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Installation of the
ATLAS detector

Lowering one of
the CMS Endcaps
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CMS

Small ,Big Things* we hope to appear ... *
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New Heavy Gauge Bosons

RHEINISCH-
EEEEEEEEEEE

RWH Carsten.Hof@Physik RWTH-Aachen.de Aspen 2007, Colorado 3

Ill. Physikalisches Institut A



CMS

Outline -l

+W'/Z' theory in a nutshell
* How to find W'/Z'

« ATLAS & CMS

» Expected discovery reach
» Systematic studies

» Alignment

* The inverse LHC problem
« Summary
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Z'/W' — What's that?!?2 0 &

Definition:
» Generically: all massive bosons outside the Standard Model are
» \W'if they are electrically charged
» /' if they are electrically neutral

W'/Z' — Who ordered that?

* Models enlarging the SM gauge groups
» Models embedding the SM gauge group
» SO(10), SU(5), E4
@ Left-Right-Symmetric models

@ Theories with Extra Dimensions

@ Little Higgs models

@ Superstring inspired models

Who ordered
THAT!?1?

BUT most theoretical models have no prediction of the W'/Z' mass!
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CMS

Why are we looking for t

Motivation

» Prominent & clean signatures (in invariant mass spectra)
» Theory & detector benchmark channels
e Second day physics” (,first day“: understand SM background)

| will focus on
@ eptonic decay channels (Pythia) = discovery channels
sW'—=ev/uv Z'—ee/uu
@ Latest results from ATLAS and CMS (Physics TDR)
» Events simulated in full/fast detector simulation

s L=2-10cm?s" (low LHC luminosity)
@ 3.5 - 5 pile-up events per bunch crossing (every 25 ns)
* 10 fb™! per year expected (per experiment)

(See references for further investigated W' / Z' channels)
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Investigated W' Mod

. . (CMS
Sequential Standard Model: (Pythia LO, 10 fo!

* W' as carbon copy of Standard Model W DrOCEss # ovents
with different mass (= parameter) W' (0.8 TeV) = uv 77000

@ Coupling constants like SM ones W' (1 TeV) = uv 31100

@ No coupling to Standard Model W/Z W' (2 TeV) = uv 1600

* BRIWW' — uv) =10 % W'(5TeV) = uv 6

o Standard Candle” W—uv 171.000.000

Littlest Higgs Model: % [Arkani-Hamed et al, JHEP 207(2002)34]

» Minimal SM extension for solution of Hierarchy Problem
» Introduces 4 new bosons: W, Z,,, A, (also new quark T and Higgses)

@ Masses strongly constrained due to fine-tuning:

My, < 6 TeV(5"d=y)” Wy, Z;, mass degenerated

» Couplings depend on single parameter 0
® Cross section similar to SSM W'
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CMS

Investigated Z' Models

s Z'sg\ (Sequential Standard Model), Z' carbon copy of SM Z
o Z''rm Z'aLrm (Left-Right-Symmetric models)

o Z'/W' from additional SU(2)g
o2 2", Z', (Eg and/or SO(10) models) from additional U(1)

Recipe:

» Use Pythia's Z'sg), and modify couplings . Cross _sectic_)r;] rZa'pidIy
o Full y /Z/Z" interference included ecreasing with Z' mass

Model | T/M | Z'— utu~ | oY . Br, full interference, fb
% | BRin% (PYTHIA)
1TeV/c? | 3TeV/c? | 5TeV/

Zgan 3.1 3.0 610 2.8 0.050 .
7o | 06 L0 340 17 0.032 QCD corrections:
Zn | 07 3.4 370 18 0.035 Kunio = 1.35
7o 13 5.7 500 22 0.038

Zir | 22 23 500 23 0.040

ZaLroL | 1.6 8.6 740 37 0.077
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. W'/Z' Hunters Gui

Principle of Z'/W'— ¢/ | {v search @ colliders:

» Reconstruct lepton(s) i

B : T Signal m, = 500 GeV
: DG Runli Plgellmmar!}
» High energy Bl g
° |solated =  lmwoy
. . . \ o 10§ A Zy see
» Opposite sign possible (Z') S Ji— =
* Get missing transverse energy MET (W') —10 E‘{vw ind
» Calculate (transverse) invariant mass :E';w — b
u=j (|l zzincl.

m) Clear signal

Data
; I

(Breit-Wigner (Z') or Jacobian (W"))

Recent Limits from Tevatron Run II: 0"
» Approaching My, = 1 TeV 10 700 500
my [GeV]
M(W'sgy) =965 GeV | (W' = ev, DO, preliminary)
M(Z'sgy) > 850 GeV (Z' — ee, CDF, preliminary)
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The ATLA

Muon Detectors Tile Calorimeter Liguid Argon Calorimeter

Length: ~44 m
Height: ~22m
eight: ~ 7000t

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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Tracker: Tracker:
Silicon Strip Detector  Silicon Pixel Detector

Crystal ECAL

Endcap Muon Detectors
A\
11

Barrel Muon Detectors

HCAL

Superconducting
Length: ~21.5m  Solenoid (4 Tesla)

Height: ~15m Iron Return Yoke | , K M
Weight: ~ 12500t 7,
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What does a W' Event look like2 ¥

yz-plane

Aspen 2007, Colorado 12

IGUANA Event Display



Event Selection ¥

W' — fv Z'— U/
@ Single offline lepton events @ = 2 offline leptons (good quality)
* |solated » Opposite sign charge
» Require lepton fit quality ° |solated
* Calculate MET * Back-to-back cut possible
s Using ECAL + HCAL deposits @ Special TeV muon reconstruction
» Corrected by muon p+ » Collect photons to recover u—energy
» Overall efficiency: ~90% (e,u) » Overall eff. ~80% (u), 50-80% (e)
(acceptance, single-/ trigger, selection)|  (accept., single/di-¢ trigger, selection)

=) Calculate (transverse) invariant mass

TeV-Electrons: TeV-Muons:
+ Energy/p+ resolution + |dentification
- |dentification + Charge determination
- Charge determination - Pt resolution (Bremsstrahlung)
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W'/ Z' Backgrou

» Main & irreducible background

s W — /v, Drell-Yan respectively ol

* Further investigated backgrounds
@ QCD-jets, top pair production
@ Di-boson production (WW, WZ, ZZ)
@ Drell-Yan (for W') :
Result: - 1.5TeVZ',

. 1
» W/Z cross section large BUT g 320 fb k
- 1 L 1 | N I —
° SmaII contrlbutlon in W / Z S|gnal region! 500 1000 1200 1400 10('0 1800 2000
109 ' PR B ‘::_9-1-6:""|""|""|""""I'"I""I"":
10 Sre 20— .t
107 o L ]
O1.2 - —
_ 10° s | signal -
& 10° 2 1 .
g fos.
= 10° "t 5TeVZ'5\ gy /100 fb
) i
Z[= 10 ]
© 10 L
1 0.4;— ]
10" -
T 10% . i
R 0 1000 2000 3000 4000 5000 6000 \TH-Aachen.de 3000 3500 4000 4500 5000 5500,6000 6500 7900

I MT [GeV]
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W' Discovery Poter

Method: L, =101
s CLg method (used in LEP Higgs searches) 107 £ E
» Binned likelihood based on: oo Signale
e ackground i B
Qi) = P(p = sij(mw:) + bi; n;) O 107 ... Expected for ]
e P(n = b;; n;) i E,i’,f,kg“’“"d
» Discovery (50) defined as: 100 i hand expected lmit
L — CLb < 2.85- 107 10 I o .‘r|4'7.1 |Te.V\ ‘
2 3 4 5 6 7 8
@ Exclusion limit (95% CL) defined as: my, [TeV]
: CLo.y, 300
CL, < 0.05 with CL, = ——
CLb 100
» Neglect bins with less than 5% signal —
0
. 30
v " . =
W' discovery reach: 2
E 10
' -1 3 ]
M(W SSM) >4.6 TeV (for 10 b ) 3 Expected Discovery |
— at 56 level
HHHHHHHHHH \ - at 3o level
eSS ; . l . l .
RWTH Carsten.Hof@Physik.RWTH-Aachen.de '3 4 5 6 7
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Littlest Higgs Discovery ¥

Method: W'/ Z' Discovery (cot 6 = 1):

» Fast detector simulation
N . M(W) > 5.7 TeV
@ Significance estimator
. _ . M(Z,) > 5.1 TeV
| cl — \/m
» Discovery: S>5 and Ng > 10 (WH — tb also possible, Z — tt,bb tough)
2 2
1.5 __ 15 _
2 : o i
S 4| ] g 1 3
| Luminosity: ]
05 | 300 fb! ©s -
| i _
m(W,) (GeV) m(Z,) (GeV)
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Z' Discovery M

Method (unbinned likelihood): 50 discovery as

@ Fit function based on signal/bkg shape function of luminosity
 Signal: Breit-Wigner x (Gaussian/exp.) T T T T

» Bkg: exponential derived from MC o 10°E [:MZS Z' = uu 22v7, 2
= - Ziou -
= [nsensitive to normalization uncertainty! %‘ - Zssu
o 1093— ———————————————————————————————————— -- & Al-RM—
c
® [nput to significance estimator E -
T 0 ———————— I —=
Sc = /2 (Loyp/Ls) (CMS) £ _
i M(Z'ssm) ]
Seio = 2% (V/Ny+ N, —/Ny)  (ATLAS) 1_ /7 T >36TeV 3
@ Discovery definedas: S>5 N 4 A |
) ) n Similarlplot forZ — ee :
Z' discovery (depending on model): L (CMS Note 2006-083) |
1D gI | I I | L1 1 1 | ] I'I | L1 1 1 | L 1 1 Ig
M, =29-3.8TeV | (for10fb) 1 = 2 4H s 8
/' mass (TeV)
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Z' Discovery
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E i i i
% ATLAS 720 —> e'e i
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| F Y
o s Z' Discovery:
m F
* &
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I L Ly JU— p— :I‘ M(Z SSM) > 42 TeV
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Uncertainties 0 &

Theoretical (systematical):

@ PDF uncertainties on cross section:
@ determined by using LHAPDF
o Ao/o = 5%, +25% (1,5 TeVW'/ Z")

@ Hard process scale

@ Unphysical dependence of observables
from renormalization/factorization scale

o Aolo = 1%, +5%/-25% (1, 5 TeV Z' NNLO)
o Aolo = +4%, +14% (1,5 TeV W' LO)

» Higher-Order QCD/EWK corrections
@ Uncertainty on background comparable

Experimental:
s Luminosity: AL/L = 5% for 10 fb”

@ Uncertainties on signal/background shape and normalization

@ Alignment (see next slide)
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CMS

Alignment Studies (Muonic Decays) %

Methods: %

» Two alignment scenarios in full CMS detector simulation:
s First data“, ~ 0.1 fb-!, coarse alignment

(Laser alignment, pixel detector track-aligned) reminder:
> Long term“, ~ 1 fb!, full alignment with tracks W' invariant mass
10°F (210107 e
Results: pd .
» No significant impact on discovery reach 3 10 =5
» No ,Non-Gaussian tails“ found 8 1 —1Tovw
e BUT: di-muon mass resolution strongly gz
dependent on alignment: !
> First data : 12% (1 TeV Z') 10- BRI IFESSE T .,
2 Long term 4_9% (1_5 Tev Z') 0 1000 200|C\)/|T30[%|093f00 5000 6000
=) Determination of Z' width challenging!
» Use di-electron channel (ATLAS: systematics and

alignment studies during
ongoing data challenge)

Ap+/pt~ 0.7 % for py=1 TeV electron
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| found something, but what is it?
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- Model Discrimination 0

Z' against spin-2 particles:
» Graviton (e.g. Randall-Sundrum) G* — ¢/ also possible in TeV region
@ Graviton G* spin-2, Z' spin-1 particle
@ Production.gqq—2Z2' qq—=G* and gg — G~
» Investigate angular distribution cos 6* (even terms)
@ Unbinned likelihood method applied

@ NOte: G* — VY pOSSible * x2/ndf 6513/ 39 y2/ndf  52.41/38
L 3 TeV Z' Spin1 3217 £0.45 *I 3 TeV G* qq 4766+ 1.28
i g9 60.58+1.31
Discrimination:
My = 1.2 -3 TeV
10%]
(c =0.01-0.1, 300 fb-', 20) |
i ' Chus, | N * CMs. !
HHHHHHHHHH Z' — uu p. | G* — uw =
ﬁ%ﬁg‘?ﬁﬁ CarSten.HOf@ -1 -08-06-04-02 0 02 04 06 0B 1 -1 -08-06-04-02 0 02 04 06 08 1

: cos o cos 6
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- Model Discrimination 0

What kind of Z':

@ Is Z' accompanied by W'?
=) distinction between U(1)- and SU(2)- Z' models
* Z' models predict different cross sections & width

@ Investigate forward-backward asymmetry Acg for different 3 TeV Z'
L BT L I LY | I | T L L B
_ OF —0OR _ 1 deo(qqg — pTp™) . LRM i i i Ei'_ﬂ_' M
Arp=————  F= fn doosgr  Ast | - * ...................... _
6*: angle between quark and neg. muon SsM T 400 fort

in lI-centre-of-mass system

» Challenges: T """" |
o |dentification of quark for 6*-determination A
(quark direction = di-lepton long. direction) | T 1E R - J

» Geometrical acceptance IR O LA .
ik L b v e w400 b7 lu
ALRM ' :.‘:"
. . 4m . . . IIII|I::Illlll:l::llillllllll
(systematic uncertainties under investigation) 06 -04 -02 0 02 04 06
FB
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Summary I

Theory:

o W'/Z' predicted by numerous theories
@ Detector and theory benchmark channels

Experiment:

@ The LHC will explore the W'/Z" TeV mass region
» Leptonic signatures with low background promising
» Expected discovery reach with leptonic decay channels (10 fb")

o L'sgy: 3.6 TeV (u), 3.5 TeV (e) [ATLAS: 4.2 TeV (e) 100 fb™]
s W'sqy: 4.6 TeV () % (New ATLAS limits expected soon)

@ Littlest Higgs Model W'/Z' well covered by LHC

* /' models can be distinguished by W', cross section, branching ratio,
angular distribution, width
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LHC - Expect the unexpected!

SUPERSTRIN G ﬁ-rn.-u_: o S e )
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THOULVGHT OfF
Hitoshi Murayama




Finally ... B K
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