Gauge-boson Physics
with ATLAS at the LHC

with an emphasis on:
Triple Gauge-boson Couplings and
Monte Carlo Technigues for QCD Corrections
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m LHC & the ATLAS Detector

e Performance example: Hadronic Endcap Calorimeter

m Gauge-boson Physics
e Measuring A and sin%0,,

.( Modeling our Predictions:

e New Monte Carlo Techniques for combining NLO(0O) matrix
elements with the parton shower

e sketch of problem to be solved, results & implications
(but no details)
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Proton Beams /
Proton Injector i 4
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Booster rings " Experimental Hall

LHC = (Collision paint)
Ring
= 14 TeV = g & g collider,
scale:
m Lowl — Detector for
ATLAS experiment . .
= HighlL - (displaced for clarity) bl in <10 years

25 illlCl’UbllUllD PCI' vurnicrt Cr vooliily

. @ 40 MHz crossing rate at high L (25ns bunch spacing)
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History of the universe

o

i GNOW <15 Billion yearS)

o €Stars form (1 Billion years)
Cosmic Microwave Background

Atoms Form (300 000 years)

1017 gy

FHOITON
EPOCH

— €Nuclei Form (180 seconds)

6. €Protons and Neutrons Form (10710 sec)

- € Quarks Differentiatgs103* sec ?)




The ATLAS Detector

Muon Detectors Electromagnetic Calorimeters

\ Solenoid
| .

Y

e | LY

Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

= Multi-purpose detector for LHC »>~1850 People
m_ 22 m diameter, 7000 tons »>149 Institutions, 34 Countries
- »37 Funding Agencies
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Magnet System

2T Solenoid surrounds inner detector (no field at calorimeters)
3.9 - 4T air core toroids for muon system
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Magnet System

umm Pr'OVides names for‘ The LHC CXPTS A Compact Solenoi((:lg/{sDetector for LHC

TAcEER mremL sl

A Toroidal LHC Apparatus
VS. COmpact Muon Solenoid

rreeeeer
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Barrel Silicon Strip
Detector

Forward Silicon Strip
Detector

Transition Radiation
Tracker

Pixel Detectors

o _FrGeh) o601
PT 2000 Inner Tracker

Inner Detector

Silicon pixels and strips
’A\‘ A @ transition radiation tracker with e/n separation capabilities
rrreerr
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m EM Calorimeters Pb/ LAr
o 10%

E JE(GeV) - -.
m Hadron Calorimeters Barrel: Fe / Scintillating Tiles

. g V0% 003 Endcaps: Cu& W / LAr

;}‘ i ) JE(GeV)
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pter 3. The ATLAS Experime

Cathode strip
chambers

(Air Core) Muon Spectrometer

chambers

= monitored drift tubes and cathode strip chambers
(precision tracking)

m resistive plate chambers and thin gap chambers
(fast triggering)
m  (Good standalone performance

P 2 ~2-3% for P, < 1TeV
r:h‘ W L

Matt Dobbs <MADobbs@Ibl.gov> Gauge Boson Physics @ LHC Rochester Seminar, Oct 29, 2002 13

Monitored drift tube
chambers




collaborations are busy
calibrating, evaluating and
understanding their
detectors in beam tests.

Hadronic

\HLEFaDL\Dﬂ D\ﬂt
et pe M

detectors

. cryo Feed“ﬁr‘ou

)

. LB

PhegamELgr /ﬁ,f) |
o Forward /)

WL detectors

warm VEZSSEL

DOLd \/BSSEZL

DOOLH\\ pipes

sign al Feedthrou SH - — —— g
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hs

n=3.2
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Calorimeters

Hadronic Tile
Calorimeters

Forward LAr
Calorimeters

Hadronic LAr En ap
Calorimeters

Example: Hadronic
Endcap Calorimeter
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1 wheel constructed and assembled
at Triumf, Vancouver
1 wheel constructed at Dubna (Russia)
and assembled at MPI, Munich
Tested in CERN SPS e/p/n beams,
rrﬁh i1998-2001
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s e '."_i‘. ~
t1- UXIS cavern vault; intersection with PX14 shaft

~ foundations of an ancient roman farm
and artifacts dating from about 300 AD

-~ I.I\
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= Drell-Yan lep'ron pair pr'oduc’rion
(2 Nobel prizes... so far, 30 years of Drell Yan measurements)
L channel for large extra Dimensions, Z'

probe proton structure: parton density functions at small x
Calibrate the detector

e EM energy & momentum scale from  pp = Z'=> It

e jet energy scale from pp D Z + jet D I*l- + jet

e luminosity from pp 2 Z ,W: event rate

= Important!, our knowledge of this process feeds into the
systematic errors for all physics measurements and searches

= Key Precision Measurements of fundamental SM
parameters
sin’®,, , Mass(W)
,A\ — let's explore the sin?8,, example...
rreeeeer
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= pp=> I'lF di-lepton signature is (almost) background free

= asymmeftry arises from interference between neutral
currents Jo ., .
o - |y* + Z° + (New Physics!?)

‘ 2

m constrains M r.cs and checks model consistency

bla—sin?0, "' (M,))

O + O B 4 |
known to NLO in EW, QCD
(effects can be as large as 30%)

I's
|
|
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= At the pp Tevatron, defining Ag; is easy.

©
K + 3 —> k"

Z / Y AntiProton
Proton Beam
@ Beam
AN
—~Q o
AntiProton Proton Beam
Beam

= but for symmetric proton-proton beams (LHC), there

is no asymmetry WRT the beams.
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Proton Beam Proton Beam

= measure asymmetry in charged lepton direction WRT CMS
boost direction

= Asymmetry increases at high Y(I'l)

rreeeeer
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= Statistical precision using 100 fb-!, near Z-pole (x6GeV)

Cuts Arp (%) A Agp (%) | A sin?0,.:(M,) § .
Both et, |n|<2.5 0774 OOZO 000066 2 c;}
One e, ni<25 198 | 0.018 | 0.00014 | £=
other et |n|<4.9 \ 5 %

for comparison, A sin?0_=0.00053 combining 4 LEP
expts and e,p,t channels [CERN-EP/2001-098]

m Performance issue: increasing forward lepton tagging acceptance
greatly improves measurement

m systematic PDF uncertainty is most challenging.

Ay
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Modeling our Predictions:
New Monte Carlo Techniques
for QCD corrections

the real challenge for M.C. authors is

modeling subtle Standard Model effects. . .
new physics is (usually) easy!
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Simulating QCD Corrections

2 common approaches

: Next-to-leading order
Showering event Genetrators

“event Integrators”

Matt.Dobbs@ ch Diboson Feynman

hs at NLO

(Pythia, FHerwig, Isajet)
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Simulating QCD Cotrrections

LR

irhes fignme Eomm FLWsELEsees, Ol Acosdemas Trapmang: 1 0EE)

Showering Event Generators NLO Matrix Elements

Eveni generation; is good prediction of hard

predicted by tiheory. =
exclusive prediction best prediction off fotal o

> you geti the whole event record one order in dg
all’ orders approximation o > ai mosti one " jet”
multiple emissions fixed order perturbationiis
valid in softi/collinear not valid for smalll P=(jet)

emission regions

hoit: valid for hard, well
separatied parions

Normalization is LO

event' weighisiare negafiiive
(Unphysical) in/seme phase
spdce regions
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Phase Space Veto Method

Implemented as an event generator for
pp2Z’ + X2 1"+ X
but everything applies in general to

any colour singlet production process at
hadron colliders

(Matt: Click here if you are short on time!)
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NLO ‘event integrators’ pp2Z+X—> 1I'I+X

Regularization scheme example:

Phase Space Slicing
(“Sy slicing”™)
« partition phase space:

* resolved region- integrated numencaﬂ

(n+1)-body cross section
total cross section

o)
o
o

n-body cross section

N
o
]

cross section [pb]

N
(@]

—> can choose (almost) any S, we like.

BERKELEY L'ﬂBL
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Phase Space Veto Method

Dobbs, Phys.Rev.D64,034016 (2001), Phys Rev D65,094011 (2002)
Pétter, Phys.Rev.D 63,114017 (2001) [DIS]

Recall: > can choose (almost) any Sy we like

> MIN.

SZERO
choose S,1:ro

. . . n —
i.e. unresolved contribution, 6™S,r =0
on an event-by-event basis.

e NLOS,_, -slicing
Ao  NLO ®-space Veto

[pb]

m  Born Level

c
o
=
(&)
Q
(]
(]
(%)
o
o
o

S
o

Addresses the first issue, because it carves
out the region of negative weights > i.e. it
allows us to re-formulate the NLO calculation
into a fruel (probabilistic) event generator.

- while maintaining the reduced scale
dependence provided by the NLO calculation.
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Phase Space Veto Method:
shower evolution

B our description of the hard

central region 1s dominated
by the NILO mattix clements

m ideally, we want the small .
region to be the domain of
the Patrton Shower

domazpy of the order

do  [pb/.5GeV]

0 2 4 6 8 10 12 14 16 18 20

p,(Z°) [GeV]

NLO ®-space Veto (no Projection, no P.S.)
NLO ®-space Veto w/ 25 GeV Projection only

NLO ®-space Veto w/ 25 GeV Projection and P.S.

20 40 60 80 100 120 140 160 180 200
pr(Z27) [GeV]



Phase Space Veto Method

B event generator in the true sense

co 4,
"B,

— you get unweighted events

do  [pbl.5GeV] .|
L]

— well suited for expt. applications
detector simulation,
hadronization, etc.

0 2 4 6 8 ‘4 12 14 16 18 20
. Pr(Z7) [GeV]

®m dominated by parton shower in
the soft/collinear regions

m dominated by O(«g) matrix
element in hard/ central regions

® normalization is NLO, maintains o 20 40 60 50 100 120 140 ioe ies 200
reduced scale dependence. pr(Z°) [GeV]

m Matt Dobbs <MADobbs@lbl.gov> Gauge Boson Physics @ LHC Rochester Seminar, Oct 29, 2002 43



Phase Space Veto Method

m attacks a phenomenological issue from an experimental
viewpoint

s implemented as a new pp>ZY/y +XSIH+X event generator
2 see Dobbs, Phys Rev 1D65,094011 (2002)
2 (uses LUND parton shower)
¢ efficiency and event generation time competes with L..O. generators
2 another step towards modularized event generatots, (HepMC, HepUP)
2 written in Object Oriented CH+

m preliminary results indicate there will be further benefits
for mote complicated processes like dibosen production.
[ see Dobbs, Phys Rev: 1D64,054016 (2001)) |

m The phenomenology community is listening!

L “competing’ version from Herwig anneunced Febtuary 2002:
S.Frixione/B.Webber (hadronic dibeson production at NILO)

L Minami-Tateya (KEK) group (GRACE), Yoshimasa Kurihara, pp=2>Z+X
¢ Tlund has new effort undetrway: S. Burby/ I Sjostrand
(ME cottections to Wy WW WZ)
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... Modeling ourt Predictions
New Monte Catlo Techniques
for QCD corrections

J
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gauge group (foundation of SM!)

> WWy WWZ couplings

TGC Vertex

= most-general C & P conserving WWZ WWy
vertices are specified by just 5 parameters:

Aglz,AKZ,AKy Az, A, =ZERO1n the S.M.
. y L ,

like S
SIOWIRES =— big advantage for LHC
=> model independent parameterization

= Probe tool: sensitive to low energy remnants of new physics
- operating at a higher scale
r:}‘ tiﬁ- complement to direct searches

Physics Divisio
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grow like V8§
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m theoretical expectation for new physics at 1 TeV

anomalous TGC’s at most M?2
for new physics at 1 TeV @ W~ @(O . O 1)

2

hep-ph/9503425 DPF
[hep-p ] NP

m LEPCombined ICHEP2000 & Tevatrontxpected, Runll

9(.10-.20)

95% Confidence Limits

m probe the WWZ WWy vertices with leptonic
decay channels of WZ and WYy production

. A
(reeeeer tm
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heutrino
[ »ﬂ'(hnﬂs&ﬂe)

proton

el o~
‘: b ¥ d W+ d W+

o
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Consider leptonic decay channels only: e*vy,
Number of Events for 30 fb-!

preselection
PT > 100 GeV
PL > 25 GeV
Pl > 25 GeV

AR, I*) <1
Ejets P, < 100 GeV

2y
2436
1277
1196
377

376

341

WS Wryo

Wjet Z+jet ti(v) bb(y) ~+jet vy T4

4367
2007
1938
1557

1543
1280

\

7398
2101
1800
215
183
133

1561 253 956 20 710
945 160 B 14 665
83T 64 664 13 986
689 43 44 12 974
611 42 44 12 STE!
286 26 11 12 a4

jets faking photons is largest background
- highlights particle ID performance

AN

uEvy

All W~
Backgrounds Signal

| 17701 17717
8153 10638

7098 10066

3511 7311

3385 6791

2623 4262

=1

1.0
1.30
1.42
208
4
1.62

m Backgrounds: LO x (k=1.5)

= Signal: NLO(a,)

| cuts designed for purity are optimized at LO

ri}‘ % cuts which isolate the phase space where TGC diagrams dominate
r

unlike the Tevatron,
W->1v s significant
background for LHC

Matt Dobbs <MADobbs@Ibl.gov> Gauge Boson Physics @ LHC Rochester Seminar, Oct 29, 2002

(i.e. address 9(og) effects) are chosen so as to optimize the confidence limits.
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neutrino

/" (invisible)
proton
electron Z
D ,/‘ itr W*
d W+ d W+

mnnon
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# events Spread in Stat.

Backgrounds All Wz 95% C.L.
Z+jet ZZ ti |Backgrounds Signal | & | Axyz Dyl

preselection

- T
le!'l.ﬁ P}'-'li <

3 leptons, P,{ > 25GeV | 398 500 461 1359 3285 | 2.42

PT_ >25GeV 32 9 357 450 2453 |5.44/ 0014 028 0.019
IMys- — Mz| < 10GeV| 28 76 65 144 2331 0.014 029 0.020

631 576 745 1952 3663 | 1.88 |0.014 0.29 0.020\
0014 0.29 0.020

100 GeV 26 T 44

119 1987 0.23

almost background free

= Backgrounds: LO x (k=1.5) | weakly on obtaining good purity.
= Signal: NLO(ay)

rreeeeer
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statistical limits depend very

2 bb and Zy backgrounds are negligible
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= binned max. likelihood fit =< ¢ o momtameeim] 3 w04 o oz L
1'0 PT(V) dis-l-riibuTion o 68% 2D Confidence Limit E
\ /
robust - no need to oosf- 7
reconstruct CMS vectors . | | | " Ty
directly measured D
= investigated :
optimal observables . ]
.02k | | |
multi-variant fits e G FOOUUTOOU OO eSO |
[PH(V)xP(4,,) is best] "
other 1-D distributions 2 Signal + Background Expectation
. . . . = B e A= 0.200 Expectation
= |uminosity systematic avoided °* F 5. | A= 0010 Expectation

by considering distribution
shapes only

rreeeeer
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Background Expectation

+ Simulated ATLAS Data

S
R
4 1 1 1

100 200 300 400 500 600 700 800 900 1000
P, [GeV]
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©
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© 0.05
o
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0 1

10

10°
Integrated Luminosity [fb"]

ry/expt systematics
understood &

1(gﬁccounted for.

-Statistics will dominate LHC measurements (except for A g?)
—~>sensitivity derived from a few events in the high P(V) tail

-Dominant systematics are theoretical:
~>neglected higher orders and pdf's
A\ 1Systematics reported here are worst case scenario,
rreeeeer
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—> assumes we are unable to correct for the mis-modeling.
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behavior (energy dependence) of anomalous couplings.

@00° X, = 0.04046 * 0.005731
=~ 0 Ar [GeV] = 1387 +183.5
0.04— |
SRR
0.03— u :
0.02— !
0.01—
- =
o=
- ! | | | | | | | | | |
0 500 1000 1500 2000 2500 3000
reeeeee| i M™WY)  [GeV]
BERKELEY LAB
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o

specific production angle of the

h is forbidden by subtie gauge
anceliations
= one of very few remaining
electroweak discoveries

= normal statement “"Tevatron has a
distinct advantage because of the
asymmetric beams.”

= borrow the (Drell-Yan) idea of signing

140

forward direction by the system 120
boost. 100

80

unsigned

events

B O
o O

('J"_|||||||||||||||||||||II|III|II|||||||||
—+

N
o
N
o

[fb]

-- unsigned
— signed

o

5
Ny-N

Sg3s

= = N N w
o a1 o a1 o
U'|_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

4]

o

f
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ple Gauge-boson Couplings:

O

RESULTS & Summary

-0.0035 <A, <+0.0035

= 95% Confidence Intervals are:
e limits derived by averaging over i ~0.0073 < i <+0.0073
5000 "mock” ATLAS expfts. -0.075 < Ak, < +0.076

e typically order of magnitude
improvement over LEP / Tevatron
= statistically limited measurement (1)
sensitivity from a few events in high P+ tail -0.0086 < Ag!, < 0.011
(except Agl,, for which systematics & statistics z
are comparable)

= theoretical errors dominate the systematics
“tools" for controlling these systematics have been developed, not discussed here.

= new means of ensuring unitarity developed (not discussed here)

= measurements of anomalous couplings as a function of energy will be
possible.

Ay

-0.11 < Ak, < +0.12

For 30 fb-, systematics included.

.. A
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m ATLAS is under construction.

performance requirements are being met in beam tests.
physics studies drive the performance goals.

m ATLAS physics potential includes competitive precision
electroweak measurements: sin?6,,, mass(W), TGCs,...

= new Monte Carlo techniques for combining NLO(a.)
matrix elements with the parton shower approach have
been developed = excellent tool for (by!)
experimentalists.

= Triple Gauge-boson couplings probe the very foundation
of the Standard Model.

e measurements will be statistically limited, even at LHC

e order of magnitude improvement in confidence limits over previous
expts.

e new means of ensuring unitarity (form factors) has been introduced
(not discussed in this talk, ask if you're interested)

Ay
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