Ur @ VLHc

NEFD:

(o SOHE TR QUADS 0F HIGHER cRADIEWY
L. QUALS BE TunpABLE

3. WARK SECT/oNS FOR DETEETIRS

Y. BEA#H ScrApme

5. STABLE BEAy PpS/y/oid

T
T T

T
T T

T
- T

T
- T




[

*
.

arXiv

hep—ex/OlﬂOZOll 7 Feb 2001

PRECISE MEASUREMENT OF THE TOTAL CROSS SECTION AND THE
COULOMB SCATTERING AT THE LHC*

A. Faus-Golfe, J. Velasco

Instltuto de Fisica Corpuscular CSIC -.Universidad de Valencia
M. Haguenauer

EP CERN - Ecole Polytechnique, France

Abstract

A precise measurement of the total cross section and the
Coulomb scattering at LHC requires the observation of
elastically scattered particles at extremely small angles (14
prad, —t < 0.01 GeV? for the first case; 3 prad, —t <
0.0006 GeVz) for the second one). In this paper a very
high-@ insertion optics which fulfills both conditionsis pre-
sented. A feasibility study, including the acceptance of the
detectors, for an experiment to be installed in IR1 or IR5

is also presented.

€ 5.03 10-° | mrad
M 3500.0 m

aj 0.0

D: 0.0 m

D 0.0

o 1.33 mm

o 0.38 prad

measurement vertical
detector between Q6 — Q7

Bys 18.4 m
Apy, 0.750 27
My 11, 0.0

My,12d -2534 m
Yd -3.62 mm
|yd/0'ya I 377

1By min | 8.4 prad
[ty min | 0.003 GeVv?

' Table 2: Performance of a precise total cross section mea-

surement at the IP and at the detector place of Ring 1

. for optics with 3*=3500, Version 6.0 at 7 TeV for nom-

inal emittance and the Roman Pots between Q6 and Q7.
Igym:nl - \/_yd/My 124 with Ya = 1.5 mm.

optics | standard | new
€ 5.03 10—V m rad
5 1100.0 m

measurement vertical

before D2 Q4 - Q5

close D2 | close Q4 |
Bya 20.1 20.6 222 m
Apy, 0.250 0.250 0.250 27
My 12, 148.6 150.5 156.3 m
[Bymin ) 14.3 14.1 13.6 prad
Yomin 0.010 0.010- 0.009 GeV?
Table 1: Performance of a total cross section experiment

at the IP and at the detector place of Ring 1 for optics with
B*=1100, Version 6.0 at 7 TeV for nominal emittance and
for different positions of the Roman Pots (RP2 and RP3
in middle part of figure 1). |6y,...| = V2ya/My 12, with

yqa=1.5 mm.

€, 5.03 107°° | 1.258 10~1°

m rad
,@; 3500.0 m
o 0.0
D* 0.0 m
D * 0.0
a’; 1.33 0.66 mm
o 0.38 0.19 prad

measurement horizontal
detector between Q6 — Q7

Bea 1774 m
Apiz, 0.250 2r
My 11, 0.0
Mz 12, 787.9 m
4 2.5 25 mm
|€a/0z,| 8.4 16.8
162 min | 2.7 27 prad
[t minl 0.0004 0.0004 GeVv?

Table 3: Performance of a Coulomb measurement at the IP
and at the detector place of Ring 1 for optics with 8*=3500,
Version 6.0 at 7 TeV for different emittance values with the
Roman Pots between Q6 and Q7. |6,,....| = v2z4/ M 12,
withzg = 1.5 mm.
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Fig.2 Betatron phase advance from the IP (modulo 27).
Quad # | Lmagneti : Gradients (T/m)
) B8* = 2000 m B*=6m B*=0.30m
[Bmax =3.12 km] [Bmax =575 m] [Bmax =11.27 km]
MAX,
1 10.90 -127.9 127.9 -301.5 301.5 -298.2 298.2 1300
2a & 2b 9.22 160.2 -160.2 304.3 -304.3 294.5 -294.5 300
3 10.90 -179.7 179.7 | -301.5 301.5 -298.2 298.2 1300
2 12.09 | 2625 | 2625 | 3101 | 5111 | 6240 | 62.40 170
Sa&5b | 12.19 96.20 -96.20 69.44 -69.44 -65.51 65.51 |70
6a&6b | 12.19 -96.01 96.01 -62.00 62.00 -65.51 65.51 {70
7 7.62 49.55 -49.55 0.802 -0.802 66.69 -66.69

Table 1. IR gradient variations across the whole low-8* (30 cm) to high-B* (2 km) spectrum.
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In the transition from injection optics to high-beta* at no point does beta

in the arc quads exceed 1000m (and is just 625 m at beta* = 2000 m).
Aperture shouldn’t pose any problems then. At 20 TeV/c, with a normalized
emittance of 1.5 mm-mr, and beta=1000m, the one sigma beam width is just
0.265. mm -- compared to the physical Inagnet aperture of 22 mm.

One nice feature of this design (from an accelerator standpoint) is that

the insertion is completely localized. At no stage of the unsqueeze
(de-squeeze? anti-squeeze?) does any information about the IR optics leak
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Figure 9: Trajectories of protons scattered in the vertical plane at the same angle of
20 prad, corresponding to -t=2x10"2 GeV?, with two different vertical positions of the
collision point, y*=0 and y*=0* (full lines). The r.m.s. value of the beam size is shown
as a dashed line.
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Figure 6: The insertion I5. The upper part reproduces the standard insertion while the
lower part shows the location of the three Roman pot stations RP1, RP2 and RP3. The

layout is symmetric with respect to the interaction point.
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We use the Juminosity independent method to obtain o7,

Using the optical theorem, the total cross section can be expressed in terms of
the forward differential number of nuclear elastic events -

2 1 16m(hc)® dN,
1+p? dt

llt-—-O (1)

where L is the integrated luminosity. Another expression for the total cross
section is

1 A
or =-L' (Nep + Ninei)s (2)

where N,j and Njue] are the total elastic and total inelastic number of events
respectively. By combining egs. (1) and (2), we obtain

16m(hc)®  dN,, 1
oy = 0 T——— 3
T q4p?  at =0 Net + Nipel 3)

In equation (3), o7 is determined independently of luminosity, which often has a
large uncertainty. We measure N and Nyl simultaneously; the
measured nuclear elastic distribution

dN, _dN
-2k =—£l|,_o exp(-Bin)

is used to extrapolate
elastic data to t=0.
Nel is obtained by integrating the fit to  elastic data from t = 0 to

t=-o00, -
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Figure 20: Sketch of the telescope T2.
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ELASTIC SCATTERING AT THE LHC
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igure 14: The proposed scheme for a complete study of elastic scattering at the LHC.

Medium B
B*=20m

T'he values of 3* were estimated assuming the nominal LHC emittance.
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Figure 5: Proton-proton elastic scattering data are shown to-
gether with the predictions of the model of ref.[11].
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Figure 16: Sketch of the CMS / TOTEM layout.
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Figure 17: Section of the CMS experimental apparatus showing the integration of the
TOTEM telescopes T1 and T2.
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