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« TOTEM TDR LHCC-2004-002 has just been approved
by the LHCC.
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Outline

* Physics goals

* Detectors

« Simulation

* Physics performance
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Physics goals

Measurement of the total p-p cross-section
at 14 TeV with ~1% error

Measurement of the p-p elastic scattering in
the range 102 < -t <8 GeV?

Study diffraction (single, double, central).
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[OTEM detectors

Inelastic detectors = |
— T1—-CSC cCoverage 3.1<n|<4.7 — = CMS
— T2 — GEM Coverage 5.3<n|<6.6

Leading proton detectors

— Silicon detectors inside Roman ——
Pots (at 147,180,220 m from IP) . T2
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T1 telescope =)

« 5 planes with measurement of
. three coordinates per plane.

« 3 degrees rotation and overlap
between adjacent planes

= _4 ' * Primary vertex reconstruction
= « Trigger with CSC wires

1 arm

Support
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T1: testbeam &5

Final prototype test in 2003
with SPS beam

» Efficiency (plateau starting at 3200V)
* Spatial resolution (6~0.7mm)
» Track reconstruction
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T2: telescope S
8 triple-GEM planes, to cope with high particle fluxes

54(¢) x 22(n) = 1536 pads
5.3<|T||<6-6 An x Ap = 0.06 x 0.0187

~2X2 mm?2 —~7x7 mm?2

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

=
-
- 7 7

GEM 3 — !
oM 2 '—|_I . .
GEH 1 —

1

Analog r/o circular strips
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T1 and T2: simulation and performances &=y

* Reconstructed vertex well inside the beampipe
(c~3mm) and within £5 cm along the beam axis

Primary vertex resolution

Geometric acceptance foso 1000
100% 400 2:9?3
80% y
R :
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n 1600 :
The primary vertex resolution 1s sufficient
to discriminate beam-beam from beam-gas -
events . Vartex residucls
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Roman Pots @)

A prototype with vertical movement ready to be tested in the SPS.

2004 prototype Detector

overlapping

Beam pipes
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Leading proton detectors D

Full efficiency as close to the detector edge as possible : edge-less
radiation-hard (Expected maximum flux ~10'3 n eq./cm?):
resolution ~20um

g‘ 4 rt=0.01GeV2 —————— P ! D t t d
H ~ 2 E 3 1=2.28109Ge\? ""-‘,_‘. eleclor e ge
size ~3x4 cm N _—
(S — 10Gbeam
0!
_l Detector board inside RP
Solutions: - - mp
i pl ith —3y " mother
) i g
St planar with current _, |5 e
< . . B=1540m 220m  x(mm) s
terminating guard rings 5. Connectors
* S1 planar 3D
e S13D
| . APV25
, Detector
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events

Current Terminating Structure on Microstrip o)
detectors

(in collaboration with IOFFE PTI St. Petersburg/RIMST Moscow)

Use Standard Planar Technology ~o0um
Working Temperature >-20°C ]
Dead zone ~50-60um 1
Increase of efficiency in <20um T I
2003 test beam results surf.
“EMy, ﬁ+ Al

350 F

edge

300

2“? k/////'edge\\\\\‘

Gl Full size detector
180 for 2004 test at
e | SPS
5{';_ —LFPPH_A—»A__IW
I:I:I4|5I I Hlslﬂl 1 Bﬂl_LI_LEIEmI'TLL?E_HIITIEI = IBlﬂ
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electrodes

n-active edge

The electrodes are created in
the bulk.

The edge is an electrode.

-

SPS test: SAsaRRaSSSESS
transition in E
~6Um

Rad. Hardness:
>101 “n”/cm?

£ 88 &

e
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Planar 3D

TRADITIONAL PLANAR DETECTOR
+ DEEPLY ETCHED EDGE FILLED
WITH POLYSILICON

p +Al

N

E-field

n + Al

n + Al

Test with 13keV 6 mm X-ray beam
Insensitive edge =~ 3 pum
Tolerant up to 10'* “n”/cm? if operated at -20 C

Full size prototype




G,, [mb]

Total cross-section: experimental results €

best fit with stat. error band : .
incl. both TEVATRON points Previous measurements: P.S, ISR,
oo — toalerrorbandofbestfit 2T | SPS, TEVATRON, Cosmic Rays
- total error band from all models L] .
I considered : P GN(IOg(S))Y with YN2
[ Cosmic Rays
- - - |COMPETE fit predicts at the LHC energy:
: %ﬂ . o=111.5+1.2"%mb
I > M . Re(F) _ +0.0058
w0l & 5 = (P - 0.1361+0.001509%
L i
1'5'4
Js[GeV]
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G- €Xperimental method &2

Luminosity independent measurement using the
Optical theorem.

, lér dN|
Latot — 2 X
1+p°  dt|._, 167 (AN /dt)‘
T =0, = X~ =0
fot 1 2 N +N
Lo-tot — N elastic + N inelastie—" + p el inel
* (dNg/dt) < 1% precision
» total rate (N, +N. )
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Elastic scattering: do/dt

N
_ ..—Photon - Pomeron interference (Events/GeV?2)
J 3 1078 pp 14 TeV -10° - 10°
G — E’ g 7 11
P 5 10F BSW model Slore
dt S0k —BIt -10° | 10°
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[ I l 10k \ ---------------------------------------------------- 10 F 10
28 - 7 _oF .
sl gl ; 107k diffr. structure -1d g
241 t=-002Ge\V2 1 167k 10 | ad
22 ) y 10—4;_ 1@ |
—2f o =025 Gey2 o
J B 10
=18k . g
8 16 [ . 167k
o B[ E
e é . 107k
PP = F
12 N E - 1O—8;_
10F bp = . _of
- 10 =
8 5 ] E | |
z 4
6 Lol Lol Lol Lol Lol
1 10 102 109 104 10%
Vs (Gev)
Vienna LHC workshop 16/7/2004 Fabrizio Ferro (INFN-Genova) 17



[OTEM Optics Conditions cD

Loy ~ 1022 cm2 s

TOTEM needs dedicated short runs at high-g* (1540m) and low €
Scattering angles of a few prad

High-[3 optics for precise measurement of the scattering angle c(0%) =Ne/ B* ~ 0.3 prad
As a consequence large beam size o(y*) =V ep* ~ 0.4mm

Reduced number of bunches (43 and 156 ) to avoid interactions further downstream

Parallel-to-point focusing ( v=0) in both projections

Trajectories of proton scattered at the same angle but at
different vertex locations

= & * = *)1/2 gj
Y=L, 6,7+ vy L = (BB*)"/2 sin u(s) } -
x=L,0,"+v, X"+E D, v = (B/B*)!/2 cos u(s)

Maximize L. and minimize v
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Acceptance

Elastic Scattering
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— Background reduction.
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a{f(0)) / #(0}
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Extrapolation to t=0

(10 h beam time, L=10"s"em™)

Statistical error
[£. dt=4 102 cm?2

T
1

~  Energy offset (0.1%) .

_ Beam offset (20 um) // 1
X g

t=0.1GeV* ]

Uncertainty  Fit error

Statistics 0.1 %
Beam divergence 10% 0.05%
Energy offset 0.05% 0.1%

Beam/ detector offset  20um 0.06/0.08 %

Crossing angle 0.2urad  0.08/0.1%

Theoretical uncertainty (model dependent) ~ 0.5%
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Inelastic and total cross section ED

Inelastic event selection:

» trigger from T1 or T2 (double arm o single arm)

* Vertex reconstruction (to eliminate beam-gas bkg.)

« 2.8 mb lost because of acceptance in diffractive events. Extrapolation

need ed Single diffraction
B o1 L — E 1.4 simulated
‘“; 2
08 > extrapolated
0.6 [ 0.8
Loss at low s [ Acceptance X
F 0.4
masses 0.2 = .
: T Pythia generator
o 40 a0 ag 100 v a Q.02 0.04 0.08 0.08 S|
M, Gel 1M, Gev ™t
o(mb) Double Single arm Uncertainty after
Losses arm extrapolation
Minimum bias 58 0.3 0.06 0.06 %z\/o.ooﬁ +0.005> = 0.01
(o)
2 x single diffractive 14 - 25 0.6 fot (
Double diffractive 7 28 0.3 0.1 ‘
Double Pomeron 1 - - 0.02 | (.
Elastic Scattering 30 - - 0.1
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Conclusion

« TOTEM TDR approved by LHCC

« TOTEM will use dedicated short runs with
high-B*optics

« TOTEM will measure:

— Total cross-section within 1%
— Elastic scattering up to -t = 8 GeV?
— Diffractive events (see talk of M.Deile)
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