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TOTEM Physics Programme

Total cross section Elastic scattering
ultimately ~ 1% precision wide ¢ range
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Hard and Soft Diffraction

(covered by the talk of Simone)




“islam Why...

———— Petrov-Predazzi-Prokudin (2P)
Petrov-Predazzi-Prokudin (3P)
Bourrely-Soffer-Wu

— Block-Halzen e theoretical understanding not complete

Elastic scattering (diffraction in general)
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e number of approaches: Regge, geometrical, eikonal,
QCD, ... = rather incompatible predictions

e intimately related to the structure of proton

Total cross section

e various models/approaches: oo, ~ In s,

Otot ~ In? s, oot ~ 5O~

e predictions for /s = 14 TeV:
90 mb < oot < 130 mb = 40% uncertainty

e available data not decisive (incompatible CDF/E810
considered C ] measurements)

e implications to cosmic ray physics etc.

TOTEM = precise and decisive measurement
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Total Cross Section Measurement

o Luminosity Independent Method
Otot X %A(t = O), dO’/dt X |14|27 dN = Ldo, Niot = Nel + Ninel

I
1 dN/dt|

(Ve + Nine1)*
151 Qz Nel + Ninel,

dN/dt|g

L=(1+0%

Otot —

dN/dt|p : extrapolation of elastic rate to t = 0

Ng : total elastic rate

Nipel © total inelastic rate

o : ratio of real to imaginary part of elastic amplitude

requirements for detectors: detection of forward protons and large pseudorapidity coverage




TOTEM Detectors

e Roman Pots o telescopes T1and T2: tracking of charged particles
- measurement of forward protons  produced in inelastic events
— measurement of inelastic rate
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o for details on instrumentation see Gennaro’s talk




Acceptance of TOTEM Detectors

scattering angle ¢ (rad)
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optical functions transport of elastic pr otons
‘ Tdet = La 3

S Ly’)r/ ol "y.’/z%-

z = beam axis

, are angles and x*, y* are

LHC magnet lattice coordmates of a proton at IP

L and v, ,, are optical functions

!

define which ¢ can be seen (= acceptance)

l

example: elastic hits seen by 3 different optics

(the gray ellipse shows 100 beam envelope)
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Scenarios
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1) high g*

e 3*=1535m

o £~ 10%8 102 cm—2s1

e elastic resolution: o(¥;) ~ 0.23 purad, o(vy) ~ 0.22 prad
e vertical sensors at 1.35 mm from beam center

2) medium [5*

e /*=90m

o £L~10%0 cm—2s~!

e elastic resolution: o(9;) ~ 5 urad (low effective length),
o(y) ~ 1.7 prad

e vertical sensors at 6.4 mm from beam center

[t (GeV2)

Petrov-Predazzi-Prokudin (2P)

Petrov-Predazzi-Prokudin (3P)

Bourrely-Soffer-Wu 3) 10W d*

B* = 0.5 + 2 m (early running: p = 5 TeV, 5* ~ 3 m)
L~ 1033 cm—2s71

elastic resolution: o(d;) ~ 16 urad, o(dy) ~ 12 urad
vertical sensors at 3.3 mm from beam center

20% acceptanc

ranges:

B* = 1535 m

e sensors at 100 + 0.5 mm from beam center
e resolution (usually) limited by beam divergence




Extrapolation

Islam et al.
Petrov et al. (2P)
Petrov et al. (3P)
Bourely et al.

Block et al.
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e do/dt|p experimentally inaccessible

e extrapolation = parameterization needed

i) = eM () TEEH i—? = |T(t)]?>, M, P polynomials

e questions
— optimal fit range
— optimal degree of polynomials

... as model independent as possible




Extrapolation and Coulomb scattering

e “elastic scattering = strong (hadronic) + electro-magnetic (Coulomb) interaction”

e 2 approaches
“traditional” (a la West-Yennie)

TC+H i—fl( ) falt )e;m (In(=Bt/2)+7) | %p\/g(g+i)eBt/2

— eikonal (Kundrat-Lokaji¢ek), formula too long — see the talk of Vojtéch

o traditional approach internally inconsistent — the eikonal one shall be preferred

——— Coulomb scattering

——— hadronic scattering

(Petrov-Predazzi-Prokudin)
—— WY formula

— KL formula

do/dt (mb/GeV?)

—
<,
o

0.002 0.004 0.006 0.008 0.01
[t] (GeV?2)

(KL -WY)/KL (%)

Islam et al.
Petrov et al. (2P)
Petrov et al. (3P)
Bourely et al.

Block et al.

10-3 10—2
[t] (GeV?)




Extrapolation at 5*

e parameterization
T(t) ' ei¢’€a+(b0+b1t+b2t2)t

(quadratic B(t), constant phase)

model) / model

o using Kundréat-Lokaji¢ek formula
e upper bound |t| = 4- 1072 GeV?

e based on preliminary
simulation/reconstruction data

(extrapolati
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e most models within £0.2%

= 1535 m

islam

Petrov-Predazzi-Prokudin, 2 pomerons
Petrov-Predazzi-Prokudin, 3 pomerons
Bourrely-Soffer-Wu

Block-Halzen

0.01 0.015
lower bound of fit




ty resolution Extrapolation at 5* = 90 m

ty resolution

e advantage: Coulomb effects negligible
e disadvantage: poor ¢, resolution (¢ resolution as well)

o possible solutions:
1) use t-distribution anyway

2) “convert” t,-distribution to ¢-distribution (azimuthal
symmetry)
t =ty + ty, tzztcos2<p, ty:ﬁsin2g0
0
do do do do do
S = RER du — (u) —(t —
dt,  dt, at D F / yrr A
t
- low |t,| information missing = extrapolation needed

3) “convert” t-parameterization to t,-parameterization
/2

dl(t)_g/ o Ola( by )
dty "Y' " 7w J sin2p dt \sin2gp
(0]

a% 1 0ty +ct +dt]
s ——————
dty e VIbty|

o left: results of approach 3)
—upper bound |¢| = 0.25 GeV?
— based on preliminary simulation/reconstruction data
0.06 0.07 0.08 — the offset —2% due to beam divergence

lower bound of fit (GeV?)

(c,d small)




Total Cross Section — Combined Uncertainty

1 dN/dt|0
-+ 92 Nel i Ninel

Otot =

90 535 (m)

dN / dtlo Extrapolation of elastic rate tot = 0 _
Total elastic rate (correlated with extrapolation)

Total inelastic rate (error dominated by Single
Ninel Diffractive trigger losses) 0.8%

0= RA(1)/SA(t External input, e.g. from COMPETE. 1.2%
Error contribution from (1 + ¢?)
Total for £




Sensitivity to Misalignment

e a simple (but instructive) example

e proton transport: ygey = Lydy + vyy*

e a Roman Pot in 220 m station displaced by 100 ym =- angular error A :

A (prad) | beam divergence (urad)
R N I R N

--_
| 2 | s | s | s

= 1535 m optics needs perfect alignment




package of 10 detectors |
% Y

» Alignment Procedures

1) internal alignment (one Roman Pot level)
o track-based (Millepede-like) alignment
e whatever straight tracks: beam test, commissioning, etc.

2) station alignment — 2 aspects
o relative RP alignment within a station
— track-based using overlap
e alignment wrt. beam
— physics processes: hit and angular distributions

78 9 10 11

plane number 3) global alignment (left-right)
e_elastic tracks

e track-based alignment with elastic tracks

rate  (Hz/bin)

4) external information
— Beam Position Monitors — can watch fast beam variations
— motor control — very useful after calibration




Thank you for your attention

(kaspar = joker :-)



proton transport equation
z = beam axis Tdet = Ly 1)‘,< = 77.7”,"1'* aF D{
Ydet = LyVy + vyy”

LHC magnet lattice

U5, and 27, y* are angles and coordinates of a proton at IP, { = Ap /p is proton momentum

loss

Ly, vy and D are optical functions

!

define which ¢ and & can be seen (= acceptance)

l

example: with the same sample of diffractive protons

Diffractive protons : hit distribution @ RP220
low=05-2m highp= 90 m




Scenarios

&>
#'o-

0 1
Logw(-tIGeVZ)

low 5* 6% =90 m O = M8 h
B*=05+2m, L~ 103 cm— 251 £~ 1030 cm—2s71 £ ~1028 +10%29 cm— 2571
early running: p = 5 TeV, 8* ~3m

elastic acceptance elastic acceptance elastic acceptance
2 < [t/GeV?| < 10 1072 < [ty /GeV?| < 10 3-1073 < |t/GeVZ| < 0.5
resolution resolution resolution
o(9) = 15 urad o(9) ~ 1.7 urad o(¥) ~ 0.3 prad
o) ~1+6-10"3 o) = 6+15-10"3 (€)= 2+10-1073
all £ seen, universal optics all £ seen
diffraction, high |¢| elastic scattering diffraction, mid |¢t| elastic scattering, total cross section, low |t| elastic
total cross section scattering

this is a backup slide 18



Complication at 3* = 90 m: only ¢, is measured

e L, ~ 0 m = only ¢, can practically be recon-
structed = do/dt, measured instead of do /d¢

origina do/dt
simulated do/dty

recongtruction of dddt

from full range

reconstruction of d ddt

from range conver by acceptance

o transformation between p.d.fs. of random vari-
ables t, p and ty, ¢

+———— acceptance region
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ty(t, o) = tsin® o =

/2
do 2 dp  do Ty
= o 1
dty(y) I / sinp dt (sin2<p> @)
0

. 5 025
It] or |t (GeV?)

e inverse transformation (consequence of azimuthal symmetry)

til s T e e hcas b, ty= tsin® o
0
do do do do do
—LL Nk du = (u) —(t — u
W o TR / o, 7 e )

— can be well adapted for discrete case of histograms

— cannot be used because information from low |t,| region is missing

this is a backup slide



SD extrapolation to low masses

e assuming do/dM? oc 1/M?

/2 CeV

N

Acceptance
single diffraction

masses M

a0 100
M, Ge¥

this is a backup slide

simulated

extrapolated
detected
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