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Where does the beam come from?

Hydrogen Bottle
Bouteille d’hydrogene
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Where does the beam come from?

e

Duoplasmatron
Proton Source

yource ade protons
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Where does the beam come from?

First Acceleration

Alternating electric potentials

i\\ll

LINAC

. . Linear Accelerat
Linac2: includes the proton source Acce ijipiﬂ

Built from 1973 to 1978
1 Total length: ~33 m + 80 m transfer line

50 MeV kinetic energy
~170 mA protons
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Where does the beam come from?

The PS Booster was built in 1972, its circumference is ~157 metres (1/4 x PS).

The PSBreceives the beam from Linac2 and
accelerates it to 1.4 GeV/c for ejection towards
ISOLDE or into the PS.

It consists of 4 parallel rings, which can be operated Proton Synchrotron Booster
rather independently, e.g. 1 ring for the East Area gE s olion o protons
and 1 for nTOF.

The PSB cycle is 1.2 seconds. The intensity spans 4 orders of magnitude, up to 3.2 1013,

Johannes Bernhard




Where does the beam come from?

hrot‘:n is the oldest machine at CERN, commissioned in 1959, but it
= functlonmg well and even well beyond |ts |n|t|al speC|f|cat|ons

and spe'zcﬁl.cons in th'e aih magnet umts to. .rg&de.th.e.facusmg In total there are

100 main magnets and as m ightSections . SE ecial

Proton Synchrotron

Synchrotron a protons
The PS cycle is 1.2 seconds. The PS serves many users, including the SPS North Area,
the LHC, the AD, the East Area, nTOF and machine studies.
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Where does the beam come from?

The Super Proton Synchrotron is the last accelerator in the injector chain before the
LHC. Its co/mmissioning started in 1976, but the North Experimental Area started only

in 1978/, e e o

SPS
Super Proton Synchrotron
Supersynchrotron a protons

Originally designed for fixed target proton operation at v , it has operated up
- (
b aEAls

to 450 GeV/c for fixed target physics (and LHC filling o 'as a prestigious p-pbar

"he circumference of the SP |s*’\]\1%tjmes‘
e protons are injected at 14 GeV/c and ™~
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Some pictures...
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The East Area Beams

T8 beam Destination:

IRRAD 24 GeV/c primary EAST IRRAD
CHARM |

North Target

T9 beam < Destination:
12 (15) GeVic EAST NORTH
T10 beam

T11 beam

3.6 GeV/c, 150 mrad

6 GeV/c, 60 mrad
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: . L X
Experiments: cloud

 Studies the influence of cosmic rays to
cloud formation

* Cloud expansion chamber set-up with
extensive instrumentation (mass
spectrometers, particle counters, etc.)

* Uses PS beam as first and only patrticle
beam experiment to study atmospheric
and climate science

« Spectacular results achieved (several
publications in Nature and Science)
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How do we produce a secondary beam?
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Targets and particle production

* Principle taken from cosmic radiation
Primary proton beam initiating hadronic shower
Always followed by an electro-magnetic shower
Particles are produced at once in a large momentum range

Top of the atmosphere
P P p Proton collides with an

/ atmosphere molecule.

';/N @ i Johannes Bernhard 14



Targets and particle production

Mean decay
Mass distance
[MeV/c?] [m/GeV/c]
g Electron | e | e 0.511 stable
-E- —
S Muon M | te 105.6 2.2Xx10°¢ 659.6 6.3%x103 Pt — e* VeV, (100%)
Pion mo| fe 139.6 2.6Xx10°8 7.8 56.4 m— PtV (100%)
Kt — K vy (63%)
-8 Tro et Ve (5%)
@ K | te 493.6 1.23x10 3.7 8.38 o (3%
o o (.. (28.9%)
w
Q - Ko¢ — w0 m® (30.7%)
s Kaon Ko, |8.9%x10 0.02 0.060 ST (69.2%)
v
c Ko, — me¥ve (40.5%)
Ko 0 497.6 L 2. ;
e Ko, |5.12x10® | 15.34 34.4 mHtVe o (27.0%)
O L |~ : . 3110 (19.5%)
:% e (12.5%)
Proton 2 te 938 stable
w
S | Lambda | A | O 1115.6 2.63x10"° | 0.079 | 0.237* N —prm (639%)
>~
—
= Sigma I+ | +e 1189.3 8.02x10™ 0.024 0.068* St —pm®  (5.57%)
Hyperons | 5. | _¢ 1197.4 1.48%10710 0.044 0.125* - (99.84%)

(*) for 10 GeV/c

';/N @ ) Johannes Bernhard
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Targets and particle production

HADRON TARGET

%Mainly
Hadrons
(p! T, K’)

—>
100-200 mm AL or BE, i.e. Low-Z material
UptolL,,and 0.5 Xo

int

More
electrons

ELECTRON ENRICHED TARGET

3mmW
+1 X, to convert photons

nt,m,n°0 y+y0O e +e
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'{.EH\ ?"II
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How do we build a beam line?

G
HE @ Johannes Bernhard

CEERN)
YA | e

17



Beam lines

Experiments and test beams require “clean” beams with high purity

(one particle type) and small momentum spread

Beam lines design (“optics”)

1.

o bk WD

Collect produced particles from target
Select momentum

Select particle type

Transport beam to experiment

Select beam spot size for experiment

[
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Secondary beam line - layout

Basic beam design
» Transport and momentum selection: bending magnets

Dipole electro-magnets:

— . BL[Tm] .
lf = q-7 X g] 0 [mrad] = 299.79B! [T -m]
plGeV]
B Ih
Lo 1A
I
B=5¢ e.g.
>, 1 GeV
> 2 GeV
> 3 GeV
Dispersion = dp/p
Dipole acts like a prism
:*5/?: ®c Johannes Bernhard 19




Secondary beam line - layout

Basic beam design
» Transport and focus: Quadrupole Magnets

E.g. in the horizontal plane
F(z) =q-v-B(x) —

We want a magnetic field that s N

B,=¢g-x By;=g-y

The red arrows show the direction

-> Quadrupﬂle magnet of the force on the particle
Gradient of quadrupole Normalized gradient focusing strength
2,[4‘,(] i —2
Gl [ ] k= D f € [m ]
ig @c Johannes Bernhard 20




.......

Basic beam design — 1o

« Transport and focus: Quadrupoles  ———————— T
* Like an optical lens

- Difference: focusing in one plane
and defocusing in the other plane at © T Doublet optics
the same time

« Use doublets or triplets for transport L~
and focus =
.Tripleut opti‘::s " ” "
f I e
iﬁ :@“... Johannes Bernhard 21




Secondary beam line - layout

Basic beam design
« Momentum selection and acceptance: collimators

+ Select small momentum band in combination with dispersion
from BENDs

vy

Momentum slit / collimator

+ Acceptance collimators
 Select beam size and beam rate

Quadrupole ]

Acceptance slit / collimator

h:‘/h'l @ . Johannes Bernhard 22




Secondary beam line - layout

+ Clean up collimators
» Absorb secondary particles produced in acceptance

collimators

Clean up collimator

« TAX (Target attenuator, only North Area)
» Define initial acceptance of the beam line

primary Target
beam

Acceptance defined by TAX

f‘@_cr . Johannes Bernhard 23



Secondary beam line - layout

Basic beam design
» Selection of particle types

Primary Secondary Absorber
Target (Be) Target (2021)  (few mm Pb, 2021)
>n > >I —————————————— >
Primary beanU Secondary beam \ Tertiary beam Tertiary beam
24 GeV/c p Mixed (e+h+u+y) Typically ~1-10 GeV/c Pure hadrons
Few 10" ppp  Typically ~1-15 GeV/c Flux up to 102 ppp, e.g.
~ 5
Flux ~ 10 ppp ~CIPb: 1X,, <<1 X, ‘pure’ electrons
—_>

Cu: ~3 ), ~30 X,: hadrons
* Intensities

y
9

—.

e

x-10% ppp < 10° ppp < 102 ppp
iﬁ :@“.“ Johannes Bernhard 24




Secondary beam line - layout

- Finalised optics of a beam line (T9)

_______

T £ 4
L= - T
= = =
| | | | | | | | | | | | | | | |
4 =] 12 16 20 24 8 36 40 44 45 52

T9 test beam optics

— ]
iy @

© =% a

o o o
= [+] a
= = 4+
= o o

Acceptance R
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The East Area Beams
The T9, T10 and T11 beam lines

are mixed beames.

Maximum momentum (GeV/c) 12
Thei ' intensity is 106 .
eir maximum Intensity 1> Production angle (mrad) 0
per EAST_NORTH cycle.
Both T9 and T10 beams are Beam length to ref. focus (m) 55.8
served from a common target, Beam height above floor (m) 2.50
together also with the T11 beam Ang.acceptance Horizotal (mrad) +4.8
for CLOUD Vertical (mrad) +5.8
' Acc. Solid angle (usterad 87
The flat top is 0.4 seconds. gle ( )
The number of EAST NORTH Theor. momentum resol. (%) 0.24
cycles is normally 3 per super- Max. momentum band (%) +10
cycle of 21.6 seconds. Magnification at reference focus 1.0,1.2
Protons on North target ~2.5 101
Max. flux (depending on p, Q) 106

ﬁ,.'-:'_;/'-.-' @ Johannes Bernhard
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CPS Tel:76677-W 38 NAWAVENAY, /\Jb__f\_ 19 Sep 18 20:52:12
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4 Colour range scales: 0.49-9 9-225 225-4500 E10 Charges
Zero 24 _ Comments (19-Sep-2014

onLifetime 5 176  PB54 TT2.D3 [liagithe
EAST_North 3 -0.0332.90 P+ NTOF+
MTE_2018 1387 P+ TT2_D3
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Flux/spill [Open collimators]

Beam rates

Estimated maximum flux in positive beam
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Beam composition

Composition of positive beam
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How do we see the beam?

=T
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Secondary beam line - Instrumentation

 Scintillating Counter

Charged particles produce light in
scintillator

Light collected and transported by
light guide

Coupled to photo multiplier tube
(PM), light hits photocathode and
produces electrons

Electrons are amplified within a high
voltage cascade

Used to count particles in a range
from a few particles up to rates of
MHz

Different shapes and sizes: Some
can scan through a beam, other
count the total rate

Scintllator
=

Light
guide

PM } \ SIGNAL
HV

Johannes Bernhard 32



Secondary beam line - Instrumentation

 Wire Chambers

* lonisation in gas from passing
charged particles

Gas electron amplification and
drift towards positively charged

wires

Two types used in beam lines
* Analogue MWPC (integrating

charges)

* Delay MWPC (add information
of scintillator for better

resolution)
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Secondary beam line - Instrumentation

; Mirror

 Threshold Cerenkov counters

/
In a medium (e.g. He or N2 gas): M _
| \V
PM
HV —

particle: v/c = p/N(p2+m?)
light: v/ic=1/n
If a charged particle goes faster than light in a medium,

it emits Cerenkov light in a cone with half-opening angle ¢:
¢? = 2kP - m? /p?
where k depends on the gas, P=pressure. Signal

Light is thus only emitted when @2 >0
The number of y' s ~ @2 and increases from 0 at threshold to = 100% at very high pressures.

Efficiency By selecting the right operating pressure,

A g one type of particle has good efficiency and
the other gives no signal.
- e By making a coincidence with scintillator signals,
particle identification can be made.

XCET counters are better at low momenta,
- CEDARS allow good separation at
P (bar) high momenta (300 GeV/c),
but are more complicated and need careful tuning.
XCET’ s are usually operated with Helium or Nitrogen at pressures between 20 mbar and 3 bar.

For e/m separation

's,';-:"f;:}:’-?'l __@_” ) Johannes Bernhard 34
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Congratulations for having won this competition
and good luck for a successful experiment!
Have a wonderful time at CERN !

CERN
<
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How do we control a beam line?
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[X| CESAR GUI 0.7.1 CPS.USER.EAST1

les Tune Detecors © Yew Wndow e Menu (not so useful for you)

__— Task Icons (ver

Workspace




EMENE [x| CESAR GUI 0.7.1 CPS.USER.EAST1

Status  File yhne Detectors EBEA  Wiew Window
A

W WOl e ®

(3 Magnet Status [Magnets] e E
Beam: ZT9 / ZT9.E<PERIMENT 04.05.2014 21:57:32
File: Mo beam file loaded Momentum: Geic Comment:
Magnets Read EeamPef hax Paolarity | Infa | F | Comments
QDEL 406.4 406.5 a50 M Def Quad -
<> QFo2 355.7 355.7 200 M Foc.Quad -
ﬂl EHZ1 §93.7 G935 1400 M Hor Bend -
<> QFO3 2902 2901 a50 M Foc.Cuad -
& EHZZ 245.4 245.4 450 M Hor Bend -
<> QF04 153.2 153.4 500 M Foc.Quad -
& EHZ3 2385 238.8 450 M Hor Bend -
<> QDES 264.1 264.2 500 M Def.Quad -
ﬂl EwT4 3629 3629 675 M Wert.BEend -
<> QDEA 4459 4490 675 M Def Quad -
<> QFO7 463.9 464.0 675 M Foc.Quad -
i Run @ Refresh All
© Refresh = Set Current E SETTO BEAM... Dizplay Faults Rectifier Stat... Store to e-lo...
) Hold * ) Refresh Selected : e X o *k
(s Magnets =




CURRENTS FOR T9 TEST BEAM, TUNED 28-07-2014
Focus 1 m behind XDWC

Momentum | QDE1 | QF0Z | BHZ1 | QF03 | BHZZ | QF04 | BHZ3 | QDE5 | BVT1 | QDE6 | QFO7
1.00 40.66 38.07 89.28 29.01 24.54 15.36 2391 2642 3583 | 4474|  46.12
1.50 60.99 55.22 | 133.92| 4352 36.82 23.04| 3586 39.62 53.76 67.12 69.18
2.00 81.32 72.00| 178.56 58.03 49.09 30.72 47.81 52.83 71.69 89.49 92.24
2.50 101.65 88.77 | 223.21 72.53 61.36 38.40 59.76 66.04| B89.64| 111.86| 115.30
3.00 12196 | 10571| 267.86 87.04 73.63 46.08 71.72 79.25| 107.61| 13423| 13836
3.50 14228| 12294| 31252| 10155 85.91 53.76 83.67 9246| 12559| 156.61| 161.41
4.00 16259 | 14050 | 357.18| 116.06|  98.18 6144| 9562| 105.66| 14360| 17898 18447
450 182.89 | 158.35| 401.85| 130.56| 110.45 69.12| 10758| 118.87| 161.64| 20135| 207.53
5.00 20320 | 17644 | 44652| 14507 122.72 76.80 | 11953| 132.08| 17971| 22372 23059
6.00 24379 | 21295| 53590| 17408 147.27 92.16 | 14343 | 15849| 21596 26847| 276.71
7.00 28438 | 24929 | 62531| 203.10| 171.81| 10752| 16734| 18491| 25238| 31321| 322.83
8.00 325.00| 28510| 71476| 23241 196.36| 122.88| 19125| 21133| 289.00| 35796| 368.95
9.00 365.68| 32043 | 80427| 261.13| 22090| 138.24| 215.15| 237.74| 32586| 40270 415.16
10.00 406.49 | 35566 | 893.84| 290.14| 245.45| 153.60| 239.06| 264.16| 363.00| 449.01| 463.98
11.00 44753 | 39139 | 983.47| 319.41| 26999| 16896 26296| 29057| 400.44| 49926| 517.31
12.00 488.94 | 42837| 1073.17| 350.88| 29454| 18432| 286.87| 317.19| 43824| 55465| 576.72
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OTHER FOCUSSING OPTIONS

Momentum Focus at XDWC XDWC + 2m XDWC + 4.5m XDWC+ 7m XDWC + 9.5m Parallel beam

GeV/c QDE6 | QFO7 | QDE6 | QFO7 | QDE6 | QFO7 | QDE6 | QFO7 | QDE6 | QFO7 | QDE6 | QF07

1.00 45.57 47.99 44.00 44,18 42.38 40.93 41.24 38.88 40.30 37.12 36.09 32.11

1.50 68.36 71.98 65.99 66.27 63.57 61.40 61.86 58.32 60.45 55.68 54.14 48.16

2.00 91.15 95.98 87.99 88.36 84.76 81.86 82.48 77.76 80.60 74.25 72.19 64.22

250| 113.94| 11997 109.99| 11045| 10595| 10233 103.10 97.19| 100.75 92.81 90.23 80.27

3.00| 136.72| 14397 13199| 13254| 127.14| 122.79| 12372| 116.63| 12090 | 111.37| 108.28 96.33

350| 15951| 16796 153.98| 15463 | 14832| 143.26| 14433| 136.07| 141.05| 12993| 12633 | 112.38

400]| 18230| 19196| 17598 | 176.72| 16951 163.73| 16495| 15551| 161.20| 14849| 14437 | 128.44

450| 205.08| 21595 19798 | 19881 190.70| 184.19| 185.57| 17495| 181.35| 167.05| 16242 | 144.49

500| 227.87| 23995| 21998| 22090 21189| 204.66| 206.19| 19439| 20150| 185.62| 18047 | 160.55

6.00| 273.44| 28794 26397| 265.08| 25427 | 24559 | 24743 233.27| 24180 22274 21656| 192.65

7.00| 319.02| 33593 30797| 309.27| 296.65| 2B6.52| 28867 | 272.15| 2B2.10| 259.86| 252.65| 22476

8.00| 36459 | 38392 35196 35345| 339.03| 327.45| 32991 | 311.02| 32240| 296.98| 288.75| 256.87

9.00| 410.19| 43253| 39596| 397.63| 38141 368.38| 371.15| 349.90| 362.70| 334.11| 32484 | 288.98

10.00| 458.00| 485.00| 441.01| 44298| 424.09| 409.33| 41244 | 388.78| 403.00| 371.23| 36093 | 321.09

e
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Tune

Status  Files

Detectors

EA  Wiewr Window

BARW] W E

s&

&P G

2Ti0 | zraa | Zme |

@ Beam FileExplorer [Beamfiles]

o'E [E

Beam: ZT3 / ZT9-EXP
File: ZT94 ZT3-EXP.OES

Momentum: +8.00 GeV/c

Last timing: 13.09.2016 09:08:13
Comment: LHCh TORCH 2016

| BeamPRefs->Selected File

ﬁ Load Beamfile

ETE Extrapolate

Filter:“

Beamfiles Comment Particle type Momentum | Experiment Zone Beam generation | Initial Ener..| Intermedia...| Final Energy| Last Modifi..ILast Modifi..l Creation |Invalid since| Parent beamfile
@ ZTOA ZTO-EXP.L TY Test Beam 4+3.0 Celf/c PION_PLUS +3.00 ZT9-ExP ZToA Secondary +3.00 +0.00 +0.00 2015/05/7 eat3aEAST 201570577 ZTOA ZT9-EXP.O03
@ ZTOAZTY-EXP.L T9 Test Beam +1.0 Cel/c PICH_PLUS +1.00 ZT9-ExP ZT9A Secondary +1.00 +0.00 +0.00 2014/10/: mataguez’ 2014710/
@ ZTOAZTI-EXP.0 T Test Beam +2.0 GeWfc PIOM_PLUS +2.00 ZT9-ExP ZT9A Secondary +2.00 +0.00 +0.00 2014710/ mataguez’ 2014,/10/:
@ ZTOA ZTO-EXP.L TY Test Beam 4+3.0 Celf/c PION_PLUS +3.00 ZT9-ExP ZToA Secondary +3.00 +0.00 +0.00 2015/05/7 eat3aEAST 2014/10/°
@ ZTOAZTY-EXP.L T9 Test Beam +4.0 Cel/c PICH_PLUS +4.00 ZT9-ExP ZT9A Secondary +4.00 +0.00 +0.00 2014/10/: mataguez’ 2014710/
@ ZTOAZTI-EXP.0 T Test Beam +5.0 GeWfc PIOM_PLUS +5.00 ZT9-ExP ZT9A Secondary +5.00 +0.00 +0.00 2014710/ mataguez’ 2014,/10/:
@ ZTOA ZTO-EXP.L TY Test Beam +6.0 Celffc PION_PLUS +6.00 ZT9-ExP ZToA Secondary +6.00 +0.00 +0.00 2014/10/% mataguez’ 2014710/
@ ZTOAZTY-EXP.L T9 Test Beam +7.0 Cel/c PICH_PLUS +7.00 ZT9-ExP ZT9A Secondary +7.00 +0.00 +0.00 2014/10/: mataguez’ 2014710/
@ ZTOAZTI-EXP.0 T Test Beam +8.0 GeWfc PIOM_PLUS +8.00 ZT9-ExP ZT9A Secondary +8.00 +0.00 +0.00 2014710/ mataguez’ 2014,/10/:
@ ZTOA ZTO-EXP.L TY Test Beam +9.0 Celffc PION_PLUS +5.00 ZT9-ExP ZToA Secondary +5.00 +0.00 +0.00 2014/10/% mataguez’ 2014710/
@ ZTOAZTY-EXP.L T9 Test Beam +10 Ce¥/c PICH_PLUS +10.00 ZT9-ExP ZT9A Secondary +10.00 +0.00 +0.00 2016/08/( eat9aEAST 2014710/
@ ZTOAZT-EXP.0 T9 Test Beam -1.0 Gev/c ELECTRON -1.00 ZT9-ExP ZT9A Secondary -1.00 +0.00 -1.00 2014710/ mataguez’ 2014,/10/:
@ ZTOAZTO-EXP.C T9 Test Beam -2.0 CeV/c ELECTRON -2.00 ZT9-ExP ZToA Secondary -2.00 +0.00 -2.00 2014/10/% mataguez’ 2014710/
B ZTOAZTS-EXP.L T9 Test Beam -3.0 Ce¥/c ELECTRON -3.00 ZT9-ExP ZT9A Secondary -3.00 +0.00 -3.00 2014/10/: mataguez’ 2014710/
@ ZTOAZTI-EXP.L T Test Beam -4.0 Gev/c ELECTRON -4.00 ZT9-ExP ZT9A Secondary -4.00 +0.00 -4.00 2014710/ mataguez’ 2014,/10/:
@ ZTOA ZTO-EXP.C T9 Test Beam -5.0 CeV/c ELECTRON -5.00 ZT9-ExP ZToA Secondary -5.00 +0.00 -5.00 2014/10/% mataguez’ 2014710/
B ZTOAZTY-EXP.L T9 Test Beam -6.0 Ce¥/c ELECTRON -6.00 ZT9-ExP ZT9A Secondary -6.00 +0.00 -6.00 2014/10/: mataguez’ 2014710/
@ ZTOAZT-EXP.0 T9 Test Beam -7.0 Gev/c ELECTRON -7.00 ZT9-ExP ZT9A Secondary -7.00 +0.00 -7.00 2014710/ mataguez’ 2014,/10/:
@ ZTOA ZTO-EXP.C T9 Test Beam -8.0 CeV/c ELECTRON -8.00 ZT9-ExP ZToA Secondary -8.00 +0.00 -5.00 2014/10/% mataguez’ 2014710/
B ZTOAZTY-EXP.L T9 Test Beam -9.0 Ce¥/c ELECTRON -5.00 ZT9-ExP ZT9A Secondary -5.00 +0.00 -5.00 2014/10/: mataguez’ 2014710/
@ ZTOAZTI-EXP.0 T Test Beam -10 Gevfc ELECTRON -10.00 ZT9-ExP ZT9A Secondary -10.00 +0.00 -10.00 2014710/ mataguez’ 2014,/10/:
@ ZTOAZTO-EXPC T9 Test Beam -7.0 GeVfc - 20™40c  PION_PLUS -7.00 ZT9-ExP ZToA Secondary -7.00 +0.00 +0.00 2015/05/: eat3aEAST 20157057 ZTOA ZT9-EXP.O07
@ ZTOAZT-EXP.L T9 Test Beam -6.0 Gevfc - 20™40c  PIOM_PLUS -6.00 ZT9-ExP ZT9A Secondary -6.00 +0.00 +0.00 2015/05/: eat9aEAST 20157057 ZTOAZT9-EXP.0O06
@ ZTOAZT-EXP.0 T Test Beam -5.0 Gevfc - 20"40c PION_PLUS -5.00 ZT9-ExP ZT9A Secondary -5.00 +0.00 +0.00 2015/05/: eat2a EAST 2015705/ ZTOAZTS-EXP.OOS
@ ZTOAZTO-EXPL T9 Test Beam -4.0 GeVfc - 20™40c  PION_PLUS -4.00 ZT9-ExP ZToA Secondary -4.00 +0.00 +0.00 2015/05/: eat3aEAST 20157057 ZTOAZT9-EXP.O04
@ ZTOAZTY-EXP.L T9 Test Beam -3.0 Gevfc - 20™40c PIOM_PLUS -3.00 ZT9-ExP ZT9A Secondary -3.00 +0.00 +0.00 2015/05/: eat9aEAST 20157057 ZTOAZT9-EXP.0O03
@ ZTOAZTI-EXP.0 T Test Beam -2.0 Gevfc - 20"40c PION_PLUS -2.00 ZT9-ExP ZT9A Secondary -2.00 +0.00 +0.00 2015/05/: eat2a EAST 2015705/ ZTOAZTS-EXP.OD2
@ ZTOAZTO-EXPL T9 Test Beam -1.0 GeVfc - 20™40c  PION_PLUS -1.00 ZT9-ExP ZToA Secondary -1.00 +0.00 +0.00 2015/05/: eat3aEAST 20157057 ZT9A ZT9-EXP.O0L
@ ZTOAZTY-EXP.L T9 Test Beam -8.0 Gevfc - 20™40c  PIOM_PLUS -5.00 ZT9-ExP ZT9A Secondary -5.00 +0.00 +0.00 2015/05/: eat9aEAST 20157057 ZTOAZT9-EXP.O05
@ ZTOAZTI-EXP.0 T Test Beam -9.0 Gevfc - 20"40c PION_PLUS -8.00 ZT9-ExP ZT9A Secondary -8.00 +0.00 +0.00 2015/05/: eat2a EAST 2015705/ ZTOAZTS-EXP.O0G
@ ZTOAZTA-EXPC T9 Test Beam -10 GeVjfc - 20™40cr  PION_PLUS -10.00 ZT9-ExP ZToA Secondary -10.00 +0.00 +0.00 2015/09/; eat3aEAST 20157057 ZT9A ZT9-EXP.0O10
@ ZTOAZTY-EXP.L T9 Test Beam -12 CeVjc - 20™40cr  PIOM_PLUS -12.00 ZT9-ExP ZT9A Secondary -12.00 +0.00 +0.00 2016/09/7 eaopIM|-C  2015705/: ZTOAZT9-EXP.0O32
@ ZTOAZTI-EXP.0 T9 Test Beam -11 GeVfc - 20%40cr PION_PLUS -11.00 ZT9-ExP ZT9A Secondary -11.00 +0.00 +0.00 2015/06/( eat2a EAST 2015705/
@ ZTOA ZTO-EXP.C T9 Test Beam -0.5 CeV/c ELECTRON -0.50 ZT9-ExP ZToA Secondary -0.50 +0.00 -0.50 2015/09/7 eat3aEAST 201570977 ZT9A ZT9-EXP.0O11
B ZTOAZTS-EXP.L Beamline for Schools 2015 ELECTRON -1.00 ZT9-ExP ZT9A Secondary -1.00 +0.00 -1.00 2015/09/7 eat9aEAST 201570977 ZTOAZT9-EXP.100
@ ZTOAZTR-EXP.L EBeamline for Schoaols 2015 ELECTRON -2.00 ZT9-ExP ZT9A Secondary -2.00 +0.00 -2.00 2015/09/7 eatda EAST 20157090 ZTOAZTS-EXP.100
@ ZTOA ZT-EXP.C EBeamline for Schools 2015 ELECTRON +1.00 ZT9-ExP ZToA Secondary +1.00 +0.00 +1.00 2015/09/7 eat3aEAST 201570977 ZTOA ZT9-EXP.034
B ZTOAZTS-EXP.L Beamline for Schools 2015 ELECTRON +3.00 ZT9-ExP ZT9A Secondary +3.00 +0.00 +3.00 2015/09/7 eat9aEAST 201570977 ZTOAZT9-EXP.036
@ ZTOAZTR-EXP.L EBeamline for Schoaols 2015 ELECTRON +6.00 ZT9-ExP ZT9A Secondary +6.00 +0.00 +6.00 2015/09/7 eatda EAST 20157090 ZTOAZTS-EXP.O37 |
@ ZTOA ZT-EXP.C EBeamline for Schools 2015 ELECTRON +3.30 ZT9-ExP ZToA Secondary +3.30 +0.00 +3.30 2015/09/7 eat3aEAST 201570977 ZTOA ZT9-EXP.0O36 hd
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Beamfile Settings Explorer [Settings for beamfile ZT94 ZT2-E<P.003]

File Mame: ZT9A ZTO-ExP.O0OG
Description: T2 Test Beam +5.0 Gel,/c
Momentum:  +85.00 [Cev/c]

Date: 2014710730 - 16:06:30
Walid

Pozition Type Deyvice name zettings

Magret Q74 2T9.004 CUrrent ;
Magret Qlz20C.2T9.005 | current ;
A Magnet MMPZ3.ZT9.010 | current :
Magret QF5.2ZT9.016 CUrrent ;
‘ﬂ Magnet MCEZTS.020 CLIFFEnt
Magret QFLEZTA.027 CUrrent ;
‘ﬂ Magnet MCEZTS.030 CLIFFEnt
Magret QFLZT2.032 CUrrent ;
‘ﬂ Magnet MEPS.2T9.039 CLIFFEnt
Magret QPL.ZTS2.044 CUrrent ;
Magret QPLEZTS.046 CUrrent ;

;.1'33 hange setting Edit in spreadshest @ Change info

Settings for beamfile ZT9A ZT9-ExXP.0O0S =




000 [X| CESAR GUI 0.7.1 CPS.USER.EAST1

Statuz Files  Tune Detectars B4 Wiew Windows

(R @Kr s wEEire®

@ Magret Statuz [Magnetz]

Beam: ZT10 f ZT10.EXPERIMENT

File: Mo beam file loaded Momentum: CeW,/c

Magnets BeamFef Palarity Infa | Camments
QDEL -545.4 Def.Quad
QFO2 -594 .3 Foc.Guad
EHZ1 -GB56.3 Hor. Bend
QFC03 -298.6 Foc.Quad
EHZZ -337.4 Hor. Bend
EHZ3 -345.0 Hor. Bend
QFO4 -547.7 Foc.Guad
QDES -513.6 Def.Quad
EWT4 -260.0 Wert.Bend

ZTEZE === === ==

O OB OR-¢

P - O
® Pun " im0 Refresh All

Refresh = Set Current  SET TO BEAM REF Display Faults Rectifier Status Store to e-logho...
) Hold * ) Refresh Selecte @ +123 & [l EHT q

(s Magnets =

O O O [X] Set QPS.ZT10.030 C...

E Current 513 4| [amp]

[¥| update Beam Reference

Ok | ‘ Cancel
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Status  Files T

Detectars

EA Wiew Window

BRR
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*k Rectifier Status [Rectifiers]

13y
TS

[x| CESAR GUI 0.7.1 CPS.USER.EAST1

P o

ol [

Beam: ZT9 f ZT9.E<PERIMENT

04.05.2014 21:59:09

File: Mo beam file loaded Momentum: CeWf/c Coamment:
Rectifiers CURREMT Beam Ref TOL MODE PoL | Lo FALULT | Inhfo Comments
QDEL 406.5 406.5 0.4 oM M Def.Cuad
<> QF0O2 355.7 355.7 0.4 sl il Foc.Quad
& EHZ1 8933 8938 0.4 [ul{ 1 Hor Bend < =BeamRef
<> QFO3 290.2 290.1 0.4 oM M Foc.Quad
,ﬂ‘ EHZZ 245.4 245.4 0.4 sl il Hor.Bend
<> QFO4 153.4 153.4 0.4 QM il Foc.Quad
ﬂ EHZ3 238.6 238.8 0.4 oM M Hor.Bend
<> QDES 264.1 264.2 0.4 sl il Def.Cuad
& EwT4 362.9 362.9 0.4 QM il Wert.Bend
<> QDES 445.9 449.0 0.4 oM M Def.Cuad
<> QFO7 463.9 464.0 0.4 sl il Foc.Quad
g ::.Tu % Refresh g E::::i:’::lemd & 5ot Cul. 1 on 1 osTan. v OFF of RESET X Displa... L2 Store .
Rectifiers =
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Status  Files Tune gctors  BEA Wiew  Window
T BN EE Y-

z

LI Beam stopper Status [Beam stopper]

Eeam: ZT9 f ZT9.EXPERIMENT 04.05.2014 21:59:42
File: Mo beam file loaded Momentum: CeW/c Comment:
Beam stapper Read EeamFef | Infa Camments
O =TP1 ouT
0= sTP2 ouT
w Pun @ Refresh All
% Refresh 1 move In T Move Out Stare to e-logha...
) Hold ¥ i} Refresh Zelected * * =
[I* Beam stopper = |
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Status  Files Tune Detect iewy  Window

ENEEAE T Y TS == R Y-

ZT9

e E E

Beam: ZT9 f ZT9.E<PERIMENT 04.05.2014 22:00:30

A3 Scaler Status [Scalers]

File: Mo beam file loaded Momentum: CeW/fc Comment:

scalers | Count |Ca|ihr.| Infa | Comments
B34 SFC 1.52%E+03 1 Sec.Em. counter
E<PT.ZT% 3.828E4+05 1
E<PT.ZT% 0.00E+400 1
E<PT.ZT% 0.00E+4+00 1
E<PT.ZT% 0.00E+00 1
1
1
1
1

3:

3343

E<PFT.Z2Ta  0.00E+00
23 EPT.ZT% 0.00E+00
2 E{PT.ZT% 0.00E4+00
2 EXPT.ZT% 0.00E+00

:

:

¥

Run Refresh All
g - % Refresh g e Bl _:33 Set Calibrati... Store to e-lo...
3 Scalers =

E Scimtillatar Status [Scintillators] I:|¢ ﬂ' E
Eeam: ZT9 f ZT9.EXPERIMENT 04.05.2014 22:00:37
File: Mo beam file loaded Momentum: Cel/fc Camment:
cintillatars | Caunt Coincidence Cainc. caunt HY |H‘\-r Bea...l Poz | Infa Camments
2 TELE 2.501E+04 *TEL F&1N-2 5.306E4+03 -1935 W™ 90 deg telesce
&M SCINT, 3.899E+05 3.899E4+05 -1833 1M Scintillator

b

® Pun @ Refresh All
% Refresh
1 Hald (1 Refresh Selected

-
=
o

=)
=
]

ﬂ Re... Sto...

l é? scintillators =
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ZT9

|4® 2T9 Delay Wire Chambers Profile © e [E

Beam: ZT9 f ZT9.E<PERIMENT 04.058.2014 22:02:13

File: Mo beam file loaded Momentum: GeWfc Comment;

FXDWC ZTR.054 - Delay W

[@ Delay Wire Chamber Courfis [DWCs]

Geam: ZT9 f ZT9 EXPERIMERT]

File: Ma beam file loaded

6.0E0Z 1 054
5.0E0Z 1

D = Max Count Total Count 4.0E0Z

(A% DwCa 576 5095 3.0EQZ
|4° DwCz Pao 8025

2.0E0Z
1.0E0Z 1

0.0EQ0 T T
-40 -20

Counts:8.095E03; Spills:1. Mean: 3.14 +7- 1067 [mm]

FxXDWC ZTH.055 - Delay W

3.0E0Z
£.5E0Z 7
2.0E0Z
1.5E0Z

1.0E0Z
|4® Delay wire Chimber Status Store

5 0E0L
[P Dwcs 0.0E00

T T
-40 -20

Counts:§.025E03; Spills:1l. Mean: 15.82 +/- 18.92 [mm] yo

LLE' Delay Wire Chamber Status [XDWCz]

: Run
Beam: ZT9 / ZT9. EXPERIMENT ¢ g ol % Refresh | (0 Accumulate | & Counts Store to e-loghook
u]

File: Mo beam file loaded Momentum:

(] . .
A 7T Delay Wire Chambers Profile x
XDWCs Hu HY Status Gas Status |L— elay Wire Chambers Profile x|

A" Ducl oK, Ok, Dielay WiC
|4 DwCz 0K, Ok, Delay W

) Refresh All

% Refrezh Restare HY itoreto e-logbook
* ) Refresh Selected ﬂ :

[A% xDwrcs =
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Experiments at Accelerators

Fixed Target (FT)
« Many particle types
* Precision physics

e Easier installation, easier
access

» Less space restrictions
 Larger flexibility
- Large momentum range
* Flexible particle types
But only fraction of beam

energy available for physics:

ECM ~ \/2 mO Ebeam

Collider

« All beam energy available for
producing new particles/physics

 Just one particle type (e.g.
protons)

« “Discovery machines”
¢ Vs~ 2 Efeam

Physics at FT and collider are
both useful and needed

1 GeV = 1 Billion electron Volt
=1.6 1019

[

Vo
(bR N

%’iy{:-,;'

Johannes Bernhard



Our Users and their Requirements

Experiments (CLOUD, P349)
* require stable and reliable beams

» only location for PS based experiments

Test beams for detector R&D

* require wide range of beam momenta, ideally overlapping with North Area
 require different particle types (e, h, W)

° require easy access

Users of irradiation facilities IRRAD and CHARM

» require high flux and variable radiation fields

Outreach (Beamline for Schools)

 requires plug and play infrastructure

[

o
. N

".{iy{:-,;'
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Test Beams for Detector R&D

 Particle detector development with wide energy ranges (LHC, FCC, Fixed
Target Experiments, ILC, GSI,...)

« Spaceborne experiments (PAMELA, AMS, GLAST, PEBS,...)

* Neutrino, dark matter, and BSM search experiments (SHiP, BabyMIND,
OPERA, MINQCS, ...)

» AIDA telescope (better flexibility through different test beams, e.g. DESY,
North Area, ...)

Typical test campaigns:

» Tracking detector characterisation  Design validation

 Calorimeter calibrations » Performance assessment
 Prototype development » Preparation for North Area tests
 Proof-of-concept

@

__@_” ) Johannes Bernhard 51



The East Area Beams: T11

The Beam Line for CLOUD




Typical PS cycles

top

SFTPRO 14 GeV/c — Upto3108 1.2s Need 2 to fill SPS *)
CNGS 14 GeV/c — Upto310 1.2s Need 2 to fill SPS *)
LHC 26 GeV/c — 1.4 1.2s

10%/bunch
EAST 24 GeV/c 04s 2-310% 24s For test beams T9+T10
NORTH + CLOUD
EAST _ 24 GeV/c 04s 1.2 1041 24s For IRRAD and
IRRAD CHARM facilities
TOF 20 GeV/c — 8 1012 1.2s
AD - 1.51013 1.2s Only once per ~90

seconds

MD Variable parameters

*)  The SPS circumference is 11 times the PS one. Need 1/11t™ of SPS for kicker switching
and 5 turns of the PS to fill one half. The so-called CT extraction takes 5 turns.




Flux

Targets and particle production

Atherton parameterisation (CERN 80-07):

da’n _ [ B -Bp/po
dpaQ ~ “|po ¢

2cp? —c(pe)’-:l d’N _ [(B+1) { p\B] [2cp*® -c(pB)?
][271‘ € ' dpd{2 Po [pu] o © :|

with primary momentum p, and production angle 6
Flux per solid angle [steradian], per interacting proton, and per dp [GeV/c]

0=0mrad

1

- A B c

I w 1.2 9.5 | 5.0
— P, m 0.8 11.5 5.0
e K" 0.16 8.5 3.0

| . K 0.10 | 13.0 | 3.5
p 0.06 16.0 3.0

5 Note: Extrapolation for

1 1 1 1 1 1 1
-200 -100

1 1 1 1 1 1 1 1 1
0 100 200

» (GeVie momenta below 60 GeV/c
ir Johannes Bernhard 54



Matrix elements

More useful for calculating

X
Some optics elements o -
X,

Transfer matrix R

N
X, Ry Ry Ry X, + R, X,
X;'| 7| Ra Rz R, X, + Ry X,
o
]
1 L 1 O
qa. : Drif |- uadrupole:
e.g. : Drift space 0 1 Q P 1 1

(f = focal length)

*';/N @ i Johannes Bernhard 55



Generalisation to real systems

The matrix of a system is the product of the individual matrices:
2 1
% % Horiz 4 )
But also include:
/ Vert :/I-((): Omoerl’?tllrJ]?T;[eps
\V/ A

1 L1 OfIL I Off1 L |l %X 6Xx6 matrices !
0 1Y, 1JL0 1Y, 1 N0 1JUX,

X X

<

<

L
Ap/
\ppJ

0o
Doublet optics TRANSPORT RUN25/02/03
POSITION TYPE STRENGTH * HORIZONTAL * VERTICAL * DISPERSION
METERS T*M, T/M*M * R11 R12 R21 R22 * R33 R34 R43 R44 * R16 R26 R36 R46
T/M**2*%M * MM/MM  MM/MR  MR/MM  MR/MR * MM/MM  MM/MR  MR/MM  MR/MR * MM/PC  MR/PC  MM/PC  MR/PC
hhkkkhkhkhkhkhkkhkhkkhkhkhkhkkhkhhhkhkhkhhhhhkhhhhkhkhhkhhhkhhhhkhhhkhhhhhhhkhhhhkhkhhhhhkhkhhhkhhhhhhhkhhhkhhkhhhkhhkhhhkhkhkhkhkhhkhkhkhhhhhkhkhhkhkhkhhhkhkhkdkhkhkhkhkhhkhkhkhhkhkhkhkhkhkdkhkhkrkhkrhkkkx
0.000 3 TARGET * 1.000 0.000 0.000 1.000 * 1.000 0.000 0.000 1.000 * 0.000 0.000 0.000 0.000
9.000 3 * 1.000 9.000 0.000 1.000 * 1.000 9.000 0.000 1.000 * 0.000 0.000 0.000 0.000
11.000 5 Q1 61.9865 * 0.820 9.257 -0.175 =-0.751 * 1.192 12.851 0.198 2.970 * 0.000 0.000 0.000 0.000
19.000 3 * -0.576  3.250 -0.175 -0.751 * 2.772 36.609 0.198 2.970 * 0.000 0.000 0.000 0.000
21.000 5 Q2 -61.9865 *  -1.058 2.276 -0.322 -0.253 * 2.644 35.592 -0.322 -3.955 * 0.000 0.000 0.000 0.000
30.000 3 * -3.955 0.000 -0.322 -0.253 * -0.253 0.000 -0.322 =-3.955 * 0.000 0.000 0.000 0.000
30.000 3 FOCUS * -3.955 0.000 -0.322 -0.253 * -0.253 0.000 -0.322 =-3.955 * 0.000 0.000 0.000 0.000
) Johannes Bernhard 56
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Transport table

179 test beam coptics
0PFOSITION TYPE

STRENGTH *

HORIZIONTATL

x

TRANSPORT RUMZE/02./08

VERTICAL

DISPERSIORN

METERS TaM, T/M*M * Rl1l R12 R21 R2z * R33 R34 R43 R4 = R16 R26 R36 R46
T/M*E2*M * MM/MM  MM/ME ME/MM 0 MR/MR € MM/MM @ MM/MR @ MR/MM ER/MR * MM/PC  MR/PC  MM/PC MR/PC

iR EEEEEEEEEREREERRERRE R R R AR R R R R R AR AR R R R R R R AR R R A A A A A A A A A A A A A A A AT A AT A A A A AT A A AR R EEREFRRFEREEREEFERTERERERERRERERERRERREFERERERRRER AR A AR R b ke ke R e kR
0.000 3 BE3H * 1.000 0. 000 O.000 L.000D * L.000 0.000 g.o00 1.000 = o.000 0. 000 0.000 0. 000
4.310 3 * 1.000 4,310 O.000 1.000 * 1.000 4.310 o.000 1.000 = 0.000 0. 000 0. 000 0. 000
S5.080 5 @QDEL -29.9053 * 1l.242 §.196 0.645 4,023 * 0.776 4,065 -0.552 -1.605 = 0.000 0.000 0. 000 0. 000
5.580 3 * 1.558 8.168 0.645 4,023 * 0.505 3.278 -0.552 -1.605 * 0.000 0.000 0.000 0. 000
6.820 5 QFD2 26.7793 * 1l.784 10.059 -0.302 -1.143 * -0.0BL 2.210 -0.445 -0.212 = 0.000 0.000 0.000 0. 000
B.200 3 * 1.367 8.481 -0.302 -1.143 * -0.655 1.%17 -0.445 -0.212 *= 0.000 0.000 0.000 0. 000
l0.800 4 BHIL 3.6025 * 0.582 5.511 -0.302 -1.143 * -1.64% 1.361 -0.442 -0.215 * —0.936 -—-0.720 0.000 0. 000
11.230 3 * 0.452 5.020 -0.302 -1.143 * =-2.030 1.266 -0.442 -0.215 * =1.245 -=0.720 0.000 0. 000
11.%10 3 STP1 * 0.246 4,242 -0.302 -1.143 * =2.340 1.122 -0.442 -0.215 # =1.735 -0.720 0.000 0. 000
13.531 3 & =0.243 2.389 -0.302 -1.143 * -3.057 0.773 -0.442 -0.215 * =2.903 -=0.720 0.000 0. 000
14.211 3 STPZ2 & =0.229 1.611 =-0.302 -1.143 * -3.357 0.626 -0.442 -0.215 * =3.393 -=-0.720 0.000 0. 000
14.928 3 & =i, 665 0.792 -0.302 -1.143 * -3.674 0.472 -0.442 -0.215 * =3.90% =0.720 0.000 0. 000
15.828 3 MCH1 * -0.937 -0.237 -0.302 -1.143 * —-4.072 0.278 -0.442 -0.215 * -4 .557 -0.720 0.000 0. 000
l6.164 3 * -1.039 -0.622 -0.302 -l.143 * -4,221 0.206 -0.442 -0.215 = —4.79% -—-0.720 0.000 0. 000
17.004 5 QFD3 15.1271 * -1.153 -1.4£64 0.037 -D.BZ1 T -5.157 o.044 -1.832 -0.178 * —-4.782 0.761 0.000 0. 000
17.843 3 * -1.122 -2.153 0.037 -D.B21 * -6.604 -D.106 -1.832 -0.178 = —4.143 0.761 0. 000 0. 000
20.443 4 BHIZ2 3.0571 * -1.026 -—4£.286 0.037 -D.B21 * -11.446 -0.570 -1.820 -0.178 = —2.958 0.150 0. 000 0. 000
21.636 3 * -0.982 -5.265 9.037 -D.B21 * -13.617 -D0.7B2 -1.B820 -0.178 = —2.779 0.150 0.000 0. 000
25.861 3 * -0.827 -8.732 9.037 -D.B21 * -21.305 -1.534 -1.820 -0.178 = —2.144 0.150 0.000 0. 000
27.101 5 (QFD4 11.8194 * -0.665 -8.453 0.217 1.260 * -26.B70 -1.%%6 -T7.375 -0.585 * -1.660 0.611 0.000 0. 000
27.461 3 * -0.587 -7.9399 0.217 1.260 *+ -28.525 -2.206 -T7.375 -0.585 * —1.440 0.611 0.000 0. 000
28.041 3 MCV1 * -0.461 -7.268 0.217 1.260 * -33.B03 -2.546 -T7.375 -0.585 * =1.086 0.611 0.000 0. 000
28.521 3 * -0.356 -6.664 0.217 1.260 * -37.343 -2.B27 -7.375 -0.585 * =0.793 0.611 0.000 0. 000
31.121 4 BHI3 3.0571 * 0.209 -=3.389 0.217 1.260 * -=56.450 -4.342 -7.310 -0.580 = o.001 0.000 0.000 0. 000
31.721 3 & 0.339 -2.633 0.217 1.260 * -gG0.B36 -4.690 -7.310 -0.580 = o.ooo0 0.000 0.000 0. 000
32.961 5 QDES -20.3271 =* 0.721 -1.628 0.424 0.42% * -54.467 -4.Z218 17.147 1.310 = o.ooo0 0. 000 0.000 0. 000
35.959 3 * 1.993 -0.341 0.424 b.420 * —-3.05% -D.202 17.147 1.310 = o.ooo0 0. 000 0.000 0. 000
36.363 3 MWPC * 2.162 -0.168 0.424 b.420 * 1.B6E 0.237 17.147 1.310 = o.ooo0 0. 000 0.000 0. 000
38.541 3 * 3.088 0.767 0.424 b.420 * 41.215 3.089 17.147 1.310 = —0.001 0.000 0.000 0. 000
39.721 4 BVT1 1.4728 = 3j.588 1.273 0.422 0.42E * 61.4345 4.634 17.147 1.310 = —-0.002 -0.002 0.174 0.294
43.051 3 * 4.993 2.699 0.422 0.42E * 11E.545 E.295 17.147 1.310 = —-0.008 -0.002 1.15=2 0.292
45.211 5 @QDES -20.5147 * 8.424 5.054% 2.0EE L.210 * 1DL.625 7.727 -31.640 -2.396 = —0.009 0.001 1.226 -0.233
45.651 3 * 2.738 5.894 2.0E66 1.910 * E7.704 G.673 -31.640 -2.396 * —0.00%9 0.001 1.123 -0.233
47.811 5 QFO7 19,8024 * 11.433 7.112 -1.530 -D.E64 * 45,427 3.76B% -6.282 -D.462 = —0.00% -0.001 1.060 0.171
48.631 3 CHI1 * 13.178 §.403 -1.530 -D.EG4 * 44,266 J.410 -6.2582 -D.462 = —0.00% -0.001 1.200 0.171
53.661 3 CH2 * 2.484 2.057 -1.530 -D.EG& * 12.621 1.0E6 -6.282 -0.462 = =0.013 -0.001 2.059 0.171
56.013 3 MWEC * -1.114 0.024 -1.530 -D.EG& * -2.177 -=-D.0DL -6.292 -0.462 = -0.014 -0.001 2.461 0.171
55.6811 3 & =i 805 0.199 =1.530 -D.GEG6E * -0.906 0.052 -6.282 -0.462 * -0.014 -0.001 2.427 0.171
55.811 3 FEFoC & =i 805 0.199 =1.530 -D.GEG6E * -0.906 0.052 -6.282 -0.462 * -0.014 -0.001 2.427 0.171
Gl.811 3 ENDP & -9,.994 -£.986 -1.530 -D.BG64 * =36.657 -2.6B0 -6.292 -0D.462 * -=0.018 -0.001 3.451 0.171

G

Y, Johannes Bernhard 57




North Area — beam lines

Beam line

H2

H4

H6

H8

P42/K12

M2

T2 wobbling

Target station

from T2

from T4

T4/T10

T6

Momentum range

<400 GeV/c

<400 GeV/c

< 205 GeV/c

<400 GeV/c

70 GeV/c

100GeV/c — 270 GeV/c

Particle types

p, h, e, y, ions

p, h, e, y, ions

h, e, u

p, h, e, y, ions

P, K, u

p,h,ep

User zones

PPE152, 172

PPE134, 154, 164

PPE126, 146, 156

PPE138, 158, 168

ECN3

EHN2

Typical users

NA61, CMS

NAG63, NA64, GIF

LHCb, ATLAS, UA9

NAG2

COMPASS

firn

EsECI=EERI ML
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North Area

Satellite Relief
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North Area — EHN1 experimental hall
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