Georg Steinbruck

Institut fur Experimentalphysik, Universitat Hamburg

On behalf of (ALICE), ATLAS, CMS, LHCb

bmb-+f - Férderschwerpunkt

CMS

GroRBgerdte der physikalischen
Grundlagenforschung

Georg Steinbruck LHC Alignment Workshop 09/05/2006



Overview

* Impact of misalignment on tracking and vertexing

» Impact of misalignment on selected physics channel
SUSY, Higgs-Physics, Standardmodel Physics (W mass),
B Physics
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2 Scenarios:
1. First data, 1-6 months
2. Long term, >6 months

Assumptions for alignment
precision of ...

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

...tracker substructures

First Data Taking scenario:
Laser Alignment + Mechanical constraints—100 um uncertainties

Ax Ay Az R. LAS
[pem] | [ppem] | [pm] | [prad] | available
TPB 10 | 10 [ 10 10 no
TIB 105 105 500 90 yes
TOB 67 67 500 59 yes
T1TPE S S S 5 no
TID 400 400 400 100 no
TEC 57 57 500 46 yes
TPB [ TIB | TOB | TPE | TID | TEC
RMS lpm] | [pm] | [pm] | [pm] | [pm] | [pm]
Modules I3 200 100 2.5 105 50
Ladders/Rods/Rings/Petals 5 200 100 5 300 100

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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Barrel Endcap
Position | Orientation | Position | Orientation
[mm] [mrad] [mm] [mrad]
Muon to tracker 1 0.2 1 0.2
Chambers 1 0.25 1 0.5
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Misalighnment Scenarios (ATLAS):

* 3 level misalignment at simulation level
« Alignment will be used iteratively

Pixel SCT TRT  heference
frame
B I B I
LEVEL Whole detector arre arre Global
1 Endcaps Endcaps
LEVEL Barrel layers Barrel layers Modules
i : Global
2 Endcap disks Endcap disks | (barrel)
LEVEL Modules Modules
- Local
3 (barrel, endcap) | (barrel, endcap)

Proposed numbers for misalignment:
« few mm/ few 1/10t of mrad @L1
« 30-100um/ 0.5-1mrad @ L2
* 30-150um/ 1mrad @ L3
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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.

olpy)/p; vs 1, p;r = 100 GeVic| pT resolution

a{dy) vs n, pr = 100 GeVic

= » perfect aignment i |
-~ n  shor-term alignment |7 T |_____+ E
£ +  long-term alignment | | -
& . l l e — o
| | | [=)
| | |
| | |
T r

Single
Muons

10

Transverse Impact
parameter resolution

1
Note: Same pixel misalignment for short-term and long-term scenario.

Misalignment strongly impacts pT and impact parameter resolution.
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Impact of misalignment on 1/pT resolution:
Tracker and Muon system misaligend together

Global Efficiency vs

Eﬁ 1% _____
=
E ) | | I :-"“-H Muon system misalignment:
E 0.8 —- | | -—l'—-—*ﬂ—- 1mm/ 0.2-0.5 mrad (first data)
f
! T ~+“ fr | 0.2-0.4 mm/ 0.04-0.1 mrad (longterm)
o6p—-——r0 & .
T + ~
B | | ++J g 0.9 —— |deal detector {3
04 | | hTﬁn#ﬂF[____:' ® 08|~ Firstdata I
_ s ,
0 2____ | pzrr::l:aill;rmznl | | | _g 0.7 -—— Long term h’ ‘I_E
' | shiort-lerm algnment. Adgrement enror usexd E 0RE __P I*_:
— lor m slgement  Allgrment emor used o C Fil
ﬂn_ . :-r:'-lz"rn u:nwtt .'u.ll::rrrt'tet'nrnnl used ) $ 05F 1 Tev Muons '_i. *ﬁ—:
0.5 1 5 N ;51.5 g4 Y
f - L] [ 03:_ l-. & _E
(0 Track finding algorithm 0ok ~r i:‘ E
. ““Fa g ]
can deal with Single ) s S et E
isali t | Muons e
misalignment as iong as 055 y TS
good knowledge of pseudorapidity n|
errors. )
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Muon system alignment contributes at high pT.
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X- and Y-coordinates
0z.y | 95% coverage Bias [um] Pully 4
[pm] [pum] X Y
Perfect tracker alignment

BY — J/y¢ [\ 45 119 —05x06 | —0.6x0.6 1.15
ttH 10 26 —0.0£0.2 | 0.1£0.2 1.16
DY 13.5 46 0203 | -0.5x0.3 1.12

— Short-term tracker alignment
B? — J/ye |51 128 —58+0.7 | 12+£0.7 1.16
ttH 47 2.4+0.2 16 = 0.2 1.48
DY 24 62 1.6£04 16 = 0.4 1.23

Long-term tracker alignment

BY = J/y¢ | 51 127 —10+ 0.7 11+0.7 1.16
ttH 17 47 —95+04 | 11+04 1.46
DY 22 59 —89+04 | 11+04 1.28

. Effect on vertex finding efficiency relatively small (max. 3.5%: 99.3->95.8% for ttH)

. Resolution: significant degradation by 6-8 pm in x,y,z

. Short-term, high pT: misalignment of silicon strip also plays a role
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« Only tracks matched to simulated tracks used, 4 tracks with low pT 2> vertex

x-coordinate

z-coordinate

Res. Std. Dev. Res. Mean 95% Cov. Pull | Res. Std. Dev. Res. Mean 95% Cov. Pull
[ pom] [ pim] [ pm] [ pm] [ pm] [ ppm]
7~ ~erfect tracker alignment T\
BY — J/Y ¢ SV 42/ 0.545 164 1.090 | \_726 ) -0.718 445 1.08
BY = J/¢y ¢ PV 43.8 0.596 176 1.11 54 0.633 223 1.07
ttH 13.5 -0.299 106 1.45 17.2 -0.0625 116 1.43
_~—sjort-term tracker alignment 7 N\
BY = J/¢ ¢SV (66.6) -2.5 190 1.12 \_84_/ 1.82 519 1.08
BY — J/y ¢ PV ; -8.16 233 1.16 57.7 -2.32 282 1.07
ttH 24.3 0.69 205 1.97 24.3 1.79 244 1.58
Long-term tracker alignment
BY — J/¢Y ¢SV 63.8 -10.9 177 1.09 80.5 -3.86 502 1.07
BY — J/¢y ¢ PV 479 -10.8 187 1.13 57.2 -4.86 233 1.06
ttH 20.9 -11.6 116 1.83 22.3 -4.25 129 1.56

. SV of B®—J/y ¢: 12 um 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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Misalighment Scenarios (ATLAS):

| Reconstructed pt |

C Misal.in RECO
- ;— pqu Nomislgm ts
102 = - % Level 3
10 B
— i NNE
: ;.;:.,.,.,.,.",.,.,.;.:. .EE... L L
-200 150 100 50 0 0 100 150
(GeV)
B Misal.in RECO
Mo misalignments
10° = pTIq oo Level 1
E l]m]] Level 2
- E Level 3
B L Level 321
10 — %

-200

-150

-100 -50 0
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Correlated misalignment has
significant impact on pT, both in
terms of resolution and bias.

\ Reconstructed pt, n|>1 |
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Muons from H(300 GeV)>ZZ->eeupu

o(pr)pr vs Py
E *= perfect alignment j
= *  ghort-term algnman: i i
= i long-tem alignment | —] .
I I 1 1 T
107" ! ! ! l‘""_+_+
| | ==t
| | = 1
L 1 _+_ = 1 E
T — - e
= - T
: o ++l+ii' 1
IR B .F{-_
102 La =2 -
| j ———1 -
0 20 40 60 80 100
Py [GeViE]

| Z->pumass |

10.07

5
50.08

T

m
0.05

0.04
0.03
0.02

0.01

—— peeriect alpnment mean = 8558, RME = 5735
——————— — short-fenm aligement; mean = 55,590, FME = T.242

ong-terr alignment; mean = B9.595E SRS - 5.713

120
M[GeVic’]

Excellent alignment required for ,no effect®. Short term misalignment significantly

degrades momentum and mass resolution.
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Mass S

0.08 SR T L R —— ]

0.96—

Reconstruction efficiency

Misalignment scenarios:
—a— Mon-misaligned detector
--{i3-- First data misalignment

0.92—

mass resolution AM/ M

0.oli oy Long term misalignment . Misalignment scenarios:

102 10° "" —o6— Non-misaligned detector |
Di-muon invariant mass M., (GeV/c?®) = S

nw?

7| -3~ First data misalignment [

i 5, I . . <y Long term misalignment |

10° 10°
Di-muon invariant mass M

|Nnvar.

Offline Impact

efficienc small
y . (GeVIc)

 No misalignment
Large Impact (Note log scale!)
Mass  First data

resolution x1.3, x3 @1 TeV - Long term

x1.4, x5 @3 TeV
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 Example for ~early LHC physics: Resonances in Di-Muons

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

| | T [T _
o 10°E Zvg, 4 o~ 0.01
= Z|_|:|p.|| ] y nlina.conctant).... ...
= %ssm - é iphling (,enstaﬂt)-#‘_'_\
7 2 SIS - R A A e - Al-AM —]|
S "% Short term i
E | alignment ' 19
i 10 = s < i’ b I - ©
— E R
L - . 87
11 ____________________________ ongterm_ | € . ogieem
B alignment |
10‘15_‘ “““““““““““““““““““““““““““““ B -
i E 1000 1500 2000 2500 3000 'D?.suu ' ‘_ieuu
102 - ]
SR NI N NI NN N NN NI USSR BN Dlmuon Mass
1 2 3 4 5 6

Z mass (TeV) Note: Would need about 50%
less data if optimal alignment!
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[deal Long term Long term First data First data
alignment (Muon) (Muon + Tr.) (Muon) (Muon + Tr.)
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W mass measurement (CMS)

* One of the most challenging Uncertainties for W mass

measurements at the LHC! measurement in the muon channel:

» Goal ~25 MeV per channel! ]

with 1 fb-! with 10 fb-1
transformation method applied to W— o
statistics 40 15
hacl-:gr-;::un-:l 10% 4 2% ﬂegligible
momentum scale 0.1% 14 <0.1% <10
1/ resolution 10% 30 <3% =10
acce plance -:lefi.piri-:m -resol, 19 < Ty = 10
calonmeter ET', scale 2% 38 <1% = 200
calomimabor F,?“'“f reanlnibiom S0 il =3 <18
detector alignment | l 12 l | i l negligible
total instrumen tal 64 X\ <30
PDF uncertainties =200 <10
' 10 < 10
» N

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):

ATLAS study
from 1999

(ATLAS TDR)

1 umin rphi, 10 yumin R, 10 ym in z in the pixels, stable over >1 day

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

Table 2-2 R¢ alignment precisions {um) which can be obtained after one day of low luminosity running. Results
are given for different types of tracks, using both complete modules and the R¢ overlaps.

Type of Track Pixels SCT
Barrel End-cap Barrel End-cap
Module Overlap Module Overlap | Module Overlap Module Overlap
W — v 1.0 1.2 2 1.3
Single muons 0.4 2.4 04 4 0.7 7 0.5 5
Low-py tracks 0.7 0.9 1.5 1.0
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SUSY Endpoint analysis

- In some mSUGRA parameter space, have ,° (from the
decay of squarks and gluinos)

* %% = %4° Il: SFOS leptons with characteristic endpoint.

(m%=250, sign(u)=+, m0=60, A0=0, tan(B)=10)

40 60 80 100 120
Mass(Gev/c))

ey

r Mean 60.12
20 . RMS 28.25

132- MM erton ¢

Overflow

16;_ —Ideal_alignment
14

Effects of misalignment:

—FirstData

12
10f

» Lower number of events selected

* Di-u € decreases by ~30% (13%) for first data (longterm)
* Di-e € decreases by 10% (2%)

» End point still visible, shift of about 1 GeV (first data)

332
59.3

number of muon pairs

0

(=] N N o]
TJT T T[T T T[T TT 1T

0 20 .40 60 80 100 120 140 160 180 200
- 2
M(u"w) (GeV/c’)
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H->4pu (Misalignment of p syst.) ATLAS

* barrel and endcap p-systems are aligned to few 10‘s of um by optical systems

 Impact on physics only expected from relative EC to barrel misalignment

BW width
5 T T
1.2 Relative Higgs BW width
1.15
1.1 '
1.05
1 ® displ z {rec)
0.95 W displ T {rec)
0.9 4 displ z {fit)
0.85 (a) ¥ displ T (fit)
085 1 2 3 4 5
displacement (mm)
1.25 —
12" Relative Higgs BW width
1.13 '
1.1
1.05
1 ® rotot 7z (rec)
0.95 ® rotat T (rec)
0.9 4 rotat z (fit)
0.85 (b} ¥ rotat T {fit)
1 1
08 0 2 4 6 8 10

rotation {mrad

1.2

11

0.9

0.a

0.7

1.2

1.1

0.9

0.8

0.7

Acceptance

I
e displ z {rec)
m displ T (rec)
a displ z {fit}

Relative Zo acceptance

v displ T (fit)
e e St FEITTTI T .-.*.-:_-‘
(a)
I 1
0 1 2 ) : ;

displacement (mm)

e ratat z (rec)
mrotat T (rec)
a rotat z (fith
v rotat T (fit)

~ Relative 20 acceptaonce

._.-_-.-.-,:T:__:T-

|
0 2 4 6 E 10
rotation (mrad)
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Linear dependance
of resolution on
displacement,
rotation.

Ex.: 10% at 5mrad

Acceptance
sensitive to rotation
around X

200 GeV Higgs,

similar results for
300 GeV

17

Georg Steinbruck

LHC Alignment Workshop



IP resolution for box-
mlsallqnment in X (10-100um)

; ; ‘3:

. j B e P b . X [
Bl B : =
e 5 :
— e | IR | .9
3 D12 I l I I l l ________ i Y .
' ¥ k= : P
= ;
- i v g (=] :
v . o
Q
e

Looked at impact of module .08 I I I l I I %
and box misalignment. e e 9: __________________ _________________

C 1 | I 11 |

15 -1 05 D 0.5 1 15 2
5 log(1/Pt(GeV)

m Parameter affected by

N N‘ & N‘ N‘ J Proper time = T = ¢ Ipgl VELO misalignments

Here: x and z offset in right velo half.
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)Lgcb
AV

Velo misalignment: L1 Trigger (LHCb

Note: Silicon used in L1 trigger @LHCb ‘\ i ‘ ‘ \

Y axis
- Need to study impact of misalignment ‘

= Which misalignments are annoying for proper time ? I I l I I I
Translation Rotation y rotation (Half bOX)

>

—

X|1Y|Z |[X|VY]|Z

=
o =~ & o
L1 MinBias Retention

TF B.—KKevents | -
] — - e s —

< 07 . S T S
o = ; 5 ; ; :
= Requested precision, for less than 10% drop of efficiency on level 1 trigger: 0.6 ? : : : :

fficiency
=
0
|

Station
Half box

Ve oy Translation Rotation (}_5:____. ____________ __________ ______________ _________

o e x v ]|z xlv |z 0_4;_ ________ ________ _________________________ _________________________ o

o oolioo =11 Pp— 035_ _________________________ g S S —)

the most criticals n '!__ ......................... ...................... - H-h"u._\u ......................... é _E .
Halfbox |40 |100]100([0.2] 0.2 1 = =
i 1 Ei_i_?"_“h_ ........... i ......................... R — o 1__ .

=
th

=]
T

=
[ %]

(=]
[~

=]
-

Most critical DOFs, T R S
nOt easy tO Correct Misalianment Scale (mrad)

L1 efficiency reduced by 50%
for y rotation of 0.7 mrad!

1

i
1]
[
1

1
La.
=
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LHCb: B->hh

Ap/p ~0.5% Ap/p ~0.7%

B Mass | B Mass with new Momentum | B Mass with new Momentum |
B Mass = 25 L B Mass with new Momsmurrl\ 22F L P ]
H Entries 231 i Eries 231 Entries 231
30 Mean 5367 Mean 5366 . Maan S B é 7T_|_ K =
RMS 15.36 3 AMS 2373 F R 29,39
Underflow 0 201 o 4 18 Underflow o S
25 Overflow (4] Overflow 0 16 :— ived\uw °
2/ nolf 16.95/15 ¥/ ndk 11.53 /15 2Rt et
Prob 0.3215 15'_ Prob 07758 14p Zmb Bi3lar
onstant 1398+ 1.45
Constant 31.83+3.10 - Constant 214+2.0 12 M ———
Mean 5367 £ 0.9 Mean 5367+ 1.5 Sigma
Sigma. 13.36 + 0.94 Sigma 20.07 % 1.41
| B/S for the Bs->n+K-vs Mass Resolution
%00 5100 5200 5300 5400 5500 5600 5700 00 5100 5200 5300 5400 5500 5600 5700 5100 5200 5300 5400 — 3
B Mass (MeV) B Mass (MeV) B g —
2 L
— — w [
0=13 MeV 0=20 MeV 0=26 MeV |3 2sF
c L
= C
o L
Degraded momentum resolution g r
3] L
. & [
-> degraded mass resolution R —
1.5
—>worse S/B -
1
- —k————
05—

Ll Lisd Ll Ly Ll AN | Ll | L
H - 12 14 16 18 20 22 24 26 28 30 32
Background considered Bd =2 K+ 1T o(Bs Mass [MeV])
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Physics motivation:

* In SM Forbidden @tree level
(FCNC)

» Through (helicity suppressed)
penguin/ box diagram

b 2 + |.l.+
w
| & _
. u
b W i W
5 > | "l"'r'_ " * J-l_
BR (theory) 3.4x10-°

Exp limit: BR < 4.1x107

Georg Steinbruck

0

r'Y Mass Resolution 19.45 +/- 1.89 9 Ap/p ~ 0-4 °/°

ution 23.61 +/- 1.84 9 Ap/p 3 0‘5 °/°
> Ap/p ~0.6 %

|

=] IMass Resol

O MMass Resolution 25.05 +/- 2.09
|

L Mass Resolution 27.91 +/- 2.68

- > Ap/p ~0.7 %

. : o 5 & .

- o [m] - LH 3

n o g @ *

B g

- 8

B 1 I 1 1 1 | | 1 1 | 1 1 1 | | 1 | | 1 I |
20 40 60 80 100 120

_ Mass window [MeV]
Momentum resolution has

strong impact on S/B. Directly
affected by misalignment.
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B.~>uu Mass Resolution (CMS)

B, — u'p" (Reco PID)

L=
'E B hsalignment scenario
= = ldeal [G=45 Mel'
Eil— - | —— Short term (=54 Me'J)
~ —-—- Long term (=48 MeV'|
40
30
20 |
10 ]
|:|_=|—| [ | |—I:E | T I I A I O A r—m T -l
5 51 5.2 5.3 54 5.5 5.6 L 5.4
Mass [Gel]

Misalignment impacts mass resolution:
45 MeV (ideal)

—249 MeV longterm

->54 MeV (shortterm)
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Impact on b tagging (ATLAS)

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

Ry =R, R, R, R,
perfect | oy = dpm | opy = 10pm | opy = 20pm
alignm. | o, = 15pm | o, = 30pm | o, = 60pm

3D =50% | 262 £ 8 209 £ 8 237 £ 7 175 + 4
ep=060% 81 + 1 79+ 1 74+ 1 57 £ 1
R?J./'IIRD -RIL}"R(] Ru ,"’Rl] Rﬂ,"rR['.l

3D e=50% 1.00 (.99 0.91 0.67
ep=60% 1.00 (.97 .92 0.71

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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* Tracking resolution impacted by misalignment: +50% (+200%) long (short) term (100 GeV y, CMS)
« Consequences for physics:

Di-p massresolution x1.3 (x3) @3 TeV (CMS)

RS Graviton search Needs 50 % moredata @ 2TeV

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

5mrad rotation in p system causees 10% increasein H
massresolution (ATLAYS)

1 um alignment needed (?) (ATLAS)

H4p

W mass 12 MeV systematics@1fbl (CMS)
B Physics: Trigger eff L 1 eff reduced by 50% for 0.7 mrad rotation (LHCD)
B-Physics Bs ma$reﬁol ution 45>49->54 MeV (CMS)
Strong impact on S/B (rare decays)
b-tagging Reg ection reduced by 9% for 10um/30pum misalignment in

rphi/z (ATLAYS)

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

Az

Ay

Az

R

Assumptions for alignment ?

precision of subdetectors (RMS) PR [‘i?] ['Lg"] [‘T;] L ng]

after track based alignment. 1 | 105 | 105 50 0
TOB 6.7 6.7 50 5.9
TPE 5 5 5 5
TID 40 40 40 10
TEC 5.7 5.7 50 4.6

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

Assumptions for alignment precision Ax, Ay, Az, and R, of modules, rods, ladders, rings and petals.

TPB | TIB | TOB | TPE | TID | TEC

[pn] | [pm] | [pn] | [pm] | [pm] | [pmn]
Modules 13 20 10 2.5 10.5 5
Ladders/Rods/Rings/Petals 5 20 10 5 30 10
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Fake rate (prelim)

m Average fakerate in ttH events + pile-up
m Track multiplicity between 50 and 100.

m Fakerate =~ 1.5% for perfect alignment and increases to 4.5%
for short-term alignment scenario
m Fake rate decreasing as much as the number of rec hits used.

| Fake rate vs 1 for bt03 ttH120_8j Entries 24867
o © Perfect Aignment _ el | Fake Rate vs No. of hits
‘ao 14 u Alignment in < 1 fb™; Alignment error used S 0.4995 Py Ym———
oo A Alignment in < 1 b™"; Alignment error nol used 9 Alignment?n ) e e e
g - I : . E 0.6 Alignment in < 1 qu; Alignment error not used
¢u0.1 2 @ - F * i
& 05 _ .........................................................................................
0.4 _________________________________________________________________________________________
0.3 _ .........................................................................................
b b
.
02 _ .........................................................................................
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ATLAS: H>4pu 300 GeV Higgs

0.9

0.8

0.7

0.9

0.8

0.7

- Relative 20 acceptance e displ z {rec)
m displ T (rec)
4 displ z {fit)
¥ displ T (fit)
.uIJ_LLH._
i g
(a)
1 1
] 1 2 3 4 5

displacement (mm)

~ Relative 20 acceptance

® rotat z (rec)
m rotot T (rec)
a rotat z (fit)
¥ rotat T (fit)

AT -»_-_-,-_T:T:_.-

Georg Steinbruck

il 10
rotation (mrad)

LHC Alignment Workshop

09/05/2006

29



) - ) = Entries 453
g 8§ T £ af e
g . a - g 18%‘— ““ Underflow 0
c C g i S E Overfiow 5
g —Ideal_alignment = 2 —Ideal_alignment 2 18- — Ideal_alignment
o 1L B e ¢ na
. o [ : _

% [ —FirstData T & —LongTerm IS LongTerm
w 15 w 15 =
o - o C Q o
6 B L £ Entres 427
0 - 0 - g 8 Mean 59.9
E 10 E 10 F RMS 2756
5 3 o oo 5
= I i ac

5 . 2F

L il 00 20 40 60‘ 80 100 120 140 160 180 200
+ - 2
0556405055 160 120 140 160 180 200 % 20 40 60 80 100 120 140 160 180 20 M(u"w) (GeVic)
M(e'e) (GeV/c ) M(e'e) (GeV/c )

LHC Alignment Workshop 09/05/2006 30

Georg Steinbruck




LHCDb: Velo misalignment,

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

Di-Muon mass resolution for RS Graviton, G*>
Some examples of misalignment effects on the mass reach (in fb™*):

mass | ¢ | Ideal | With misalignment

1000 | 0.1 | 0.006 | 0.007 (First data)
1000 | 0.1 | 0.006 | 0.006 (Long term)

1500 | 0.1 | 0.050 | 0.051 (Long term)
1500 | 0.01 | 3.1 3.6 (Long term)
1500 | 0.1 | 0.05 | 0.08 (First data)

3000 | 0.1 | 6.2 | 6.4 (Long term)

Variations are largest for large background (¢ = 0.01) or First Data.

Currently, the production of samples with misalignment is being finishec

(durine the last time performance of castor was not ontimal).
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