How to teach in the classroom
about a HEP experiment !!!]



Particle classification
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Fig. 8.4. The basic set of clementary particles known by the carly 1950s.
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Iy Leptons : not Strongly interacting
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There are lots of particles
but

you have to know only
VERY FEW

Here are the MESONS

b, K D, B,JrY . ¥

See also the table of suggested g§ quark-model assignments in the Quark Model section,

* Indicates particles that appear in the preceding Meson Summary Table, We do not regard
the other entries as being established.
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O eruitayuvtecg oto CERN: avamapayouv o€ XWPO

TNV popdn mou €LXe N VAN eval SLOEKATOLLLUPLOCTO TOU Sec
LeTa To Big Bang-oL aviyveuteg tnv pwtoypadlouvv!
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CMS Experiment at the LHC, CERN
Data recorded: 2015-Jun-03 08:48:32.279552 GMT

Run / Event / LS: 246908 / 77874559 / 86
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OLOWVIXVEUTEG-KAUEPEG
*ELval ol « LNXOLVEGY TIOU pnotp.onmouus yla va Bpoupe Vlt 0
KOOMOG HOLG ELVOLL ETOL.

* Mot ta cwpatidia exouv dradopetikec polec

* TL €0l N GKOTELVN UAN GTO GUMTTAV
* Eav Loxuouv ot dtadopeg BswplLeC IOV AITOTELPWVTOL VO

ocuunAnpwoouv/avtikataotnoouv to “standard model”

* Mw¢ nTav n KwtTn, MUKvn rpwtn popdn tng UANG KAaopato Tou
deutepoAenttou peta thv MeyaAn Ekpnén

§ * Eav oL Bewpleg evomonceLg propouv va enainbeutouv
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- Ol AVYXVEUTEC-KOUEPEC
| Asv dwroypadiiovv ta cwpatidia , ansubeiac”
Pwroypadi{ovv tnv aAAnAenidpacn Touc Le TtV VAN ( ou

ELVOlL O LOLOG O aVLXVEUTNC, Eva TpLlodlactato, ateAewwto film)
Tov oto teAo¢ cuvnOwc«uetadppalel» tnv aAAnAenidbpacn o€

8 KOLTL LETPNOLHO

* Pwc¢ (-> pwrtonoAAanAaociaoteg, pwtodlodot, CCD, Si pixel)
* HAekTplkO onua

Tt pwtoypadL{ouv(LLETPOUV) OL AVLXVEUTEC
Evepyela
Opun
®opTtlo
Xpovo {wn¢
AL0OTTALOELC
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Momentum Measurement in Magnetic Field

Momentum is determined by measurement of track curvature « = 1/p in B field:

Measure sagitta s of the track. For the momentum component transverse to B field:

Pr = qBp
< - o Units:  pg[GeV] = 0.3B[T]p[m]
X " JL'J_: 1 ggg{fnrsmullﬁjzﬂﬁé:G'EE'L
IR P L 2 P Pr

e

For the simple case of three measurements:
§ = X—(X+x5)/2 = ds = dx,—dxy /2 -dxy /2

with o_=dx; uncorrelated error of single

P
measurement:
.
b i 2 G? 3,
L — L i aY = =L
oy = or+ 1 - 20T
Detectors for Particls Phyzice: 2 o carsten nisbuhriddesy.de
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lems Experiment at LHC, CERN
'Data Recorded: Sat Apr 24 08:31:20 2010 CEST
| Lumi section: 795

Run / Event : 133874 / 64064942




0L aviyveuteg-kapepeg Kaloppetpa. .
| H)\gkrpouayvnrtkd

Adupn yevveon, aktvoBoAtat nebnoswg
okebaloN KTA-N apXLKN EVEPYELA TOU

Y . OWHOTISOU «peTadpaleTor» @€ dwtovla
! | Ko NAgKTpOVLal TOU, «dwToypadovtaLy

«Bapu UALKO»
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YO aviyveuteg-kapepeg Ka}ppyuérpa.
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Ot cuyyxpovol peyadot aviyveuteg oto CERN: dwtoypadllouv

LE LEYAAN XPOVO-XWPLKN aKPLBELA TNV CUMTEPLPOPA TNG UANG
OTLC OUVONKEC apeowc peta To Big Bang (“apeowc “ <102 sec)

* OL OVLYVEUTEC EWVOLL TIPOYLOTLKAL LLEYAAOL....

Ovopa Bapog (tn) | MeyeBog (z,r) | ApXiko kKooto¢ | AvBpwrot
(MCHF)

ALICE 10000 26,16 ~300 ~1500

ATLAS 7000 44,22 ~550 ~3000

CMS 13000 21,16 ~550 ~3700

LHCb 4500 20, 5+ ~300 ~800

...ylatt mpenel va «pwtoypaploouv» TOAU «pIKpo» aviikepeva (< 1071 sec),
MIAQLULE YLOL OLTTOOTOLOELG ULKPOUETPOU Kal Xpovous {wng ¢paypata Tov psec.

O {ntoupeveg pwrtoypadreg ewvat tou pnoloviov Higgs, UMEPOUUHUETPLKWV
ocwpaTOLWVY, mini powpeg TpUnEeC, Baputovia n aAleg popdeg tng VARG (quark —
gluon plasma...)
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CMS ~13000 t

EM Kalopuetpo
YREPAYWYLHO GWANVOELSEC PIETP

ECAL
Scintillating Adpoviko Kaloplpetp

PbWO4 crystals Plastic scintillator/brass
sandwich

«Zuyog» alénpeu

15m

Tpo)xtoypadioc

Silicon Microstrips
Pixels

Total weight : 13,000 t ..
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4(3.8) Tesla

OaAauotl poviwy

Drift Tube Resistive Plate Cathode Strip Chambers and
Chambers Chambers Resistive Plate Chambers
22 m



OL 4 «peyalow» aviyveutec tou LHC:

Exouv oloL ta LdLa tepUTou Koppatia (UTTAVIXVEUTEG). ...

Ymavixveuing ALICE ATLAS CMS LHCb
Vertex v V \4 V
detector/Tracker

KaAopluetpo V v v v
Muon detector |V V v v
Awadopa L \4 v NRRNNY

OAot gxouv evav kataypadea tpoxlwv (Tracker ota EAAnvika!) yia va «BAemouv» tnv
SdLadpopn Twv POPTLOUEVWY CWHATIOLWY OTO XWPO

OAol exouv gva kaloplpetpo (HAekTpopayvnTiko kat AGPOoVIKO) yLa va LETPOUV TNV
EVEPYELQ

OAOL £XOUV QVLXVEUTEC MLOVIWV-YLATL TO plovia Sev «TteBalvouv» ota KOAOPLUETPA KAl
N AVLXVEUGHN TOUG ELVOL TIOAU ONHOVTLKN
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ZDC w
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( TRIGGER
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ATLAS

~7'000 t

Muon Detectors Electromagnetic Calorimeters

. Forward Calorimeters
Solenoid
[
- End Cap Toroid
= | e =

J
Barrel Toroid Inner Detector Shielding

Hadronic Calorimeters

44 m

22 m



~4°500 t

. N

N\

ECAL HCAL
SPD/PS M3

RICH2 M1 1\12 —
T3
T2
Tl

M4 M5




Mo «peta»y tov CMS

I | | | | | | |
Om m Im Im 4m Sm am m
Select:
Muon
Electron
— Hadron (e.g.Pion) :
----- Photon

Silican

Tracker

Electramagnetic

I }':1‘.]' Calorimeter

Hadron Superconducting

M, W2

Calorimeter Solenoid

Iran return yoke interspersad

Transverse slice with Muon chambers
through CMS 1

1, Rarney, €







Ot ouvélaopol Twv «dwtoypadPLwv» TWV aVLXVEUTWV Hac SLVEL
NV «pwtoypadlo «ToU YEYOVOTOC

EAadpa vAwka: “tracking” tpoxlopetpla, P;

(ka®eTn cuvicTwoa TG 0pHUNG), apXn
NAEKTPOMAYVNTIKWVY KATALWVLIOHWVY
(showers),tomtoAoyLa apxnG avtidpacewv

Tracker (kaTaypa@eag TPOXIWV)

Bapia UAwa(poAuBdog, oupavio) kat

«gVepya VALK yla avixvevon! A~ A'/3
Tautonownon cwuatiwy, jets, Letpnon

Kat’ ouoiav
KATAYPOAPENSG TPOXIWV..

EVEPYELOG
YAwka pe moAAa npwtovia! kot «evepya
1804 74
UAwka» yua avixvevon! X, =
%povmo AVIXVEUTEG
KOAOPINETPO KOAOPIMETPO MIOVIWV

LR (]

HAektpovLo;
Dwtovo;
AbdpovLo;

MovLwo;

I
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]
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Frank Hartmann, CMS
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H ENIANOTH KAI KATATPADH TQN “rETONOTQN”

ATLAS
OL aviXveUTEG ewval axpnota akpBa rayvidia AL AS TDAG Global Architecture
XWPLG TO CUOTNUA ETUAOYNG YEYOVOTWY _— — —
(trigger) kaw tTnVv emthoyn Kat kotaypadn e
bdebopevwv (DAQ). Edw ta MHz kaw ta PB ewvat [ ]

KaOnuepwvotnta ya ta rteputov 100
ekatoppupla “kavaiia” mou “Stapalouv” Tig
TIANPOPOPLEG TIOU TIPOEPXOVTOL ATTO TLG
OUYKPOUGELG L]

| Eventbuilding |

CMS o
O
o
40 MHz Level 1 H Detector Front-Ends
Trigger T T T
¢ —'—H Readout
| - jl]‘r ;II]TFS
Event ) Control
5 Builder Network 100 GB/s and
L Menagn M Monitor z
< I I I l I Filter
_I_"—|_ Systems
2
10° Hz Computing Services




AMa kat (prawvw oto Ogpa...):

Lo TOV aVLYVEUTN ...

*2uotnpata HAektpkng tpododociac (~15-20kA, LOXUG, CUVEXEC Kol EVAAQGOOEVO)
eZuotnpata aeplwv (evdAekta Kat pun )

*Juotnpata Puktkwv( ~ -30°C kataypadeac TpoxLwy)

eTuotnpata eEunvwyv povwtwyv( ~ -20°C kataypadeag tpoxtwv ~ +17°C ECAL)
°ZUOTNUATO EAEYXOU KLVIOEWV OVTLKELLEVWV (UTIOOVLXVEUTEG Kol OANQL KOJLOTLOL
“Tuylouv” 2 kai 3 Tovwoug, aaOntnPeg)

euotnuata eheyyou nmepiBaiiovroc (Eepoc aepac, alwto)

oyuotnuata evbuypapionc (laser) kat eAeyxouv kwvnoswv (CCD kapepec)
*ZUOTNATA LETPNOEWC Kal oXtL Hovo, Tn¢ padievepyelag (dtadopetikec pebodol)

Mo o tepLBAAAOV YUPW OUTTO TOV AVIXVEUTN

*ZUOTNHATA OEPLOMOU TOU TIELPOMATLKOU Xwpou (+/- 2°C)
*Zuotnpata eAeyxou nepiBaiiovrog (Vypaotia, Oeppokpacia)
eJuotnpata PukTtkwv (~ 159C)

*Zuotnpata eubuypapiong (laser)

*ZUOTNUATA KLVNONG TWV KOMUATLWY Tou avixveutn (ouvoAwka 13!)

la tov Mayvntn

eZuoTtnpata eAeyxou nepBailovtog
eJuotnpata PUKTkwv(-268°K)

*Zuotnpata Kevou (povwan)

*2uotnpata HAektpkng tpododociac (18-20kA)




* 0O oxeblaopoc, mpooopowwon, kataokeun, enBefawwon, Babuovopnon €vog aviyveutn
LLE aKPLBELA LETPNONG EVEPYELEC KOl LKAVOTNTA KaTaypadng TOANATTAWY YEYOVOTWV...

Tou tumou LHC dev ewal eva emixelpnpa «puotkne» (Lovo)-ewval EMLXELPNUOA LNXOVIKNG,
NAEKTPOVLKWYV KoL NAEKTPLKWY OXESLACH WYV, UALKWYV (0TEPEQ KATAOTAON), UTTOAOYLOTIKWVY
TIPOYPOUUATWY, OXEOLAOUOU EPOSLACHWY KoL Opyovwong SLotknong, KOTAOKEUNG Kal
opyavwong epyotaélou KTA.

* H «Aettoupyla» (run) tou avixveutn xpelaletal MOAU ELOLKEULEVO TIPOCWTILKO yLa val
LTTOPECEL vaL ELvaL AsttoupyLkog kot va avafaBpuiletatl yia 20-30 xpovia. To ap)Lko
MPOoWTILKO Ba avavewBel, WOLattepa ylatt SEV UTTAPYXOUV «LOVIMES» OEOELC.

e O avi(veUTNC OMWCE KL O ETUTOXUVTING EXEL TIOAU PEYAAUTEPN GUUETOXN QIO TO TIPOCWTTILKO
tou CERN, xwptc BePfata va amokAeLlovtol TOAAEC CUVEPYAOLEG.
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Login/Logout

3rd Quarter ath Quz

Jun

Jul | Aug [ Sep | Oct |

Task Name - |Duration
260 |~ Perform work on YB0+Z with Full acces to vacTank 33.5 days
261 Open YB+2 / YB+1 1.5 days
262 Remove MABs 1day
263 Install access staircase to inside of VacTank 1day
264 Remove CCM jumpers (RBXs) inside VacTank 18 days
265 Remove thermal shield for TK 7 days
266 Install additional services under thermal shield Sdays
267 Install temperature sensors for TK 2 days
268 Perform TK cold test 9days
269 Refurbish Quick connectors 18 days
270 = HO-DT-RPC tasks 20 days
271 = Remove ECAL LV cables 8 days
272 S02M 1day
273 S03 N 1day
274 S06 F 1day
275 S07F 1day
276 511 2 days
277 510 2 days
278 = Remove DT-RPC cables 7 days
279 502503 1day
230 506 507 1day
281 511 1day
282 510 1day
283 = Perform work on HO 10 days
284 502 1lday
285 503 1day
286 506 1day
287 507 1day
288 s10 1day
289 511 1lday
290 = DT chamber extraction for HV repairs 9 days

09/08 T 26/09




Zuotnpoata eEunvwy povwtwy( ~ -20°C kataypadeag tpoxwwv ~ +17°C ECAL)
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°ZUGCTNHOTO EAEYXOU KLVNOCEWV OVTLKELLEVWV (UTTOOVLXVEUTEG Kal AACL KOpLaTLL
“Tuylouv” pexpL 2 Tovvoug, atodntnpeg)

Ta Bopn TWV KORUOTLWV HITOPOUV VAL

ayyLEouV TouG 2 TOVOUG KaL KLVOUVTaLL

ne vdpavAka cuotnuata. OAa avta

QLUTOJLOLTOL KOIL QUTTO JLOLKPLAL... [LOL TO

~—  mpoBAnua tou va Bpebouv n va

’ avarttuxBouv awedntnpeg kataAAnAol
YLOL TLG CUVONKEG TWV MELPALOTWV
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euotnuata eleyyou mepBallovroc (Eepoc aepac, alwto, Beppokpacior)

Kootog¢ ~150,000 svpw
[Mpootacia Tou avViXVEUTN TPOXLWV aro tpoBAnua

vypaotlag N LaAAov cnuelou Spocou

]
B
(|
£
B!
[
]
A
L]
L3
8
'
s
=|
-




Each sensor requires
two separate Arduino
Analog Inputs to be
read out (T - yellow
and RH - blue wires).
The Arduino Nano has
eight Analog Inputs, AO

In a cabled system, we
would need at least
two lines for powering
the sensors (VCC and
GND) plus two lines
per sensor for the two
analog outputs, better

yet four lines (analog

Kootoc ~30 supw
output plus extra GND)

to A7, so we can read
four HS-2000 sensors
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HS-2000 Temp and RH
Analog Output sensor

Tout VCC RHout GND

fritzing
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CMS

Positives Negatives
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3.8T, 20kA, -268°K



CMS configuration 2012
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Mua 6ea tou wg ewvar n dtappuduion tou xwpou (2012)...



Ot duo {wvec tou mepapatod: “USC” kat “UXC”

CMS_RACK NUMBERING SYSTEM
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100-150 m

HAektpovika, nAektpLka, o,tL 6ev ewvan radiatiomtpleran
(11)...xoe magnetic field compatible!!!!
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Mua “Turikn ewkova” pag pepag SouAeiag
OTOV OLVLXVEUTN






