliminary 2 OE Tt :
- E —& CDF Data L=25" T 10 — =
ﬁ C Systematic uncertainties E ——
:; - 5~ NLO MCFM CTEQS.1M 1C . ¥
0 104__ corrected to hadron level =
*T = ® W= M+ p(2), Roep=1-3 10" — Zlv*(—e'e) + =2 jets inclusive
= - S NLO scale i = 2, ;= /2 = :8:
N L - - - NLO PDF uncertainties E L
X a3 LO MCFM hadron level =
f)'-:' 10 = . - ' g‘ 1:gg_zxy*{—>e*e-j+g1 jet inclusive
: ) o 1.2E
g+ = 115
102 S oaE
= ‘ ] . g_
PRL 100, 102001 ('08) i o ggg—
Updated to 2.5 fio™ 06E
180 | | 188 | |
3 C e 1.53—2, *(—e'e’) + 22 jets inclusive
SA6E S 4 gE ZrosTe)+ 22jets inclusiv
9 14F S - 1.2F
§ g P o
o 1.2 T 0.8F
1: | | | D 0-6;_
1 2 3 0.4




d Gy

|d p_(17jet)

1

DO measurement of 1%, 2"¥ and 3" jet pT in Z events:
-Z»ee, jetp >20GeV, jet lyl<2.5.

- normalize to inclusive Z production (cancel some uncertainties)
Carry out extensive event generator comparisons

[1/GeV]

T

x
|

| GZ,fV‘

Ratio to MCFM NLO

—
o
&

ho
o

13

o

<
3

Leading jetinZ + jet + X  Subm. fo PLB
DO Run I, L=1.04 fo''| —#= Data at particle level =+ Data == PYTHIA SO
| — MCFM NLO == HFRWIG+JIMMY —-=Scale unc.
50 == PYTHIA QW
') - (C) — Scale unc.
Z15
E -
\ E‘, [
Zly (—>ee)+1jet+X‘| S10
65 < M,, < 115 GeV| e [
E Incl. in pj/ye| o L
E Rene =05y <25| ¢t
E, . 1 . i 05 .
== Data == Data SHERPA
= MCFM NLO == MCFM LO == Al PGEN+PYTHIA -Scale unc.
— — Scale unc. —=— Scale unc. 20 = ——Scale unc.
() M
— z15F (d) .
I I/ - sl o — =1 —F g
- %ﬁ— %1_0 | L";j—‘{ —i_ i— }r
[ e TN m———t—— [ N T S— s e
| e o [ mmmemn Ty
’ T g | L
_I 1 1 1 1 1 L1 I 1 1 05 _I 1 1 1 1 1 L1 I 1 1
20 30 40 50 100 200 300 20 30 40 50 100 200 300

p, (1 jet) [GeV]

p. (1 jet) [GeV]
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Parton Shower
- PYTHIA &? ordered
- PYTHIA p_ ordered

- HERWIG

Matched ME + PS

- ALPGEN+ PYTHIA (@)

- SHERPA 1.1.1, old tune
- new fune better!
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Including the higher order matrix elements pays off for second, third jet
Treating the scale as a tuneable parameter:
- ALPGEN and SHERPA can describe data for all three jets.

Leading Jet Second Jet Third Jet
=+ Data == PYTHIA SO =+ Data =:=PYTHIA SO =+ Data == PYTHIA SO
== HERWIG+JIMMY  —--Scale unc. ==HERWIG+JIMMY  —-=Scale unc. ==HERWIG+JIMMY  —--Scale unc.
20 === PYTHIA QW L === PYTHIA QW == PYTHIA QW
o FDORun I, L=1.04 fo! — Scale unc. Q 23E°D0 Run II, L=1.04 fty" — Scale unc. Q e,.oE DO Run |1, L=1.04 b Scale unc.
| L Z=VE
Z15 215:_ EZ'O=
= L S 15F
S10f =10 o 10F
e [ 2 f 5 &
i o - = -
I = B -
05 mn 1 1 1 L1 1 1 L L 1 1 1 1 1 1
=+ Data === SHERPA =+ Data === SHERPA == Data === SHERPA
== ALPGEN+PYTHIA Scale unc. == ALPGEN+PYTHIA Scale unc. == ALPGEN+PYTHIA -Scale unc.
2.0 = —-Scale unc. 025k Scale unc. o —= Scale unc.
LE) E g) 1 E— L—w-i'——fi'..—,r_ o e e e (2) 1'55_ L»TTTf.ff,T{;:—"::.;“-?
S1.0F or o 0B
49 i 9 - ----_-_-—--—-— (o] n -------------—-
B 2 - e 5 i —_——
.% . g 05 TS~ T 0'5__ ————————————
m i B T -
0.5 5 ] R R T B ] 1 ul 1 1 L 1 1 1 1 1 1
20 30 40 50 100 200 300 20 30 40 50 60 100 200 20 30 40 50 60

o (1% jet) [GeV] p, (2" et) [GeV] 0. (3“jet) [GeV]
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Take a more detailed look at Z(» uu) + =1 jet
- Z p, < 20 GeV significant contributions from underlying event / MPI

- not described by fixed order calculation
- Leading jet rapidity too narrow in ALPGEN

Zp inZ+jet+X PLB 669, 278 ('08)

= DZ Run II, L=1.0 fo < ~+- Data == PYTHIA Tune P
3 ~+-Data o = HERWIG+JIMMY = = PYTHIA Tune QW
= &l = NLO pQCD + corr. Tz 2f
[ _:
g10°F - - SHERPA °
o et &
-Q | I
" 104 = "i
- 1 N
b
~~
[ 65<M,,<115GeV, |y|<1.7 Teell
10°F et et 0.71
F Reone=0.5, p- >20GeV, |y*| <28
_|.|I.|.I...IT..I...I...I...I...I.||I||\ e Vo s Vs by Ve s b by s b s by by
—+- Data —+4- Data == ALP+PY Tune P
— NLOpach - -Lopach — ALP+HER = = ALP+PY Tune QW

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

Ratio to SHERPA
no

Ratio to SHERPA
n

0.7} Semm—me-- 0.7}

0 | Ll 1 | L1l I L1l | Ll | L1l I L1l I Ll 1 | Ll I Ll T | L1l | Ll I Ll | Ll 1 | L1l I Ll | Ll 1 | Ll I Ll
0O 20 40 60 80 100 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200
p_Zr (GeV) p_Zr(GeV)
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Take a more detailed look at Z(» uu) + =1 jet
- Z p, < 20 GeV significant contributions from underlying event / MPI

- not described by fixed order calculation
- Leading jet rapidity too narrow in ALPGEN

Z p,in Z+jet+X PLB 669, 278 ('08) Leading jet y
< D@ Run Il, L=1.0 fb’ < —4- Data == PYTHIA Tune P < —+- Data ==PYTHIA Tune P
e ~+ Data o ~ HERWIG+JIMMY = = PYTHIA Tune QW i — HERWIG+JIMMY = = PYTHIA Tune QW
- —_— T I
= 'if NLO pQCD + corr. 5 2F 5
S 10°F = + SHERPA i e
& Fa 2 2
% % &
0 7
10 S
- 1— “~ :I: 1_
b
ﬁ“ -
[ 65 <M< 115 GeV, 17 I Te.el,
1ok < Whyp< o < ! 07k - o7k
F Reone=0.5, p- >20GeV, |y*| <28
_|.|I.|.I...IT..I...I...I...I...I...I..\ Fe o o 1w o by e s by s b s by s by b 1o o 1y ey TR ST ST S SR T ST S SR R R S ST BT TS R
= —+ Data g —+-Data == ALP+PY Tune P o ~+- Data == ALP+PY Tune P
o — - - o o
L] NLO pQCD LO pQCD m — ALP+HER = = ALP+PY Tune QW m — ALP+HER = = ALP+PY Tune QW
I ol — Scale & PDF unc. - - Scale & PDF unc. I of I of
[9p} w w
ie) ie) % ie)
o 0 o
5 5 %»%«l% 5
o o oy o
Yo, ;i
" "I_|_§.._--'-- -1
1_K/\\-I _____ ~
| ~
~. -------
0.7 T = 0.7 0.7
_III|III|IIIIIIIlIIIlIIIIIIIIIII|III|II\ _IlllIII|III|III|III|IIII\IIlIIIlII\IIII _IIII|IIIIIIIII‘IIIIIIIIIIII
0 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200 0 0.5 1 1.5 2 25
P2 (GeV) pZ (GeV) "




G. Hesketh

jet
A¢ (Z, jet) sensitive to additional radiation ag
- low A¢ very sensitive to multi jet, underlying event X

A¢ (Z, leading jet)

= - DZ Run Il Preliminary, L=1.0 fb" e I | - Data == PYTHIA Tune P
g | +Daa @ 3f == HERWIG+JIMMY = =PYTHIA Tune QW
< 19 — NLO pQCD + corr. s
S [ --SHERPA o 2
(] o]
5102 ko
g F ¢
EN B R4 1
~ -
10 E 'f -
- O‘. 07:
B 5 65<M,<115GeV i
10 3 1¥'1< 1.7, 62> 25 GeV 05k
- Reone=0.5, P~ > 20 GeV, |y™|<2.8 i
:....I....I....IT...I\...I....I. _....I..\.....I PR | |
< -+ Data < -4 Data == ALP+PY Tune P
E - — - - E -
T NLO pQCD LOpQCD i °[ = ALP+HER - = ALP+PY Tune QW
% — Scale & PDF unc. - - Scale & PDF unc. %
=] - [o] -
5 P s ° T
& :I: |—I—| FEHE & :I: |—I—| HEHE
1 / -’ r B R 44
i '— s T e e e Emm= -"
0.7f e , 0.7f -- --
| o - o
’ //
0.5F Ky 0.5F
= ! =
PRI B BRI BT SR P I e Ve e b e
0 05 1 15 2 25 3 0 05 1 15 2 25 3

Ap(Z, jet) (rad) Ao(Z, jet) (rad)



/6, do,,./dAd (1/rad)

—y
Q
(5]
IIIIIII

Ratio to SHERPA

A¢ (£, jet) sensitive to additional radiation
- low A¢ very sensitive to multi jet, underlying event

A¢ (Z, leading jet)

D& Run Il Preliminary, L=1.0 fb!
-+ Data

== NLO pQCD + corr.

= « SHERPA

]
&

[ ]
)

_.

<
o
I

57 | 65<M,<115GeV

Iy < 1.7, p > 25 GeV

Rcone=0.5, P]:t>20 GeV, |¢et| <2.8
L M B I

—+— Data
— NLO pQCD
— Scale & PDF unc.

i

= = O pQCD
— — Scale & PDF unc.

0.7

0.5

P

N IR B R AP AT APRTETErES BT

I2.5I 3
Ap(Z, jet) (rad)

Ratio to SHERPA

Ratio to SHERPA

0.7

0.5

0.7

0.5

[ —4-Data == PYTHIA Tune P
| HERWIG+JIMMY = = PYTHIA Tune QW

METETE
—4- Data
[ = ALP+HER

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

J*

\".
L. e imm e '-'-I-l-l-|-|—" 4
B (4
- [ 4
---------_-’
[ PRI USRS S BTN S NSNS S S ST NS S S S N
0 0.5 1 1.5 2 2.5 3

Ao(Z, jet) (rad)

bl

jet

G. Hesketh

Ratio to SHERPA

Ratio to SHERPA

—4- Data == PYTHIA Tune P
== HERWIG+JIMMY = =PYTHIA Tune QW
0.7F
I AT EEPETETE APAPETErS P ITE AP AP AT ITEPEr AT APAPETArE A
-4 Data == ALP+PY Tune P
= ALP+HER = = ALP+PY Tune QW
2,
= "I‘I—I—|
1 ""'H-.. '-I----"'--
0.7
R | ' | T T T P
0 05 1 15 2 25 3 35 4 45

Ay (Z, leading jet)

Ay (Z, jet)




/6, do,,./dAd (1/rad)

Ratio to SHERPA

A

0.5

- generators improve with new tunes: SHERPA 1.1.3,
¢ Z, je PYTHIA “perugia”, ALPGEN+PYTHIA (P, ordered)
low A¢ - need ME+PS (ALPGEN/SHERPA) beyond 1* jet
- ALPGEN performs best for ps,
- SHERPA performs best for angles ot
- No generator describes all data ng jeh)
F D Run Il § -+« PYTHIA Tune P
" 4 Data "I & 3} —HERWIGHIMMY = =PYTHIA Tune QW i — HERWIG+JIMMY = = PYTHIA Tune QW
E — NLO pQCD + corr. L I
- - . SHERPA 2 2 2
3 g g
;— f" i
B 7 G5 <M< 115GeV i
3 1< 17,p2>25GeV 0.5F o7l
- Reone=0.5, Pl >20 GeV, |y| < 2.8 I '
|+ Data < | 4paa == ALP+PY Tune P T -4 Data == ALP+PY Tune P
- — NLOPpQCD - -LOpQCD L 3[ = ALP+HER = = ALP+PY Tune QW i — ALP+HER = = ALP+PY Tune QW
— Scale & PDF unc. — —Scale & PDF unc. % % of
I : .g I I ! -g
|—I—| © |—I—| © : $
=i S et I e PYS Shis o
- 1 e P N B T
/e"/ i S —— _../‘ 1_1"*"'-._ :":':-:.
Kjl’ ’// 0.7: = = B -"-..-.-
':‘/’/ 0.5 0.7t
B TR B v Ry 005 175 2 25 3 s T W YR Y-y

That's a lot of MC curves... Emerging picture:
- NLO performs well (where available)
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Ap(Z, jet) (rad)

Ao(Z, jet) (rad)

Ay (Z, jet)
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(d.s.b)
Probe strange PDF at high @* (~M )
Background fo top, Higgs, SUSY
Strategy:
- select high pT e, u & soft lepton tagged jet -
- for W+c, opposite sign (OS) > same sign (SS) 90999999 \ Ch e ation

- multijet, DY, W+bb/cc, OS~SS
- count N(OS) - N(SS)

Soft lepton tagging (SLT
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(d,s.b)
Probe strange PDF at high @* (~M )
Background fo top, Higgs, SUSY
Strategy:
- select high pT e, u & soft lepton tagged jet -
- for W+c, opposite sign (OS) > same sign (SS) 90999999 \ Charge correlation

- multijet, DY, W+bb/cc, OS~SS
- count N(OS) - N(SS)

Good agreement between NLO & data:
O w. - BR=9.8 £ 2.8 (stat) 71¢ (syst) pb

L1144 _ _
NLO pQCD:  11.0 735 pb W+c / W+jets agrees with ALPGEN+PYTHIA
0.2
§140 ® Data (~1.8fb ) 0.18 1 531 fo!
[ We 0.16 |
8120 + m W+LF 014 Alpgen (v2.05) + Pythia (v6.323)
<100 3 Other 8012t |
< PRL 100, 091803 (08) =2 0 HiL PLB 666, 23 (108)
o -3 E
c overflow bin %%0.08‘ \ \
[ab] 0.06 —
T T
% 0.02
) 0051165225335445 T o 1(|>2
O SLT muon pp ., [GeV/c] letp, [GeV]



W/Z+Dbjets i

W:e, up,>20GeV, Inl<ll, MET > 20 GeV
Z:e, up.>18GeV, Inl<ll, 66 <M <116 GeV
Jets: ET>2O, Inl<2 (lInl<1.5forZ analysis)

b-fraction based on template fits to vertex mass:
- ultra-tight: ~ 70 % b-jets (W)
- tight operating point: ~40 % b-jets ()

||||||||||||||||||||||

. Jets/0.1 Gevic?

b-shape, tagging e
and luminosity

:

o =2.78 = 0.27 (staf) £ 0.42 (syst) pb

W(EIv)+b

ALPGEN: 0.78 pb; No NLO prediction yet

3 3.5 4 V 45 2
M, (GeVic?)
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b= 71.3+ 47(stat) - 6.4(syst) %) Ef[ [Ge'q']

c= 159 = 5.5(stat) %

W:e. up >20GeV, Inl<l.1, MET > 20 GeV £ ore e e
Z:e,up >18GeV, Inl<ll, 66 <M <116 GeV 8 sl [TV o cOFDa
- — PYTHIA incl.
Jets: E>20, In1<2 (Inl<1.5forZ analysis) @”‘”f_ ﬁfmﬁ:‘“ —— ALPGEN
. , 2 012 D ]
b-fraction based on template fifs fo vertex mass: = Egiﬂ e ]
' : A= —_— +Had Corr
- ultra-tight: ~ 70 % b-jets (W) v :
- tight operating point: ~40 % b-jets () £ p— -
L 0.06— -
\ Vertex Mass Fit | l:'b- - Subm. 1o PRD E
By T P ==
§“°:_ ‘ + —— bottom contribution 0.02:— -
%so:— H - Summedcontuton %' - '3|u' - 'mlul B '5|u' ~8 70 8 9.0 _ 10

LF = 12.6 + 3.5(stat) %
KS Prob = 84.8 %

o b-shape, fagging e «10? Z+ b jet. CDF RUN Il Preliminary
2°§ Clﬂd Ium|nOS|Ty % 5:— Vs=1.96 TeV e CDFData —:
| T L L-20" _ ovThaing ]
TR Geviey) L g U Ermi?:e ' APCEN .
0o = 278 + 0.27 (stah) £ 0.42 (sysh) pb ° E Moo
ALPGEN: 0.78 pb; No NLO prediction yet : -
T ]
Z+b: agreement with NLO i ]
Factor of 2 difference ALPGEN < PYTHIA I3 E
First differential distributions available: of . s |

1 2

- b-jet pT, b-jetn, Z pT, # jets, # b-jets Number of b jets



Conclusions

Many Interesting QCD results from the Tevatron!

Underlying event: how will the models scale to LHC?

Jets:
- unprecedented jet energy scale precision: 1-3 %
- expect Tevatron results fo dominate high-x gluon for some tfime
- NO signs of new inferactions yet...
Photons:
- inclusive and photon+jet: missing component of theory?
- photon + b/c: charm sea or gluon splitting problem?
W/Z+jets:

- range of differential cross sections:
- p, of 19,27, 3%jet; 1¥jet lyl,Z o, lyl (=1jets); A¢p, Ay.y,___ (Z 1° jet)

- compare pQCD predictions, and the current best V + jet(s) event generators
- tuning needed to describe the data: must be fixed for LHC (& Tevatron!)

W / Z + heavy flavour:
- first differential Z + b-jet distributions now available
- need more data, and resolution to theory issues
- hear more in the Higgs session!



\anks, that's alll
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