Physics at Hadron Colliders

Part 2

Standard Model Physics

Test of Quantum Chromodynamics
- Jet production
- W/Z production
- Production of Top quarks

Precision measurements
- W mass
- Top-quark mass
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QCD processes at hadron colliders

* Hard scattering processes are dominated
by QCD jet production

* Originating from quark-quark, quark-gluon and
gluon-gluon scattering

* Due to fragmentation of quarks and gluons in
final state hadrons
— Jets with large transverse momentum P
in the detector

» Cross sections can be calculated in
QCD (perturbation theory)

>mu< E %ﬁ(‘: g Comparison between experimental data and

theoretical predictions constitutes an important

%_5 :g }mé ::i test of the theory.

Deviations? — Problem in the experiment ?
Problem in the theory (QCD) ?
New Physics, e.g. quark substructure ?
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A two jet event at the Tevatron (CDF)

Dijet Mass = 1364 GeV/c?

E; =666 GeV
n= 043

il

e i

g
pd

CDF (¢-r view)

E; =633 GeV
n =-0.19
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A two jet event in the D@ experiment

M; = 838 GeV/c?
p;(1) =432 GeVic
p1(2) = 396 GeVi/c
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Test of QCD Jet production

Inclusive Jet Cross Section

: «+D@ Runll Data, L_, = 34 pb’

3 Er™
E —NLO CTEQ6M, R, = 1.3, i =t =—
_ Cone Algorithm

B R.ore =0.7
In|<0.5

= —_—

" DO Run Il preliminary ;
—l—IIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

100 150 200 250 300 350 400 450 500 550

Jet Transverse Momentum [GeV / c]

Data from the DG experiment
(Run II)

Inclusive Jet spectrum as a function
of Jet-P-

very good agreement over many
orders of magnitude !

within the large theoretical and
experimental uncertainties
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Similar data from the CDF experiment

CDF Run II Preliminary

K; D=0.7
Data

Systematic uncertainties
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Double differential distributions in Prand n

Quark/Gluon Contributions to Cress Sction

Leading Order QCD (MRS0?)
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contributions of the various
sub-processes to the inclusive
jet cross section



Main experimental systematic uncertainty: Jet Energy Scale

A Jetis NOT a well defined object (fragmentation, detector response)
- one needs an algorithm to define a jet, to measure its energy
(e.g., a cone around a local energy maximum in the calorimeter, cone size
adapted such that a large fraction of jet energy is collected,
typical values: AR =+ A®2 + An2=0.7

« Cone energy # parton energy o ! l

Main corrections:
— In general, calorimeters show different response to electrons/photons and
hadrons (see lectures on detector physics)

— Subtraction of offset energy not originating from the hard scattering

(inside the same collision or pile-up contributions, use minimum bias data to
extract this)

— Correction for jet energy out of cone

(corrected with jet data + Monte Carlo simulations)
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Main experimental systematic uncertainty: Jet Energy Scale

0.8

%1'6 Jet Response vs Jet Energy (R = 0.7 Cone) Jet response CorreCtion in D@
4 ®* measure response of particles
I making up the jet
1.2
: * use photon + jet data - calibrate
1 jets against the better calibrated
I % photon energy

o R S O B
DO Run Il Preliminary
- | |
04 50 100 150 200 250
E (GeV)
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Comparison with Theory

— Fully corrected inclusive jet cross section

Inclusive Jet Cross Section ZEUS
S2.5- o AT T T
2 [ DO Runll preliminary Q =10 GeV
oL I —— ZEUS-O (prel.) 94-00
3 2__ NLO QCD 0.8 - 2] uncorrelated uncertainty B
g : ( J ETR AD) \ [ ] correlated uncertainty xu,
1.5: CTEQ6M 5ol A RSt oo !
i EMmax " 8 3
T
I Rsep = 1.3, Ug = U =

2

04

xg (< 0.05)

|

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIII 0
. 100 150 200 250 300 350 400 450 500 550

Jet Transverse Momentum [GeV / c]

Systematic uncertainties: - jet energy scale (red band)
- parton density functions
- theory: renormalization scale
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Di-jet anqular distributions:

* reduced sensitivity to Jet energy scale
* sensitive to higher order QCD corrections

D&
Py = 180 Ged [=B000)

130 < py™ < 180 Gev (x400)
100 <« p™ < 130 GeV [=20)
75 < pf™ < 100 Gev

DO

Py > 180 GeV

Data / NLO Theory

1,y depandenoe
= PFDOF uncarlainty

130 < pr < 160 Galf

| I T T | I

1 j:nniu—uﬁﬂhnﬂ
: 1uu-iur"“'qlsn-|3w

: — NLD s MNLOWET ++ (CTECS, 1M]
J ---- LD 2 F
2 : ] T —
0 ¢ MNLOJET++ (CTEQE.1M) ) r— __F;,—.-ﬁ.;ntﬂ.._
.1f p,:;n,:n:i-pr““‘ F | 75 < o™ < 100 GeV
2 Imi4 n a7 Jm'4 .

A iy (rad) A 4y (rad)

Good agreement with
Next-to-leading order QCD-predictions
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Test of W and Z production

Number of detected W-bosons:

107g
€ mUAL(lc)  UAL(muon) MLEPII (total)
9 10 3
% 1050 BMUA2 (elec) MCDF (muon)
§ 10 47 CDF (elec) MED@ (muon)
- P /
g 103? Dd (elec) q L
g, -
2 7 - Q¢ VD
P 20,
82-83 | 84-85 | 88-90 | 92-93 | 94-99
Years of Collider Runs (SPS, Tevatron and LEP ) Dre”'Yan prOdUCtion prOCGSS
(leading order)
Tevatron: expected rates for 2 fb': 3MioW— tv events
LHC: expected rates for 10 fb: 60 MioW — v events
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How do W and Z events look like ?

As explained, leptons, photons and missing transverse energy are key
signatures at hadron colliders

— Search for leptonic decays: W — €v  (large P;(?), large P Miss)
Z — 228

A bit of history: one of the first W events seen;
UAZ2 experiment

WI/Z discovery by the UA1 and UA2 experiments at CERN
(1983/84)

K. Jakobs, Universitat Freiburg CERN Summer Student Lectures, Aug. 2006



2GeV

per

Events

CDF Run Il Preliminary, 72pb 1

-]
e
(=]
=)

[-/] ~]
(=] [=]
(-] [—]
.2

5000

4000,

3000,

2000

10007

%

missing transverse momentum P,™iss (GeV/c)

Entries 93870

« DATA
O Sum
W-_—sev MC
B Cut Z—ee MC
O W—tv MC
0O acb

10 20 30 40 50 60 70 80 90 100

Today’'s W/Z — ev/ ee signals

Trigger:

» Electron candidate > 20 GeV/c

Electrons

* Isolated el.magn. cluster in the calorimeter
* P;> 25 GeV/c

» Shower shape consistent with expectation for electrons
* Matched with tracks

Z-> ee
* 70 GeV/c2 <m_, < 110 GeV/c?

W - ev

* Missing transverse momentum > 25 GeV/c
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Entries / 3 GeV

7oof—
- 6126 events
600
- _ -1 candidate events
s JL =117 pb
C —— monte carlo
wof. MI<18
. — background
300
2003—
100 f—
0_ L ols PPN G |
0 50 100 150 200
M- (GeV)

Z— 2@ cross sections

DY Run Il Preliminary

Tevatron Z — I' I cross section measurements

CDF'04 (e) - 255.8+39+35+154pb
CDF'04 () . 2480459437+ 149 pb
CDF'04 (e+y) - 253.9+3.3+46+152pb
CDF'04 (1) ——— 242+48.0+26+15pb
{preliminary)
D004 (e) —— 264.9+39+499+17.2pb
{preliminary)
DO'04 (1) —e— 291.3+3.0+69+188pb
{preliminary)
D0O'04 (1) —e—  252+16+19+17pb

0 500

o x B, pb

Good agreement with

NNLO QCD calculations
C.R.Hamberg et al, Nucl. Phys. B359 (1991) 343.

Precision is limited by systematic effects
(uncertainties on luminosity, parton densities,...)



Events / 2 GeV/c?

W - v Cross Section

CDF Run Il Preliminary, 7"2pb'1

3000
#h . 37584 W e v Candidates|
4 [
2500] # w [JSum i
b W evMC i
* [ acop :
2000 i ¥ JwWocvMC i

rC
i'» Zly s eeMC I
1500/ p'; = L
P
1000/ P o i
. A
500/ L L
1% .
l.-'-.
0= o . = et .
20 40 60 80 100 120 140
2

M, (GeVic)

My, =2-P' P -(1-cos Ag" )

Note: the longitudinal component of the
neutrino cannot be measured
— only transverse mass can be reconstructed

Tevatron W — | v cross section measurements

CDF'04 (u) —— 2768+ 16+ 5 + 166 pb
CDF'04 (e) —-— 2780+ 14 + 55+ 167 pb
CDF'04 (e+u) —.— 2780+ 14 + £+ 167 pb
CDF'04 (e, plug) —e— 2784+ 34+ 167+ 172 pb
(preliminary)

CDF'03() — 2620+ 70+ 210 + 160 pb
(preliminary)

D004 (e) —. 2865+ 8+ 75+ 186 pb
(preliminakyy

P03 (u) ——e——  3226+128+100+322 pb
preliminal

1000 3500 6000
/ o x B, pb

Good agreement with

NNLO QCD calculations
C.R.Hamberg et al, Nucl. Phys. B359 (1991) 343.

Precision is limited by systematic effects
(uncertainties on luminosity, parton densities,...)
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Comparison between measured W/Z

cross sections and theoretical prediction (QCD)

CDF and D@ Run 2 Preliminary

10

Oz X Br(pb)

10°

L - A

pE—)W+X%IV+X

pp > Z+X > Il +X

D@i(e) Run2
CDF{e) Run2
D@i(e)
CDF{e)

UA1

D&i{) Run2
CDF(p) Run2
DB(u)
CDF(y)

UA2

1

Center of Mass Energy (TeV)

- CDF and D@ Run Il Preliminary

3.5
r pp— WX Iv +X <
= 1
i T_I:!L_
g 11l
Eoasf L — [
— F T 1
@ It
;g 2 |
L mOOe) DDy
[ Runll CDFle) 1 CDF(
15— COF
N Runl mOGie) ® D3y
L OCDF{e) 2 CDF{ )
T ST BTN BRI BN B |
1.75 1.8 1.85 1.9 1.95 2

Center of Mass Energy (TeV)

CDF and D@ Runll Preliminary

— pp—Z+X =1 X

«Dd(e) ® D0{u)
N Runll WDO(r} & CDF{u)
— ACDFie} B CDFiz)

“D0e) O DOu)

Runl

ACDFie) [ CDF()
Ll [ |

L1 T I A 1 I I
7 175 18 185 19 185 2 2.05

Center of Mass Energy (TeV)

C. R. Hamberg, W.L. van Neerven and T. Matsuura, Nucl. Phys. B359 (1991) 343
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Nr. of Events

Data / SHERPA

10°
10°

10°
10

N R

—_—

0.2

QCD Test in W/Z + jet production

PR R
O\"Mg

data wistat error

*—_ __DO Runll Preliminary | =, bt
[E==1 Sherpa range stat & sys
$ ] 3 3 2 5 6
Jet Multiplicity
T { i
r | 1
0 1 2 3 4 5 6

Jet Multiplicity

3
>10E —y
e D@ Run Il Preliminary
o [ % 21y (~ ') + 2 n jets, 343 pb”
2 WL " Jets: p; > 20 GeV, n| < 2.5
$ E R '+,+ + Data (errors: stat)
wr T e ALPGEN+PYTHIA MC
L
L ¥ CTEQSL
nE T & TN s
Lo T, Z+1jet
- T | Z#2jets ~
-Z + 3 jdts
10_1 I 1 1 | | I 1 1 | | I 1 1 | | 111 | I I 1 1 | | | I I |
0 50 10 150 200 250 _ 300

Jet p, (GeV

Compare # of W/Z + n jet events

(data versus QCD Monte Carlo Models

-SHERPA, ALPGEN-)
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Top Quark Physics

* Discovered by CDF and D@ collaborations
at the Tevatron in 1995

* Run | top physics results are consistent with
the Standard Model

(Errors dominated by statistics)

* Run |l top physics program will take full
advantage of higher statistics
- Better precision

- Search for deviations from Standard Model
expectations

K. Jakobs, Universitat Freiburg
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Why is Top-Quark so important ?

EPTONS
Flection Newtrine | Muon Neutine | Tou Neutrino
Moss ~0 -0 -0
| e | @
Flection Muon Tou

511 105.7 1777

QUARK

v

-
Up Chesrn
Mass: 5 1500

160

« The top quark may serve as a window to New Physics related to the electroweak
symmetry breaking; 1
Why is its Yukawa coupling ~ 1 27 M, :ﬁﬁﬂf'

M

t

:> R’i‘ = - ¢ 2
173.9 GeV/c*

* We still know little about the properties of the top quark:
mass, spin, charge, lifetime, decay properties (rare decays), gauge couplings,
Yukawa coupling,...



Top Quark Production

Pair production: qq and gg-fusion Electroweak production of single top-quarks
g . (Drell-Yan and Wg-fusion)
>w< q t J J
g i >V\n< q wo T+ q W: !
w* . Rl §
&99999—<— b )
g*‘:ijif q*‘:i}<f .a§w<f 7 7 g g
Runl| | Runll LHC Runl | Runll LHC
1.8 1.96 | 14 TeV 1.8 1.96 | 14 TeV
TeV TeV TeV TeV
qq 90% 85% 5% o (qq) (pb) | 0.7 0.9 10
gg 10% 15% 95% o (gW) (pb) | 1.7 2.4 250
s (pb) 5pb | 7pb | 600 pb c (gb) (pb) | 0.07 | 0.1 60
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Top Quark Decays

BR (t—)Wb) ~100% ¢ Decay Channhels

Both W’s decay via W— {v (f=e or u; 5%) alljots 44%

dilepton channel

4 Tiiets 15%

One W decays via W—lv (I=e or pn; 30%) o

lepton + jet channel o 2
Tt 20

4!
vﬁi’ﬂ utjats 15%

Both W’s decay via W—qq (44%) et
all hadronic, not very useful

erjots 159

Important experimental signatures: : - Lepton(s)

- Missing transverse momentum

- b-jet(s)
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pr(e) = 20.3 GeV/c?
pr(n) = 58.1 GeV/c?
E-/=141.0,55.2 GeV




tt cross section (dilepton) |

2 high-p; isolated leptons

Large missing E;,

> 2 jets

L=230 pb-" hep-ex/0505082
=20F
qj.ls:_ - DO data
. f T (0,=7 pb
L-E.'B:_ - tt (04=7 pb)
014:_ - Fake leptons
@ F ] wwwz
-212_— —
310F T
= r

8

6 &

4

2

- | |
9 o 1 2

Jet multiplicity

Events

CDF Run Il preliminary (750 pb'1) :

180 5 —a— Data
1 i WU Bkgd + o uncertainty
60 [CJti==83pn)
140} o vz
=30
200 e

80
60
40
20

0 jet 1 jet >2jet HT>200 +0S
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut



A CDF Lepton + Jet event
L

— CDF Il Preliminary - me'*" = 178.9 GeV/c’

top

me'*" = 94.9 GeV/c’

w -

Jet1 102 GeV .
% Muon 50.5 GeV

et3 57.8 GeV 7/

Jet2 69.7 GeV

_|III|IlLlIII]IIIIIII|III|III|III

IIII|1II|III|III|III|1II|IIIIIII

-1 08 -06 -04 02 0 02 04 06
X (cm)

° muon

« electron J BES ETJ = 967, 65,8, 548, 33.8 GeV
* photon Missing E-= 40.2 GeV
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tt cross section (lepton + jets)
(topology, no b-jet identification)

1 high-p; isolated lepton
CDF Preliminary (195 pb-1)

Large missing E- > 3 jets sof ]
Njet Z 3 \ r 1
60} 11
E L ] 4
= 8
(«}]
I Wijets
20} I other EW A
_ B QCD
0% 00 200 300 400 500 600

Ht (GeV)

H, = scalar sum of all high P objects
(jets, leptons, E miss)

Before b-tagging: background from W+jet events clearly dominates
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Tagging of b-quarks

4[ Soft lepton tagging ]

o b—fluc (BR ~ 20%)
e b—c—lus (BR ~ 20%)

e or L in jet

[ Silicon Vertex tag L

Jet

Secondary vix

y

Frimary vix d

-
-

i
i
[
#
L]
o f]
- i
-
=
".’."..J’ r
[]
L]
d

displaced track

Search for non-isolated soft lepton in a jet

B mesons travel ~ 3 mm before decaying:
— Search for secondary vertex
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Silicon detectors

Run llI: silicon detectors cover
a large region of
acceptance

D0 Runll Preliminary, Luminosity=114 pb"

B.—>J/¥ ¢
N=133+17

T TP R
0% 5.2 5.4 5.6 5.8
MiJhy &) Gewie"
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+ jets double-tagged event

B tagging established in both experiments!

Important for the top
physics measurements




tt cross section (lepton + jets) (including b-tagqging)

1 high-p; isolated lepton, at least one b-tagged jet

Large missing E;

' . 1-tag and H>200GeV
hep-ex/0504058 >1 secondary vertex tag @ 1200: e Dals

[ c — Z
= - L=230 pb" e DO data : o - [t (8.2pb)
5 300_ B W light ] Control region \ 3 B Non'\W QCD
= L o = [ ]Diboson
“ﬂ_) L ] W, Nec, Wbb %A Single Top
o - Mdltijets S
gam QoM
E (L Z :
=) e
< N

100-

Signal region [ | - >
0 ol
1 2 3 24 Weljet  We2jet  We3jel W24 jet
Jet multiplicity oz lon

Excess above the W+ jet background in events with high jet multiplicity
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tt cross section (lepton + jets) (including double b-taq)

1 high-p; isolated lepton +

Large missing E;

Two b-tagged jet

£ 0
ﬁ i [ Non-WW QCD
v 100 = D_ibcusﬂn
" 2-1ags =R
= - cC
E #r- I Wb
r § I Mistag
Bl —
200
D_ TR B

Wl jel  WeZjat W3]

. CDF Run Nl Preiimnaryn:EEEph'l:n
—=—Data
120 [Iti(8.8pb)

Wz 4 jat
Jet Multiplicity

Very clean top sample
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tt cross section summary (preliminary)

T T T I T T T | T T T | T T T | T T T I T T T | T T T
[ cacsiari ot al. JHEP 0404:068 (2004) Assume m=175 GeV/c®
Kidanakis,Vogt PRD 68 114014 (2003)  CDF Preliminary

7
“Dilepton /2 8.3£1.5+1.0+0.5

(L= 750 pb )

NN

'Leptnn+Jets: Kinematie soioﬁiogtoa

(L= 760 pb )

.Lepton+Jet5: Vertex Ta%é 8.2+0.6+0.9+0.5

MM

(L= 695 pb”)
L L

Lepton+Jets: Soft Muon 1.3

P % 5.3+3.3 +,+0.3

"MET+Jets: Vertex Tag 14

Py /% 6.1:1.2 +73+0.4
L . M '

"All-hadronic: VedsxTag/// 8.041.7 43305

(L=311pb7) / WL Iyt V

Conbined, 7 7.3:0.5:06:0.4

QCD prediction:

- Cacciari et al., hep-ph/0303085

(staf) £ (syst) < (lum) - Kidonakis et al., hep-ph/0303086

0 2 4 6 8 10 12
o(pp — tt) (pb)

14

Good agreement among various exp. measurements
and with QCD prediction (similar results for DQ)
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Precision measurements of m,, and m,,,

Motivation:
W mass and top quark mass are fundamental parameters of the Standard Model;
The standard theory provides well defined relations between my,, m,,, and my,

Electromagnetic constant
measured in atomic transitions,
e*e- machines, etc.

1/2 :
1 Gg, agy, sin 6,y

m W — \/7 . \/ are known with high precision
2 G F S1n QW 1 - A r Precise measurements of the
. T T W mass and the top-quark
Fermi con§tant ek e e radiative corrections mass constrain the Higgs-
measured in muon e eUredlat Ar ~ f(mtopz, log my;) boson mass
decay LEP/SLC Ar ~ 3% (and/or the theory,

radiative corrections)

e
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The W-mass measurement

1/2

1
sin@,, v1—Ar

m,, =| 2L
" V26
F
ALEPH [prel.] —= 80.379+0.058
DELPHI [prel.] - 80.404+0.074
L3 [prel.] —a= 80.37610.077
OPAL (final -— 80.449+0.063
LEP Preliminary -= 80,392+0.039
7/dof = 29.2/35
CDF [Run-1] . o 80.433+0.079
DP [Run-1] —— 80.483+0.084
Tevatron [Run-1] = 80.452+0.059
y/dof= 0.2/1
Overal| average =+ = 80.410+0.032
80.0 81.0

M, [GeV]

4-10-

m,y (from LEP2 + Tevatron) = 80.410 + 0.032 GeV

A

My, (from Tevatron) = 172.5 + 2.3 GeV

T T T } I

1 —LEP1 and SLD

80.5- -~ LEP2 and Tevatron (prel.)
68% CL

m,, [GeV]
3
i

150 175 200
m, [GeV]

i

light Higgs boson is favoured
by present measurements

Ultimate test of the Standard Model: comparison between the direct Higgs boson
mass (from observation, hopefully) and predictions from rad. corrections....
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Technique used for W-mass measurement at hadron colliders:

Event topology: D@ Run 2 Preliminary
o = 160
9- L D2em Rurll Preliminary
>700 ——data 140 D@
3600, OalMc
Wy 2
RSUO— Bz 0 Z — €€
™ MW
42400j 44 QCD bkg substracted !
$ 300 P!> 20 GeV "
w_ 0
200
L :
100~ ; A
op
0 | S T P \ \ \

| [ 1 \II ‘ L L L | I Il L1 L1 111 Il
0 20 40 60 8 100 120 140, U el 12°M,,‘e'e$&.
M, (GeV/c)

Observables: P.(e), Pq(had)
= Pq(v) =-(Pq(e) + Py(had)) long. component cannot be
= M, = \/2- PP’ '(1 —COS A¢"V) measured

In general the transverse mass M- is used for the determination of the W-mass

(smallest systematic uncertainty).
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Shape of the transverse mass distribution is sensitive to m,,, the measured
distribution is fitted with Monte Carlo predictions, where m,, is a parameter

Main uncertainties:

B result from the capability of the
o0 Py = 79{GCJ\/ | Monte Carlo prediction to reproduce
250 i - my=80.3 GeV real life:

* detector performance
lJ' | (energy resolution, energy scale, )

| L * physics: production model
_(:_Ir_;.JJ i . pr(W), Ty .....

m;" (GeV) » backgrounds

Dominant error (today at theTevatron, and most likely also at the LHC) :
Knowledge of lepton energy scale of the detector !
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Calibration of the detector energy scale:

Example : EM calorimeter

E =100 GeV CALO f
Emeasured
e if E = 100.000 GeV for all calorimeter cells

measured

— calorimeter is perfectly calibrated

 to measure m,, to ~ 20 MeV, need to know energy scale to 0.02%,
ie. if E =100 GeV then 99.98 GeV <E <100.02 GeV

electron measured

— one of most serious experimental challenges !!
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Calibration strateqy:

* detectors equipped with calibration systems which inject known pulses:

1

n

= | cell —{/ > out

—> check that all cells give same response: if not — correct

* calorimeter modules calibrated with test beams of known energy
— set the energy scale

* inside LHC detectors: calorimeter sits behind Inner Detector
— electrons lose energy in material of Inner Detector
— need a final

e.g. Z—e*e decays 1/s at low luminosity
constrain  m,,=m,

™~

known to ~ 10-° from LEP
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What precision can be reached in Run Il and at the LHC ?

Int. Luminosity 0.08 fb-1 2 fb-1 10 fb-
Stat. error 96 MeV | 19 MeV 2 MeV
Energy scale, leptonres. | 57 MeV | 20 MeV | 16 MeV
Monte Carlo model 30 MeV | 20 MeV | 17 MeV
(P;", structure functions,

photon-radiation....)

Background 11 MeV 2 MeV 1 MeV
Tot. Syst. error 66 MeV | 28 MeV | 24 MeV
Total error 116 MeV | 34 MeV | 25 MeV

* Total error per lepton species and per experiment at the LHC is estimated to be + 25 MeV
at the Tevatron

Main uncertainty: lepton energy scale (goal is an uncertainty of = 0.02 %)

+ 34 MeV

Many systematic uncertainties can be controlled in situ, using the Z — ¢/ sample

(P1(W), recoil model, resolution)

Combining both experiments (ATLAS + CMS, 10 fb-"), both lepton species and
assuming a scale uncertainty of + 0.02%

Tevatron: 2 fb1:

= Amy ~ £15MeV
Am, ~ %30 MeV
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Signature of Z and W decays

Underlying event
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What precision can be reached in Run Il and at the LHC ?

Int. Luminosity 0.08 fb-1 2 fb-1 10 fb-
Stat. error 96 MeV | 19 MeV 2 MeV
Energy scale, leptonres. | 57 MeV | 20 MeV | 16 MeV
Monte Carlo model 30 MeV | 20 MeV | 17 MeV
(P;", structure functions,

photon-radiation....)

Background 11 MeV 2 MeV 1 MeV
Tot. Syst. error 66 MeV | 28 MeV | 24 MeV
Total error 116 MeV | 34 MeV | 25 MeV

* Total error per lepton species and per experiment at the LHC is estimated to be + 25 MeV
at the Tevatron

Main uncertainty: lepton energy scale (goal is an uncertainty of = 0.02 %)

+ 34 MeV

Many systematic uncertainties can be controlled in situ, using the Z — ¢/ sample

(P1(W), recoil model, resolution)

Combining both experiments (ATLAS + CMS, 10 fb-"), both lepton species and
assuming a scale uncertainty of + 0.02%

Tevatron: 2 fb1:

= Amy ~ £15MeV
Am, ~ %30 MeV

K. Jakobs, Universitat Freiburg

CERN Summer Student Lectures, Aug. 2006



Top mass measurements

 Top mass calculation:
— Kinematic fit under (tt) hypothesis

— compute likelihood for observed events
as a function of the top quark mass
Maximum likelihood — m,,,

jet

Most precise single measurements:

D2 Run Il Preliminary L€ptontjets (>1 b-tag)

[ —— tT+Background
[~ emeees Background
Data

- L=230 pb"!

m,,, = 173.4 £3.5 (stat+JES) +1.3 (syst) GeV/c? (CDF)

-
™
TT

-LogiLikelihood)

m,,, = 170.6 +4.4 (stat+JES) + 1.4 (syst) GeV/c? (DQ)

Events/(10 GeV)
T

(=]
\lll

* Reduce JES systematic by using in-situ °F
hadronic W mass in tt events ‘F

2f- n el L

. . . %; 100 I I12‘0I I I1¢|1-IJI I I1l|§0I I I1;0I ‘ I2I|J-£-)+T\:“Il;gll-l-1-12-x(;-‘- 2:50 . ZTBD
(simultaneous determination of m, and Fit Mass (GeV)
JES from reconstructed m, and M,

templates)




Future Prospects for the top quark mass measurement

Mass of the Top Quark (*Preliminary)

Measurement M, [GeV/c?]
CDF-I di 167.4+11.4
D@-l  di 168.4 +12.8
CDF-Il di-* 164.5+ 5.5
DIl di-I* 176.6 +11.8
CDF-l I+ 1761+ 7.3 >
DDl I+4] 180.1 + 5.3 %
CDF-II 14" \ 173.4+ 2.8 =
DD-Il I+ — 170.6+ 4.6
CDF-l all- 186.0 +11.5

x°/dof = 8.1/8
Tevatron Run-I/II* + 1725+ 23

15 170 190
M,, [GeV/c’]

experimental errors 68% CL:
LEP2/Tevatron (today)
Tevatron/LHC

80.70

80.60

:{’1

S
MSSM EEEE
both models EEEEY

Hamamaysr, Waiglein 08

ILC/GigaZ

80.50

80.40

80.30

80.20 [*

C 1 1 1 1 | 11 1 1 | 11 1 1 | 1 1 1 |
160 165 170 175
m, [GeV]

1.  Channel dependence ? still statistically consistent results;
full hadronic channel is difficult

2. Expected Tevatron precision (full data set):

3. Expected LHC precision for 10 fb-':

+ 1.5 GeV/c?

<~ 1 GeV/c?

(Combination of several methods, maybe somewhat conservative)

180 185 190



Summary of the 2. Lecture

* Hadron Colliders Tevatron and LHC play an important role in
future tests of the Standard Model

* Predictions of Quantum Chromodynamics can be tested in
High P jet production

WI/Z production

Top quark production

 In addition, precise measurements of Standard Model parameters can be
carried out.

Examples: W mass can be measured to ~15 MeV
Top-quark mass to ~ 1 GeV

— Higgs mass constrained indirectly to ~ 25%
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