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Overview

• Impact of misalignment on tracking and vertexing
• Impact of misalignment on selected physics channel

SUSY, Higgs-Physics, Standardmodel Physics (W mass), 
B Physics

Thanks to:
Ashfaq Ahmad, Steve Blusk, Oliver Buchmüller, Tobias Golling, Sergio Gonzales, 

Daniel Levin, Francisco Matorras, Jacopo Nardulli, Jochen Schieck, Maria 
Spiropulu, Peter Schleper, Markus Stoye, Sebastian Vieret

…who provided material and valuable input for this talk.
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Misalignment Scenarios (CMS)
First Data Taking scenario:
Laser Alignment + Mechanical constraints→100 µm uncertainties

Assumptions for alignment 
precision of ...

...tracker subdetectors after 
Laser Alignment (RMS). Tracks 
used only for pixel.

...tracker substructures

2 Scenarios:
1. First data, 1-6 months
2. Long term, >6 months

RMS

Long term: All numbers x0.1, except pixel: Assumes that pixel already aligned after first data.

... the muon system.
(longterm all numbers x0.2)
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IntroductionMisalignment Scenarios (ATLAS): NEW
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• 3 level misalignment at simulation level
• Alignment will be used iteratively

Proposed numbers for misalignment:
• few mm/ few 1/10th of mrad @L1
• 30-100µm/ 0.5-1mrad @ L2
• 30-150µm/ 1mrad @ L3
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Impact on Tracking (CMS)
To look at the impact of misalignment on individual physics
channels, need to first look at the impact on tracking (the
ingredience to physics) and vertex finding/fitting.

Transverse Impact 
parameter resolution

Single 
Muons

Note: Same pixel misalignment for short-term and long-term scenario.

pT resolution

Misalignment strongly impacts pT and impact parameter resolution.
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Impact on Tracking (CMS) II

Single 
Muons

Track finding algorithm
can deal with
misalignment as long as 
good knowledge of 
errors.

Impact of misalignment on 1/pT resolution:  
Tracker and Muon system misaligend together

Muon system misalignment:
1mm/ 0.2-0.5 mrad (first data)
0.2-0.4 mm/ 0.04-0.1 mrad (longterm)

1 TeV Muons

Muon system alignment contributes at high pT.



Georg Steinbrück LHC Alignment Workshop                       09/05/2006           7

Vertex Finding (CMS)

● Effect on vertex finding efficiency relatively small (max. 3.5%: 99.3 95.8% for ttH)
● Resolution: significant degradation by 6-8 µm in x,y,z
● Short-term, high pT: misalignment of silicon strip also plays a role
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Vertex Fitting (CMS)
• Impact of misalignment on subsequent vertex-fitting (Kalman algorithm, least-squares)
• Only tracks matched to simulated tracks used, 4 tracks with low pT vertex

● SV of B0
s→J/ψ ϕ: 12 μm degradation in all coordinates

● Pixel-dominated; same observations as for primary vertex position
● Misalignment significantly degrades PV and SV resolutions
● Correlated misalignment can cause biases.
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Introduction
Misalignment Scenarios (ATLAS): 

NEW: Plots

Correlated misalignment has
significant impact on pT, both in
terms of resolution and bias.

pT/q

pT/q pT/q
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Z µµ Mass Resolution (CMS)

Muons from H(300 GeV) ZZ eeµµ

Excellent alignment required for „no effect“. Short term misalignment significantly
degrades momentum and mass resolution.
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Dimuon efficiency + resolution (CMS)

• No misalignment

• First data 

• Long term

Mass
resolution

Offline 
efficiency

Impact 
small

Mass
resolution

Large Impact (Note log scale!)

x1.3, x 3 @1 TeV

x1.4, x 5 @3 TeV
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Resonances in Di-Muons (CMS)
• Example for ~early LHC physics: Resonances in Di-Muons

• 5 σ discovery reach for 6 Z’ models, RS gravitons (plots with systematic 
uncertainties including misalignment)

C = 0.01      
(coupling constant)

C = 0.1
First data

Long term

Short term
alignment

long term
alignment

Note: Would need about 50% 
less data if optimal alignment! 

Dimuon Mass
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Di-Muon mass resolution for RS Graviton, 
G* µµ: more details (CMS)

3 TeV

1 TeV

Tracker
dominated

Muon system becomes important
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W mass measurement (CMS)
• One of the most challenging
measurements at the LHC! 

• Goal ~25 MeV per channel!

Uncertainties for W mass
measurement in the muon channel:

with 1 fb-1 with 10 fb-1

Assumes excellent
tracker alignment
achieved!
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W mass (ATLAS)
• Requires understanding the momentum scale (1/pT)of the inner detector to 
0.02% („on average over limited regions“)  B-field to 0.02%!

• Measurement only possible if using the Z mass as constraint

• Then requirements on alignment of tracker modules (hard to quantify exactly, 
since these are residues after calibrating against the Z):

•1 µm in rphi, 10 µm in R, 10 µm in z in the pixels, stable over >1 day

Note: compare to ATLAS general requirement of 7µm (pixel) 12 µm (SCT) 

ATLAS study
from 1999

(ATLAS TDR)
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SUSY Endpoint analysis (CMS)

• In some mSUGRA parameter space, have χ2
0 (from the

decay of squarks and gluinos)
• χ2

0 χ1
0 ll: SFOS leptons with characteristic endpoint.

(m½=250, sign(μ)=+, m0=60, A0=0, tan(β)=10)

Effects of misalignment:

• Lower number of events selected
• Di-µ ε decreases by ~30% (13%) for first data (longterm)
• Di-e ε decreases by 10% (2%)
• End point still visible, shift of about 1 GeV (first data)

µµ
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H 4µ (Misalignment of µ syst.) ATLAS

• barrel and endcap µ-systems are aligned to few 10‘s of µm by optical systems

• Impact on physics only expected from relative EC to barrel misalignment

200 GeV Higgs, 
similar results for
300 GeV

BW width Acceptance

Linear dependance
of resolution on 
displacement, 
rotation. 
Ex.: 10% at 5mrad

Acceptance
sensitive to rotation 
around x
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LHCb: Velo misalignment
IP resolution for box-
misalignment in x (10-100µm)

Looked at impact of module
and box misalignment.

Here: x and z offset in right velo half.
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Velo misalignment: L1 Trigger (LHCb)

y rotation (Half box)

Most critical DOFs, 
not easy to correct

Note: Silicon used in L1 trigger @LHCb

Need to study impact of misalignment

L1 efficiency reduced by 50% 
for y rotation of 0.7 mrad!
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LHCb: B hh

Degraded momentum resolution                   
degraded mass resolution  

worse S/B

∆p/p ~0.4% ∆p/p ~0.5% ∆p/p ~0.7%

Background considered Bd K+ π -

Bs π+ K -

σ=13 MeV σ=20 MeV σ=26 MeV
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LHCb: Rare Decays, Bs µµ

BR (theory) 3.4x10-9

Exp limit: BR < 4.1x10-7

∆p/p ~ 0.4 %

∆p/p ~ 0.5 %

∆p/p ~0.6 %

∆p/p ~ 0.7 %

Physics motivation:

• In SM Forbidden @tree level
(FCNC)

• Through (helicity suppressed) 
penguin/ box diagram

Momentum resolution has 
strong impact on S/B. Directly
affected by misalignment.
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Bs µµ Mass Resolution (CMS)

Misalignment impacts mass resolution:
45 MeV (ideal)

49 MeV longterm
54 MeV (shortterm)
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Impact on b tagging (ATLAS)

Rejection for 3D b-tagging algorithm for various misalignments.

Note: Similar numbers for 2D algorithm. Slightly more sensitive to 
misalignment than 3D.

Misalignment has a significant impact on performance of b-tagging algorithm.
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Summary
• Tracking resolution impacted by misalignment: +50% (+200%) long (short) term (100 GeV µ, CMS)
• Consequences for physics:

Rejection reduced by 9% for 10µm/30µm misalignment in 
rphi/z (ATLAS)b-tagging

Bs mass resolution 45 49 54 MeV (CMS)
Strong impact on S/B (rare decays) B-Physics

L1 eff reduced by 50% for 0.7 mrad rotation (LHCb)B Physics: Trigger eff

Di-µ mass resolution x1.3 (x3) @3 TeV (CMS)
Needs 50 % more data @ 2TeVRS Graviton search

Di µ efficiency -30% (-13%) (CMS)SUSY endpoint analysis

5 mrad rotation in µ system causees 10% increase in H 
mass resolution (ATLAS)H4µ

1 µm alignment needed (?) (ATLAS)
12 MeV systematics@1fb-1 (CMS)W mass

Alignment needs to be controlled to high accuracy to not compromise physics at the LHC.
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Backup 
Slides
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Long Term Data Taking Scenario

X10 improvement due to track based alignment, except pixels (same misalignment kept).

Assumptions for alignment 
precision of subdetectors (RMS) 
after track based alignment.

Assumptions for alignment precision Δx, Δy, Δz, and Rz of modules, rods, ladders, rings and petals.
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Fake rate (prelim)
Average fake rate in ttH events + pile-up
Track multiplicity between 50 and 100.
Fake rate ≈1.5% for perfect alignment and increases to 4.5%

for short-term alignment scenario
Fake rate decreasing as much as the number of rec hits used.
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RS 1.5 TeV
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ATLAS: H 4µ 300 GeV Higgs
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SUSY Endpoint analysis: More plots

ee
ee

µµ
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LHCb: Velo misalignment, module

IP resolution for module misalignment in y
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Resonances in Di-Muons III

Di-Muon mass resolution for RS Graviton, G* µµ
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Resonances in Di-Muons III


