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TOTEM Physics

* Total p-p cross section at 14 TeV with a precision of 1%
(Optical Theorem , Luminosity independent method)

Elastic p-p scattering cross-section do/dt in the range
10-3 GeV? < -t < 10 GeV?

- Particle and energy flow in the forward direction
* Measurement of leading particles

- Diffractive phenomena with high cross-sections

* Absolute luminosity measurement and calibration of CMS luminosity monitors

Different running scenarios (B* = 1540, 170, 18, 0.5 m)

V.Avati/TOTEM



ﬁ()’l‘EM Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC ]

Total p-p Cross-Section

* Current models predict for
14 TeV: 90 - 130 mb

+ Aim of TOTEM: ~ 1% accuracy

*  Luminosity independent
method:

Optical L 167 dN‘

Theorem tot 1+,02 dt‘
t=0

L a[ot — Nelastlc + Nlnelastlc

U

16 7 (dN/dt)\tO
1+p° N, +N

Otot =

inel
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COMPETE Collaboration:

o i 5 5 5
— - — best fit with stat. error band
& incl. both TEVATRON points
o s | —— total error band of best fit: AT
- total cum band from all lllodf:ls _
CDI]SICICLECI. -
I Cosmic Rays

60 % .
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COMPETE Collaboration fits all available hadronic data
and predicts at LHC:

G =1115£1.2 727 mb

[PRL 89 201801 (2002)]
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Measurement of o,

Luminosity-independent measurement of the total cross-section using the
Optical Theorem:

~
167 dN, N t
Lgtit:1+pzx dtI - |0 = 167 x(d elld)‘tzo
“ 1+p* N, +N
I . /0 el inel
Ot = |\Iel + |\Iinel ),

* Measure the elastic and inelastic rate with a precision better than 1%
- Extrapolate the elastic cross-sectiontot =0

Or conversely:

Extract luminosity: 1+ p? (N + N )2
— el inel

16 7 (dN , /dt)],_,
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Experimental apparatus

MEA f4

w7 I [ T1:3.1<n<4.7

T2:5.3<n<6.5

L1 a2 Q3 o TAN D2 Q4 Qs a6
A5 e e e IO, - ————— === —%#{]
= uuuuHH‘Hﬁ s T HH .

228

RP1 (147 m) RP2 (180m)  RP3 (220 m)
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T1 Telescope

5 planes of Cathode Strip Chambers
Measurement of 3 coordinates per plane

S
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. < I I < 6.8

yﬂ/ _ -
ff,':::j( N—

T2 GEM Telescope
13.5 m from IP

400 m
pRees Bellow
.T[KI(I m - “Castor Calorimeter
T (CMS)
il Geometric acceptance
B REE
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T2 telescope

10 triple-GEM planes, to cope with high particle fluxes

GEM 3
GEW 2
GEM 1

Drit

SIRak
i
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Pads:

Strips:

65(p) X 24(n) = 1536 pads
An X Ap = 0.06 x 0.018x
2X2 mm? —7x7 mm?2

256 (width: 80 um,pitch: 400 um)

o

N

- - 4/
Analog r/o circular strips

Resolution:

strips

K-COORDINATE

or~115um ; o,~ 16mrad
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Telescopes performances: provide full inclusive trigger

T1 T2
* LVL1 trigger done with anode wires: pattern * LVL1 trigger done using sectors
optimized fo trigger on primary tracks (5x3 pads)
* Pointing power at LVL1 - NSD:
* Non Single Diffractive Trigger efficiency: larm >94%
(Minimum bias+double diffr): » Single diffractive:
Trigger efficiency: larm >98% - 2arms >88% Trigger efficiency: larm >80

- Single diffractive:
Trigger efficiency: larm >70%

T1+T2 Trigger efficiency —=> NSD: larm > 99% - 2arms > 91% SD: 1 arm> 81%

Efficlency
:‘2::5 27.8§ Mass Enlrleﬂass 9887
= o007 on” 1115
- i SD mass plot '
08— 800|—
wsl Triggered mass in SD aanf Triggered in T2
- (T1+T2) -
04— 400
02— 200:
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Telescopes performances: vertex reconstruction

T1 resolution : ox = 0.36 mm Primary vertex resolution
oy = 0.62 mm ] E
T2 resolution: op~115um oo | .
c,~ lémrad |
200 :— R %
o | :
Reconstructed vertex well inside the ) e S |
beampipe (c~3mm) and within £5 c¢cm along ’”"’
The beam GXiS Ezzsu 3 = 111
& g_ o =446 £ 0.4mm
The primary vertex resolution is sufficient o
to discriminate beam-beam from beam-gas
events . . . .

V.Avati/TOTEM
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Roman Pot station with two units 4 m apart

P Vertical Roman Pot

A Horizontal Roman Pot

hhhhh

T

Beampipes

4 meters

Roman Pot unit

-Vertical and horizontal pots mounted as close
as possible

-BPM fixed to the structure gives precise
position of the beam

-Final prototype at the end of 2005

110 beam

V.Avati/TOTEM
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Roman Pot : installation in the SPS on Aug. 18 2004
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and Diffraction Dissociation at the LHC

Si detectors and read-out N |
inside the Roman Pots iy
(Test Beam 2004) B e
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Edgeless Silicon Detectors for the RPs

Active edges: X-ray measurement

e
> o

=k
N
L I

[N
I L

o
<3

Signal [a.u

o o 9
N O O
| |

o

Ip .

Planar technology:
Testbeam: 40 pm dead area

22 30:
§ § g 255- |
| (@© @®© g 1\|7Lklﬂ Jb‘ ||J ‘
[¢B] D & ’
£ g
3 = E
: 8 8 = = 105
active edges planar technology CTS s-_Detector1 __ Detector 2
(“planar/3D”) (Curr. Termin. Struct.) PR TS O SN Y
20 40 60 80 100 120

Vertical detector 8
V.Avati/TOTEM




ﬁ()’l‘EM Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC ]

3D-Si Detector: Edge Sensitivity (Test Beam 2003)

With 6 pm 13 keV X-rays With high energy particle tracks
§ o Jw'mm”“’uh I“H[l“ ‘n \M M\J th]m h”
ST i
&

04 Fit width = (3.203 + 0.004) mm -
i Phys. width = (3.195 + 0.001) mm ]

02 -
o it b H L
Electrodes
~ 1.8% of total area
>
2 1
k3 C
= 08 |
‘I:I_J [
10 — 90 % signal g8 *
transition = (6 = 2) pm S—a - > -
02 |- =
0:\Hwﬂﬂﬂﬂlwﬂﬂwrﬂv\‘\\\\‘\\\\%

-0.5 -0.25 0 0.25 0.5

V.Avati/TOTEM



V.Avati/TOTEM

ﬁ()’l‘EM Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC ]

Running Scenario

[cm2 s1]

Scenario 1 2 3 4
Physics: low |t| elastic, large |t| diffraction hard
- elastic diffraction
tot?
min. bias, (under study)
soft diffraction
B* [m] 1540 18 1540 170
N of bunches 43 2808 156 2808
N of part. per bunch 0.3 x 101! 1.15x 1011 (0.6 - 1.15) x 1.15 x 104
1011
Half crossing angle 0 160 0 150
[urad]
Transv. norm. emitt. 1 3.75 1-3.75 3.75
[um rad]
RMS beam size at IP 454 95 454 - 880 270
[um]
RMS beam diverg. 0.29 5.28 0.29 -0.57 1.7
[urad]
Peak luminosity 1.6 x 1028 3.6 x 10 2.4 x10%® ~ 0.5 10%




ﬁ()’l‘EM Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC ]

TOTEM Optics Conditions

LFOTEM ~10%®cm2s -1

TOTEM needs special/independent short runs at high-p* (1540m) and low &
for precise measurement of the scattering angle down to few prad

6(0*) = Ve / B* ~ 0.3 prad

Consequence: large beam size at IP c*=Vegp* ~ 0.4mm
y =L 0+ vy L = (Bp*)!/2 sin p(s)
x=1L,0,"+v, x+£D, v = (B/B*)}2 cos n(s)

0.006

At the detector: Maximize L and minimize v

0.005 ,
* parallel to point focussing (v=0) > unique position-angle
r‘equion 0.004 1() r.m.s. beam sizes
‘Maximize L, - sizeable distance to the beam

0.003 -

Vertical position/m

center(~1mm) \

0.002 | T i
Reduced number of bunches ( 43 and 156 ) to avoid Ronen
. . Po
interactions further downstream T ]

initial angle
Q5 Q6
O Il Il Il

Trajectories of protons scattered at the same angle bquVv O ’ P v
different vertex locations

V.Avati/TOTEM
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High B optics ( 1540 m ): lattice functions

o L
250 |
200 |
150 |
100 - “x
50 |

05" 5585 95 100 125 150 175 300 2&5
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y=L 6+ vy

= L6, "+v, X"+E D,

s{m)

v= (B/p*)}2 cos n(s)
L = (BR*)¥/2 sin p(s)

Parallel to point focusing in both projections

1.4 ; 5
' i 0.057 0.08m  0.487

121 py 0.077 0.16m  0.5m

7| L1 L L I L TR T R I \§| o b Ly | |
] 25 50 75 100 125 150 175 200 225
s{m)
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Elastic Scattering: Resolution

t-resolution (2-arm measurement) d-resolution (1-arm measurement)
£ 0 | | 60
%o-m_ GDCICCID].'z 20 um _: -'g‘ | - I . I(;].]I;I " ; 2‘0‘“‘&1”‘5
0.08- Eol ]
0.07[ %
0.06- 40
0.05
30
0.04
0.03[- o0 L
0.02-
0.01F 18
0
10° 0
10 10 1
bl 0.% I I | I I | I 1 | t [Gev ]
= B'=1540m, e =1 pumrad ] i
©oosf  t=107GeV? ]
b=md Test collinearity of particles in the
oo 2 arms
e = Background reduction.
0.02- _
0.011 angu]ar beam divergence =0 ‘
Oi—JIJIWIlLlIIIJIJJ ol w ol be o bagaala

L I IR il ' " alaaag
0 5 10 15 20 25 30 35 40 45 50
Obetector [l'lm]
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Elastic Cross section (1+=0)

(10 h beam time, L= IOZSS’lcm’Z)
T T T T T T T | T

2
o
=2

F tmax = 0.1 GeV? ]
0.009 .

Statistical error

o(f(0)) / (0)

0.008} = Extrapolation Uncertainty

£ dt=4 1032 cm2

0.007|

] Beam divergence 10% -0.05%
E Energy offset 0.1% -0.25%
0.05% -0.1%

0.006

EI.IJEI5: -

1 | Beam/ detector offset  100um -0.32/-0.41 %
0-004F E 20pum -0.06/-0.08 %
.00 E Crossing angle 0.2urad  -0.08/-0.1%

E Theoretical uncertainty (model dependent) ~ 0.5%

0.002

0.001}
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Accuracy of 6 ot (’
(

(Gine|.~8omb, Ge|."‘30mb) '
Trigger Losses (mb) J

\
o(mb) Double Single arm After Extrapolation
arm
Minimum bias 58 0.3 0.06 0.06
Ao,

Single diffractive 14 i 25 0.6 Z%ut +,/0.0082 +0.005% ~ 0.01

O ot / \
Double diffractive 7 2.8 0.3 0.1 / \
Double Pomeron 1 - - 0.02 Inelastic error t=0 extrapol. error
Elastic Scattering 30 - - 0.1

Vertex extrapolation

Extrapolation of diffractive cross-section to large 1/M2using do/dM2~ 1/M2 .

= F “t,., F .
8 1T = v o4 L .
< = ok simulated
Z o8 [ S S~
b 1 E extrapolated
e | Acceptance s E
- "~ F  detected
04 F 0.6 -
C 0.4
02 o 0.2 F
D 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 D E
0 20 40 60 80 100 0 0.02  0.04 006  0.08 0.1
M, GeV 1/M, Gev™
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Elastic Scattering: -t acceptance
p* = 1540 m, E‘N— | pm rad

- 14 ch’
i . ch

STCV [3*=154-0m ]3*=18m

)

g o
. % ', 7 et
. - - - H 1 4?
+ . - - .
£ - o 4 T V ‘‘‘‘‘ 1 3 m
i J)' e - & " . i -
& i e e .
i ; -
. - -
i K E

-’.‘
““
i
#
o
% 220 m
¥

Acceptance

hadronic ——

) ~"Ohadronic ™~ GCoulomb

18 TeV 0.5

[t| at 50% acceptance [GeV?]

=— Coulomb

1
]
I
1
1
1
1
1
1
1
]

T S 106+ 0.5 mm

_|III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

. , o - g 1 10 10°
AT RS N ENT I A T T TN T T T I S ST T [N S SO S A MM O

0 1 2 3 4 5 g 7 -t [GeV?]
Distance to beam Imm]l

Run at lower energy /s < 14 TeV (or move the detectors closer than 10 ¢ + 0.5 mm) :
|t| = 2x10-4 + 2x10-3 GeV2 ——> Coulomb region,Interference,

p measurement, B slope

Large |t]| It] =1 = 10 GeV? B* =18,170 m
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Elastic Scattering Cross-Section

104

k
do/dt [mb / GeV?]

B*=1540 m

£=1.6x%x108cm2s?

(1)

N
Photon - Pomeron interference oc p (Events/GeV?)
-10°
g i z " -BItl
i‘/Multlgluon (“Pomeron”) exchange « e g
— -1
;—p 10 |10
E diffractive structure .
3 -100 |10
- - o
E - d
. § pQCD - bae
2 Va -
C | i wide range of | 7
- 5 redictions
E pp 14 TeV g ol
- BSW model .
E | | E | | | | | 1 | | | | 1 | | | | | I_ I
: y 2 4 6 8 10 I [
n ; 5=18m > -t [GeV?]
5 £=3.6 x_1032 cm2 st ~1 day
' @ @
(2)

10% per bin
of 103 GeV?
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Running Scenarios

Scenario 1 2 3 4
Physics: low |t| elastic, large |t| diffraction hard
- elastic diffraction
tot?
min. bias, (under study)
soft diffraction
B* [m] 1540 18 1540 170
N of bunches 43 2808 156 2808
N of part. per bunch 0.3 x 101! 1.15x 1011 (0.6 - 1.15) x 1.15 x 104
1011
Half crossing angle 0 160 0 150
[urad]
Transv. norm. emitt. 1 3.75 1-3.75 3.75
[um rad]
RMS beam size at IP 454 95 454 - 880 270
[um]
RMS beam diverg. 0.29 5.28 0.29 -0.57 1.7
[urad]
Peak luminosity 1.6 x 1028 3.6 x 10 2.4 x10%® ~ 0.5 10%

[cm2 s1]
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CMS + TOTEM: Acceptance

CMS+TOTEM: largest acceptance detector ever built at a hadron collider

> 90 % of all diffractive protons are detected
10 million min. bias events, including all diffractive processes, in a 1 day run with g* = 1540 m

8 Eio TLT2 M LT D
;"_o (@]
ST ES3 3
-03 Y] Q
- <_*F>S 5
I _SED e
s§Z F9 S
- O 1 _—m 2
i 3 E
2 E_ ATLAS , CHS5
1
D _|_|_|—\III | |||||| | | |||\—|_I_||
- _J\—‘ Jj
n o
5 m -
| —
- F TOTEM+CMS
‘%“ = ]Z 4
R Y
0.4 —‘ ATLAS, CHS ’7 |
02 E =

§] :|[l|‘|||IIII

-1¢-75 -5 =25 0 235
-0.1 -1.1 -13. 4
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& 735 10
1.4 1.1 0.1

I I T SR I & I A T | T T

Charged
particles

Energy
flux

n

B‘(mrad}

S

8]

Total TOTEM/CMS acceptance (B"=1540m)

d{mrad)

: 36.6 Ifl,.-l' 4:9 18 0|67 024 008 003 0.01
R\PS
[ CMS T1 T2 :—-__/
central | Heal| |easror \
B*=172m
(prelim.)
L o —t— |
0 2 4 6 8
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CMS/TOTEM Physics

CMS / TOTEM detector ideal for study of diffractive and forward physics

& Soft and hard diffraction in Single and Double Pomeron Exchange
production of jets, W, J/y, heavy flavours, hard photons

. Excellent proton measurement: gap survival

© Double Pomeron exchange as a gluon factory

= Production of low mass systems (SUSY, x ,D-Y,jet-jet, ...)
m Glue balls, ..

= Higgs production ???
o Structure functions (parton saturation) with and without detected protons
& Forward physics: DCC, particle and energy flow
& vy physics

V.Avati/TOTEM
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TOTEM+CMS Physics: Diffractive Events

Measure > 90% of leading protons with RPs
and diffractive system ‘X’ with T1, T2 and CMS.

e
. . N //p
single dlffractlon\ P °
/P/ X
%
p
. . P 0
double dlffracuon//
P

—

Double

- L
Pomeron /J
Exchange _2-

Multi g

Pomeron j
=

Exchange
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%

%

P
X

P

L\P

=5

%@
o

il

doppe

dM

{mb/GeV)

Tevatron
do |
am*  (M*H"

RS
L,
.

0 50 100

My

150

(GeV)

200

-Triggered by leading proton and

seen in CMS

-Central production of states X:

X =% Xp Higgs, dijets,
SUSY particles, ...
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Diffractive protons at *=1540 m

REA RP3
Q1 Q2 Q3 o TAN \ D2 04 a5 J Q6

por 2 ([Tl T ] e HHHHH% 3% == 3
LU 00Ed % nm imjuj / s

109(®) |
 eg
Diffractive protons are observed in a large &-t range> 90% are detected
-t >2.510 3 GeV? 108 < £<0.1

¢ resolution ~ few %o
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Diffractive protons at f*=172 m (under study)

RF1 "2 FH3
Q1 Q2 03 o1 TAN \ Dz Q4 Qs j Q6 . 3
e a1 A T
PO | 1 e
e — R w2/
-0.5 | -05 ¢ »
-1 E -1 F
~1.5 F ~15 E
-2 E -2
~25 F ~2.5
-3 -3 F
-35 F _35 E
—4 SEENE SR A E||||||||||||
-4 =3 =2 -1 0 1 _4_4 _|3 _|2 -1 0 1
& resolution ~ 4 10-4
log(€) vs log(-t) (preliminary) log(&) vs log(-t)
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TOTEM+CMS Runs

Standalone running:
forseen only for elastic scattering and total cross-section
Common running:

DAQ and Trigger must be CMS-compatible
(hardware and software)

TOTEM can act as a CMS subdetector
TOTEM can trigger CMS:
Trigger from the Roman Pots must arrive at CMS within
the CMS trigger latency:
OK for the Pot at 220 m

Pots farther than 220 m from IP (none foreseen yet) cannot trigger!

V.Avati/TOTEM
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Summary: physics
Measure total cross-section o, with a precision of 1 %

£~1028cm2 sl with "= 1540 m

Measure elastic scattering in the range 10 = < -t <8 GeV 2

With the same data study of soft diffraction and forward physics:
~ 107 single diffractive events,~ 10° double Pomeron events

With B™ = 1540 m optics at £=2 x 10¥cm=2 s
semi-hard diffraction (py > 10 GeV)

With "= 170 m optics (under study) at £~ 0.5 10%2cm2 si:
hard diffraction and DPE

Study of rare events (Higgs, Supersymmetry,..) with p* = 0.5 m
using eventually detectors in the cold region (420m)

TOTEM and CMS will write a common physics LOT in 2005

V.Avati/TOTEM
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Summary: detectors

RP test in the SPS has been successful : TOTEM has gained experience in
installing and operationg the system in the tunnel.

Final RP prototype ready at the end of 2005.
Installation in the LHC tunnel mid2006

Forward proton detectors: both technologies (Edgeless Planar & Planar 3D)
are chosen. Full production & test in 2006.

T1 telescope: ready for production. Integration test in CMS during Sept.
2005.

T2 telescope: production of a pre-series of 5 final detectors in 2005, full
production in 2006

V.Avati/TOTEM
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Current Terminating Structure on Microstrip detectors
(in collaboration with IOFFE PTI St. Petersburg/RIMST Moscow)

Objective:
¢ Use Standard Planar Technology | |
¢ Working Temperature >-20°C L

¢ Reduction of the guard-ring
structure to less than 100um

urt.

.
n+ Al

edge _ ——=

Bias Guard-ring (p+ implanted
and 5um wide at the edge)

Quter p+ ring (current

/ terminating ring)
e Physical edge of the detector (contour

T line for the cut of the detector)

V.Avati/TOTEM



ﬁ()’l‘]«]M Total Cross Section, Elastic Scattering and Diffraction Dissociation at the LHC ]

e Planar with 3D edges

WITH POLYSILICON

Al
E-field / pi
LAl 13keV 6 mm X-ray beam
n+Al Insensitive edge =5 + 2 um
Leakage current = 6 nA at 200V
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i o Mechanics: Thin window
pesicnanion LHCYRP 0045 REQUERANT : ORILINNO
— m = R&D included in the TS/MME workpackage

;:;: —‘ R *The shape and size of the window is defined

i | {z J *\Welding technology of the thin window is the main issue

: * L — 4 : * Brazing (used for the SPS) can be improved
El i ' == if » TIG welding gives better results, (i.e. planarity of
s ‘ T% 100microns)

Laser and Electron-beam welding are considered for a
new prototype in 2005

TIG weld cross section
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