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Introduction

During my work in the DESY-Summer Student Prograd@2 | worked on the ALFA Detector,
which which is a kind of detector of the ATLAS exipeent at the LHC at CERN. One of the four
main LHC experiments is ATLASthat includes three detector systems in the faivead very —
forward region (called LUCID, ZDC and ALFA). The mgurpose of these forward detectors is
the precise determination of the luminosity (anam@nt value that characterize the performance of
an accelerator), that imposes stringent condit@mnthe spatial resolution of the detector.

For these reasons metrology measurements of tharfdmetector are needed. As we will see in the
next pages, both the ALFA Main Detector (MD) and th_LFA Overlap Detector (OD) consist of
multiple optical fibers glued to a support. Theibadea, in fact, is that charged particles passing

through an active material (the optical fiber) wluse light to be emitted.

1.1 Metrology of the ALFA Main Detector

In the laboratory’s | measured 20 optical fiberntgsafor the ALFA Main Detector. To do this, suit-
able optical instruments are available in the FEBdratory (Building 2) at DESY. The results of
my measurements gave some information, like thésgaifch between two following fibers; the

knowledge of this kind of parameters is very impnottfor the ALFA tracking system, because it

allows to know the exact position where the patgpassed.

1.2 Study of the ALFA Overlap Detector

Besides the laboratory’s experience | also worked study of the ALFA Overlap Detector. The
metrology data of the OD plates has already beecegsed by the ALFA group (they used the so-
called ALFACOOR program), but not yet cross — cleecky a second — fit method. So, the purpose
of my work was to analyze both the raw data andNMbEACOOR results and then compare my fit
results with the ALFACOOR ones.

In the next pages I'll do firstly a short descrgotiof the ALFA Detector inside the ATLAS experi-
ment and, after that, I'll show my laboratory aedults of the MD and the analysis of the OD.

! The others are Alice, LHCb and CMS.



ALFA @ ATLAS

The final completion of the Large Hadron CollideHC) at CERN will represents a new energy
frontier for the proton — proton collider. If we msider, for example, its Luminositg@*cm?s™)
and its center — of — mass enerd¥#leV ), we can see that today LHC is the most powerfat m
chine. With these high energies and with high swh — rates, the LHC will search for new interac-
tions at very short distances and new particlesheyhe Standard Model.

In the next pages | will describe the ALFA (Abs@ltuminosity For ATLAS) detector inside the
ATLAS experiment (mainly the Main and Overlap déber As we will see, ALFA will measure
the elastic scattering at small angles to deteritia@bsolute luminosity in the Coulomb region.

2.1 ATLAS Detector

One of the experiment at LHC is called ATLAS andkisituated at the Interaction Point 1 (IP1).
This detector can be divided in 4 parts: the irdetector (measure of the momentum and tracks of
charged particles), the calorimeters (to identifyptons and electrons), the muon spectrometer (to
measure their tracks) and the magnet system. Thad-IL shows the ATLAS location in the LHC.

Figure 1: The four LHC experiments.
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2.2 Why ALFA?

Any search for new particles or interactions degdadyely on the accurate knowledge of the acce-
lerator parameters and conditions, like the lumigdsate of collisions). ATLAS has its own sys-
tem for luminosity measurement, that consists mfeHorward detector (LUCID, ZDC and ALEA

as written before). Figure 2 shows the schemayicalllocation of these detectors inside ATLAS.
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Figure 2: Placement of the forward detectors alonghe beam — line with the ATLAS detector.

2.2.1 Luminosity Measurements

With a center — of — mass energyldfleV , the colliding beams in the LHC will be able tmguce

all kinds of particles and interactions. NevertBs|eheir production cross — sectionneeds to be
high enough to be able to study them. The quatitay measures the ability of the particle accelera-
tor to produce the required number of useful eventslled luminosityL :

dR
— =L, 1
o (1)

where dR/ dtis the number of events per second. Then, a prkoseledge of the luminosity will
be crucial for all LHC experiments and there anees&l experimental methods for its measurement.
* Machine Parameters: the luminosity is given in ohthe LHC machine parameters as
N;N,

L=f , 2
A, (2)

where f is the bunch — crossing — ratld, is the number of particles per bunch afg is

the effective transverse area. During the starhgse of LHC operations, the resulting error

from this method on luminosity will be arourd._/ L =0.25

% They are located, respectively, 2l 7m, £140m and £240m from the IP1.
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* Muon pair production: another method to determimeltiminosity experimentally uses the
measurement of the rate of well — known cross gestusing the equation
R=LI[o, 3)
where R is the rate of events. While igfe” collider the scattering’e” - e'e” or Bhabha
processes are used for precise cross — sectiomulestions, unfortunately for hadron col-
liders there is no such equivalent process. So &e&l to use electromagnetic process like

the pp — pp+ 4 1, but these processes cannot be used as monitolswiduminosity.

Moreover, this method will give an estimated priecioon L of = 2%.

«  TOTEM?® Method: this method apply the optical theorem ead be used to achieve a preci-
sion luminosity of approximately— 2%.

* Coulomb Scattering: if smaller angles can be redcihés possible to measure tipgp Cou-
lomb scattering; this implies measuring in the ©oub region, where the interference be-
tween the nuclear and Coulomb scattering amplitisiesaximunf.

2.3 The ALFA Detector

As stated before, the LHC beam parameters can dxb tosdetermine the luminosity with a preci-
sion of =25%. For precision measurements this will not be sidfit. One way to reach a much
higher precision is to measure thpp scattering; for this measurement it's inevitableafgproach
the beam in the millimeter — range, so we needdoaveand very — forward detectors installed in the
LHC tunnel. As a solution, the ALFA forward — ddtacwas installed240m away from the AT-
LAS interaction — point (IP).

ALFA consists of a set of four detector statiom® ($0 called “Roman Pot Units”), two on each side

of the IP. The stations on each side are sepabgtdd; a schematic view is shown in Figure 3.

Figure 3: Schematic view of an elastic scatteringvent at the ATLAS IP detected by the ALFA Roman Pots.

® TOTal Elastic and diffractive cross section Measuent.
4 6x10*GeV ? of transferred momentum with the LHC parameters.
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2.4 Roman Pots

To not disturb the LHC beam or even destroy thedet itself while operating so close to the
beam, a precise mechanics of the detector is remgeddis is achieved by the use of the so-called
Roman Pot, that consists of a movable part which house liberenics and the tracker components.
Due to the radiation hardness, the Roman Pots eaeatiacted (for example during high luminosity
runs) while in other conditions they are movedanaorking position. The Roman Pot operating

principle is illustrated in Figure 4.

Retracted position Working position

beam { beam

Figure 4: Roman Pot; on the left the Pot is in retacted position, placed out of the beam. On the righhe Pot is in working
position, approaching the beam.

A pair of 2 Pots, one from the top and one fromkb#om, form aRoman Pot Unit. Each top and
bottom Pot in a Roman Pot Unit can be moved seggrads the nominal position will be in the
millimeter — range from the LHC — beam, the tragkidetector components have to be inside the

LHC beam — pipe.

2.5 ALFA scintillating fiber detector

A scintillating fiber detector makes use of thetfdmat charged particles passing through the active
material will cause light to be emitted. The sdiated light is then routed through the fibershe t
read — out electronics, where PMTs (Photo Multipligabes) convert it into an electrical signal.

The scintillating fibers used for the ALFA detect@ve a square cross — sectiorOdimmx 0.5nm

and are arranged in a so-called U-V or stereo geggnmshown in Figure 5. We have 64 fibers on
each side (U and V) glued on to a ceramic subsivhieh is connected to the titanium base — plate.
The fibers are routed to the photo — detectorsang of 64 where the scintillating light is read ou
by Multi Anode Photo Multiplier Tubes (MAPMTS).
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Figure 5: Principle of a scintillating fiber detector using the U-V geometry. The fibers — beam distarmcis 1.5mm.

2.6 ALFA Overlap Detector

As the exact position of the LHC beam spot at thwtion of the ALFA Roman Pots may vary
from fill to fill, it's necessary to position the l&A detectors accordingly. It's therefore necessary
to know the vertical distance between the two ALk detectors with a precision of abdidz/m

This vertical distance can be determined with dedaverlap Detector (ODs) which measure on-

ly the vertical coordinate. They are illustrated-igure 6.

Figure 6: ALFA Overlap Detector. There are 30 fiberson each side of the plate.

Two ODs are mounted below the detector planes (upp® in a test beam setup and two above

(lower Pot). They consist of scintillating fiberssj as the Main Detector.
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Metrology of the Main Detector

For detector plates without any gaps between therdj a precise track reconstruction of the tra-
versing particles is easy to do. However, the glgeif the fibers is done through adhesive capillari
ty of the glue; the glue rises up the fibers (duthe capillarity effect) so there is a gap between
adjacent fibers. The exact fiber’'s position ondkéesctor’s plate thus is not known.

To compensate these imperfections a precise fiieictbr metrology is needed.

3.1 Equipment

The FEC laboratory at DESY is equipped with severatrology instruments which were used for

the measurement. A picture of these devices imgivé&igure 7.

Figure 7: The FEC Laboratory’s devices for the platesnetrology.

In a clean — room several microscope setups aredaw. The one | used consists of a Nikon DS-

5M Digital Camera 2560x 192@ixels, 5 megapixels); the camera is aligned with:



* Navitar 12X Zoom

* Mitutoyo M Plan Apo 10X object lens
* 2X C - Mount Adapter

» Light Source

» 3 - axis positioning table (x—y-z table), drivensbgtep motor, with a precision & 3¢m

3.2 Plate’'s geometry

There are three holes on each plate, used to phe@bgn the plates behind each other in the Ro-
man Pot. The uppermost hole is a circular precisiole with 6mm of diameter. It serves as the
origin of the coordinate system for the detectat Hrerefore also during the measurement. The lo-
wermost hole is &mm wide precision long hole and it is used to deftmedirection of the y — axis
of the coordinate system. Between these two hbletis another oReA detailed scheme of the

holes is drawn in Figure 8.

Figure 8: Schematic view of the detector plate anids coordinate system.

3.3 Automated measurements

The manual measurement of the plates takes abouhdwrs per side. In ALFA we have 4 Roman
Pot Units with 2 Roman Pots each + 2 spare Rom#s) Rbiich makes a total 100 detector plates
with 128 fibers each + 60 overlap detector platéh WO fibers each. It's clear that we need to

make the measurement process more automatic.

® This isn't a precision hole and is used only fzafion.
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For this reason, the x-y-z table is connected R&Ca— card interface and can be controlled by Lab-
View, a graphical programming environment provitdgd\National Instruments. In order to measure
the plates, we have to run two LabView programe fiitst is needed to find the center of the lower
hole, so we can identify the system coordinateitori§y picture of this procedure is shown in Figure

9. After this, we can start with the real measuneiméth the second software.

Figure 9: A picture of the lower edge of the circudr hole. The colored line means that LabView foundorrectly the edge.

3.4 Measurement of fiber gaps

To determine the fiber gaps we measured 5 diffdiees across the fibers, as shown in Figure 10.
Line A and B measure all 64 gaps, while line C meas gap 1 to 27 and line D and E measures
gap 24 to 64. By this way, each gap is measur&ldiiferent positions, which allows to make a
solid linear fit for each fiber.

In Figure 11 we can see the automated LabView pragrorking; it detects automatically the gap
between two fibers. If the program cannot deterntiveecorrect gap (or if it does a mistake in the
detection), the user can check it manually. Ateéhd the program saves all the gap’s pictures and

also the measurement’s results (these last in aalEocument).
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Figure 10: Measurement scheme with 5 lines of measament (A,B,C,D).
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Figure 11: The automated gap’s detection done by theabView Measurement Program.
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3.5 Measurement Results

As said before, the raw data are saved in the HiteelHere there are some calculations made by
Excel's macro and, at the end, we can obtain:
» Fiber Pitch: a graph represents the behavior ofiliee gaps. The expected valuelsHmm.
» Fiber Position Offset: a graph represents the tiffeethe gap-positions in x-direction from
nominal. So from the metal edge the macro calcsiléte positions of the gaps as if they had
zero size, and then shows the difference to tHegegapositions.

* Angles: between the fibers and the coordinate sy#itere is an expected angle of 45°.

Fiber pitch ——A —=-B —+—C
——D —*—E e R eaf\Nin
e===RefWin =——Poli. (A) =—Poli. (B) | |
0,540 —Poli. (D) Poli. (E) | |
| o t | g Ta
0.520 1.1 1l ol AL SN A AR I

BN A A R C R TURT R

ZARE TR e Ay T e l-'!'m.n.rul\i mvlm""
1% ¥ ¥ W] N Y N P& R

0,440 ‘ ‘ . ‘ . ‘
0 10 20 30 Gap# 40 50 60

Figure 12: Fiber pitch for the ALFA Main Detector (series A4-2, plate 3, side V).

Fiber X position offset :g :E igefwin
0,400 ==RefWin =——Poli. (A) —Poli. (B)
0,300 —Poli. (C) —Poli. (D) —Poli. (E)
0,200
0,100

E 0,000 -
-0,100 10 S 70
-0,200
-0,300
-0,400
Gap #

Figure 13: Fiber offset position (series A4-2, plat 3, side V).
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Angles ——AB —&-BC
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45,2
25,1
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Figure 14: Angle between two lines (series A4-2,gik 3, side V).

| analyzed 20 ALFA Main Detector Plafedhe Figures 12, 13 and 14 report the resultshierSe-
ries A4-2, Plate 3, Side V.

® Ten plates for the series A3-2 and other tenHerseries A4-2.
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Study of the Overlap Detector

The second part of my Summer Student Program derigishe study of the Overlap Detector. The
final goal is to analyze the acquired data forfthers positions inside the ALFA Overlap Detector.
As said before, the Overlap Detector consists @esl containing 30 fibers on each side. These data
have been already been processed by the ALFA giasipg the ALFACOOR software) and my

work is finalized to obtain the same results infeetent way and then compare them.

4.1 Overlap Detector Metrology

To determine the exact position of the fibers, yhoordinate of theyap between the fibers was
measured at three different positions (20, 23 @&rdr2 from the centre of the system, as shown in
Figure 15). Because the 30 fibers, on each sidleeoplate, are in two group of 15, these threetpoin

have been measured on the line A,B,C and D,E,F.

t t
{ |
—— —gt— —» ===
/' | |
Pam C | | Parm C
(000 | | 10.00
|
I |
| |
P arm A . : Parm B Parm B \\ : Fam A
_E\E.J.,!_ . P v
i I
] I
x=-25 x=25 x=25 x=-25
x=-73 x=23 =23 =23
*=20 x=20|

x=-20 *=20

Figure 15: Metrology procedure for the Overlap Detetor plates to determine the fibers position.

4.2 Fitting and Plotting gap positions

| analyzed three Overlap Detector Series (OD2, @B& OD4, each one with three plates). To do
this | created a ROOT program that reads the rae fdam the files and then plot tigap positions

in a graph. The result is shown in the Figure 16.
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ALFA Overlap Detector - Serie 4 -Plate 3A
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Figure 16: Plot of thegap positions in the ALFA Overlap (Series 4, Plate,3Bide A) The last 2 series of points are dumm
points, because they don't represent real gay

After plotting, the program makes a lindit y= A+ Bx for the three points of each gap and t

finds, in the middleof two adjacent gaj, the straight line that represents the real fiBeschematic

sketch of this is represented in Figure At the end, the software saves theaesults in a text file.

TTECE W
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Figure 17. Schematic view othow to calculate the fiber position from the gap’sata.

4.3 Comparing fit Results

The second ROOT program that | wrote comparefit results with the ALFACOOR ones. Inr-
ticular, 1 will estimate the difference on the amgletween the twfit, because we can say i

B=tan(¢) - 6= arcta{B), (4)

where B is the angular coefficient of the lineFIT and & the corresponding ang
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Figure 18: Resulting plots showing the angular dirence between my fit and the ALFACOOR fit.

As we can see in Figure 18, there is a generakawgrt between the two FIT: in fact the angular

difference is in the range ofirad .
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Conclusions

At the end of this Summer Student Program, the wotke ATLAS Group gave me some interest-
ing satisfactions. Firstly | had the possibilitydo some laboratory measurements that | never did
and that will be important in the LHC experimentel*practical”’ results | obtained are:
» Knowledge of some specific instruments for thes@asueements, available in the FEC La-
boratory at DESY.
» Determination of the gaps between the fibers inAhEA Tracking System.
Secondly, | learned the ROOT Environment Prograngirtimat will be very important for me in my
future applications. For my work, | analyzed the.Overlap Detector data with two ROOT pro-
grams and the results are:
» General agreement between my resulting fits ansketlobdtained by the first analysis of the
ALFA Group.
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