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Struktura eksperimenata u HE

Heavy materials

eg. Iron or Copper +
active media

Muons (u) Ne postoji sloj-detektor koji je u
stanju da efikasno odredi i izmeri
energije/impulse svih Cestica nastalih

u nekom dogadaju

Charged tracks
e*,u%,h*
tracker

Svaki naredni sloj detektora
identifikuje i meri energiju Cestica
koje nisu detektovane i izmerene u

prethodnim slojevima
e.m. calo

hadron calo

1 detectors
High Z materials

eg. lead tungstate
Lightweight Zone in which only crystals
materials v and u remain
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Slojevita struktura detektora -

Legenda: Mion
—— Elektron
—— Naelektrisani hadron (npr. pion)
— — == Neutralni hadron (npr. neutron)
\\\\\\ ” 1]
Silikonski //////H ¥
detektor tragova
Elekotrmagnetski
kalorimetar

Hadronski
kalorimetar Superprovodni

solenoid Gvozdeno magnetsko jezgro
sa Mionskim komorama
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MC 2013 - Analiza dogadaja -

Analiza dogadaja sa eksperimenta CMS:

 Akcelerator LHC: proton—proton sudari sa energijom 8 TeV
 Edukativni program za vizuelizaciju dogadaja : CMS iSpy
« Zadatak I: Rekonstrukcija dogadaja i potraga za raspadima prenosioca slabih
nuklearnih interakcija:
e pozitivan W* bozon: W* — u* + neutrino & W* — e* + neutrino
* negativan W- bozon: W~ — u- + neutrino & W- — e + neutrino
=Eneltralan Z° bozon:  Z°% > p- pf & Z9- e et

« Zadatak 2: Snimanje masenog spektra za dogadaje sa jednim Z° bozonom ili

parom Z°Z° bozona. Uporedivanje rezultata sa vrednostima izmerenim na
eksperimentima ATLAS i CMS.

« Zadatak 3: Uporedivanje i kombinovanje rezultata sa rezultatima studenata
ostalih instituta koji uCestvuju u ovom programu (V.C.)
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Analiza dogadaja - CMS

Ekran programa iSpy

/jpsVjpsi-jan25_R000140124_T00000002.ig:Events/Run_140124/Event_1021641178

BE D EEEB Informacije

Detector Model ? d d .
- x Pogled o dogadaju

ECAL Barrel oy
spreda ili sa strane

ECAL Endcap

ECAL Preshower

HCAL Barrel

HCAL Endcap

HCAL Outer

HCAL Forward

Drift Tubes (muon)

Cathode Strip Chambers (muon)

Resistive Plate Chambers (muon)
Tracking

Tracks (reco.)(187)

Electron Tracks (GSF)(1)

Clusters (Si Pixels)(963)

Clusters (Si Strips)(7577)

Rec. Hits (Tracking)(2684)
ECAL

Barrel Rec. Hits(1720)

Endcap Rec. Hits(998)

Preshower Rec. Hits(1357)
HCAL

Barrel Rec. Hits(870)

Endcap Rec. Hits(337)

Forward Rec. Hits(415)

Outer Rec. Hits(389)
Muon

Selekcija
dogadaja

Selektivni prikaz

poddetektora 3D slika dogadaja

SO B BBl B IRl BN BN I ROl NN I BN N N N
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Raspad: J/Psi > p* Y-

(pogled spreda)

Predrag Milenovic

kalorimetrima, veé¢ samo

Detekcija miona

Ne ostavljaju energiju u

tragove u tracker-u i
mionskim komorama

(pogled sa strane)

''''''''''
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Detekcija elektrona I

Raspad: J/Psi > e* e-

(pogled spreda) (pogled sa strane)

Ostavljaju energiju u
elektromagnetskom kalorimetru i
tragove u tracker-u
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Detekcija W- bozona

Raspadi: W- = U~ + neutrino
W- — e- + neutrino

(pogled spreda) (pogled sa strane)

Zapis u detektoru sadrzi jedan
negativan mion/elektron i
nedostajuci impuls.
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e Naelektrisanje eletrona i miona merimo na osnovu “smera zakrivljenosti” traga u magnetnom polju
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Detekcija W™ bozona

Raspadi: W* = yu* + neutrino
W* — e* + neutrino

(pogled spreda) (pogled sa strane)

Zapis u detektoru sadrzi jedan
pozitivan mion/elektron i
nedostajuci impuls.

Anti-elektron

Anti-elektron

neutrino

e Naelektrisanje eletrona i miona merimo na osnovu “smera zakrivljenosti” traga u magnetnom polju
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Detekcija Z° bozona

Raspadi: Z° = p* p-
Z° > et e
Zapis u detektoru sadrzi jedan
(pogled spreda) par miona ili elektrona (pogled sa strane)
suprotnog znaka.
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Detekcija para Z°Z° bozona .

Raspadi: Z°Z° - py*puy-py*puy- & 2Z2°Z2% - e*e ete-
ZO ZO = u+ Ivl- e+ e-
Zapis u detektoru sadrzi dva

para miona ili elektrona ~
suprotnog znaka.

(pogled spreda) (pogled sa strane)

Anti-electron

Anti-electron

Anti-electron

Anti-electron i
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Detekcija para Z°Z° bozona
Raspadi: Z°Z° - py*puy-py*puy- & 2Z2°Z2% - e*e ete-
ez > Nt et e
Zapis u detektoru sadrzi dva

para miona ili elektrona ~
suprotnog znaka.
/

(pogled spreda)

(pogled sa strane)
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Unosenje rezultata - identifikacija

EditGrid Login Sign-up
Spreadsheet /qnmasterclasses /CMSWZ2013cern1403
File Edit View Format Insert Data Share Publish Collaborate Macro Help
P PRI Y Y due ) B 7 us E[EaE 0N EO% BT 5= B E
Q777 v fw -
A B c 4 N o P
i Dataset OrdNo  EvNo i
748 | masterclass_8 | 712 | 145107936
749 [ masterclass 8| 713 | 151485214 | v - — =
750 [ masterclass_8 | 714 155570482 1 1 88.70 89 <-- enter in massplot tab
751 [ masterclass_8 | 715 167906653 1 1
752 | masterclass_ 8 | 716 173233900 1 1
753 [ masterclass_8 | 717 | 176329404 1 1
754 [ masterclass_8 | 718 | 177832572 1 1
755 [ masterclass_8 | 719 | 177961104 1 1
756 | masterclass_8 | 720 182379256 1 1
757 | masterclass_8 | 721 187565444 1 1
758 [ masterclass_8 | 722 | 187863806 1 1
759 [ masterclass_8 723 198627847 1 1 99.07 99 <-- enter in massplot tab
760 [ masterclass 8 | 724 [ 207851362 1 1
761 [ masterclass_8 | 725 |208223322 1 1
762 | masterclass_8 | 726 | 209005266 1 1
763 | masterclass_8 | 727 | 214668394 1 il
764 [ masterclass_8 | 728 | 220971693 1 i
765 [ masterclass_8 | 729 | 223246523 1 1
766 | masterclass_8 730 225316422 1 1
767 [ masterclass_8 | 731 | 227080019 1 1
768 | masterclass_8 | 732 | 228545532 1 1
769 | masterclass_8 | 733 | 231706892 1 1
770 | masterclass_8 734 232815808 1 1
771 [ masterclass_8 | 735 | 250160544 1 1
772 | masterclass_8 | 736 25487594 1 1 102.10 103 <-- enter in massplot tab
773 | masterclass_8 | 737 | 255804479 1 1
774 [ masterciass_8 738 25707056 1 1 3.15 3 <-- enter in massplot tab
775 [ masterclass_8 739 27322212 1 1 9.11 9 <-- enter in massplot tab
776 | masterclass_8 740 274732991
777 | masterclass_8 741 292749961
778 | masterplace R 742 JOEREIRTR
+ 4> How:;& Data_Lodz(1) / Data_Lodz(2) / Data_Lodz(3) / Massplot_Lodz / Results_Lodz / Data_Jerusalem / Massplot_Jerusalem / Results_Jerusalem / Datz 4 |
()@ Done Read () Write &) () login to join chat room.
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UnoSenje rezultata - masa Z° i/ili Z°

Spreadsheet / gnmasterclasses / CMSWZ2013cern1403
File Edit View Format Insert Data Share Publish Collaborate Macro Help
- Fs e a8 & it 2 d* (Al slfiopt 4] B 7 u s ¥ w u u S Ee9% N ==~ &8
A gl
A B_ CDEFGHI JKLMNOPQRSTUVWXY ZAAABACADAEAFAGAHAI AJAKALAVANACAPAQARAS ATAUAVAWAXAY AZBABBBCBDBE BFBGBH Bl BJ BKBL BVBNBCBPBQBR
33
0 32
11 31
12 30
13 29
14 28
15 27
16 26
17 25|
18 24
19 Numbe. 23
20 of 22
21 Fvants 21
oer 20
23 2 GaV 19| 1
24 Interva. 18] 1
25 17 1
26, 16 1 1
27 15 1 1
28 14 1 1
29 13 1 1
an 12| 1 111
31 1 1 1.1 1
32 100 1 1 111
33 9 1 1.1 1.1 1
34 8! 1 11 111
35 7 1 1.1 1 1.1 1
36 6! 11111 1 1111
ar 5| 11111 1 11 1 111 11
38 4 111111 111 1 A NN RA | 1 1 A RE NS RN | 1
a9 a 11111 11 1 1111 11 1111111 1 1
an 211111 1 1111 1 1 1 1 1 11111 11 1111111111111 1 1
41 Ml 111 1 1 111 1 111111 1 1111 111111 11 1111111111111 1 1 1 1
g 1357 911131517 192123252729313335373941434547 4951535557 5961636567 6971737577 798183858789 9193959799 1010101010211 11.11011.11412 12.12.12,12.13 13135
:45 Invariant Mass (GeV) Invariant Mass (GeV)
:0; Place a "1" above each result vou aet ded to the odd number: if there is a *1" the. Nes/ it enthat: O 1's.
48
dﬁg Totals: 219 A 7 Q10 N 4 A 2 2 N 4 1111200020212 114255402 204322535611212 62201 000100003004 0D00N0
51
52
:::‘2 Mass Plot
55! 20
56
57.
58
59
A0
A1 15
f2.
A3 >
B4 It
5 ~
88 3
2% | U
3 W
70 3
71 z
72
73 5
74
75
76
" I Lol 1 LadanELUEE 1L T
79 A 1111 11l
AN 7 13 23 EH k- a7 55 63 71 7% 87 L 103 111 119 127 13 |
g; Mass (GeV) J
A3
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Konacni rezultati u Novom S

EditGrid

Spreadsheet / gnmasterclasses / CMSWZ2013cern1403
File Edit View Format Inset Data Share Publish Collaborate Macro  Help

zajednicki rezultati na osnovu svih
analiziranih dogadaja u Novom Sadu

s 028 2 ik #(ae it )] 7r us == 3=
Al |- fio| dataset =
A B | ¢ [ o | e | F ] G [ H [ T o T «
1|dataset lectron muon W+cand W-cand W cand Zcand "z00" ZZ cand sum events
2 masterclass_1 31 32 20 21 0 0 8 51 /
3 masterclass_2 15 12 11 10 2 2 7 32 4
4 masterclass_3 39 54 43 32 1 16 4 V.
5 masterclass_4 33 23 33 17 0 6 3
6 masterclass_5 37 21 26 17 6 8 2 I
7 | masterclass_6 39 20 20 15 1 8 14 . . .
8 masterclass_7 22 18 15 11 2 1 8 distribu cije
9 'masterclass_8 20 35 28 15 8 3 7
10 masterclass_9 42 61 30 42 5 7 5 H 171 H
= 2 g 2w a2 s ! s mase na osnovu svih analiziranih
12 masterclass_11 35 15 17 13 5 6 .
13 'masterclass_12 23 27 18 14 4 8 d Oga daJ d
14 'masterclass_13 23 23 24 10 0 8 . - B
15 masterclass_14 28 11 17 12 1 16 2 T —
16 | masterclass_15 48 31 22 25 4 22 1
17 'masterclass_16 37 a7 35 20 6 16 3
18 'masterclass_17 14 28 24 13 1 12 10
19 'masterclass_18 45 52 33 24 2 19 3
20 masterclass_19 0 0 0 0 0 0 0
21 | 570 562 453 345 63 173 113
22
23 e/mu= W+/W-=
24| 1.014234875441.31304347826087
25
26 Mass plot of Z and ZZ candidates
27 25 -
28|
29 20 H H
» 3 uporedivanje rezultata sa
31| Y g5 . . . . . .
{ ~
= : ' drugim institutima i diskusija sa
l s 107 v s s
] i ” “" naucnicima u CERN-u
—
Ul 1t tstaltetdllll] L,
0 T T T T T T T T T T T T T T T T 1
33‘ 7 15 23 3 39 47 55 63 71 79 87 95 103 111 119 127 135
39 Mass (Gev)
40
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Maseni spektar za jedan ili dva Z° bo

Masesni spektar J/IPsi i Y mezona, Z° bozona

i mnogih drugih Cestica

CMS preliminary
1 1 I 1

pw o Jy
n 4 ' Y(1,2,3S)
U v

Wk

Events/GeV
3

CMS Preliminary

Vs =7TeV, L =40 pb!

1l X wosaaaal sl

Masesni spektar za par Z°Z° bozona

. Vs=7TeV:L= 5.1fb"
] m,=126GeV Vs=8TeV:L=19.6fb"

£ &' 2z

Events / 3 GeV

4l ||

I!i e ‘M i

1 10 10?
'y mass (GeV/c?)

8(I)0I
m,, [GeV]

Kreirajte i vi histogram invarijantne mase za dogadaje sa Z° bozonimal!

Ko zna, mozda cete bas vi imati sre¢e da pronadete dogadaje
koji su potencijalno raspadi Higgs bozona na dva Z0 Z0 bozona!!!
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Maseni spektar za jedanilidva Z°b

Masesni spektar J/IPsi i Y mezona, Z° bozona

i mnogih drugih Cestica

>
% \ pw o Jy
10 v Y(1,2,3S
e
w10°®
10* 7
10°
10?
CMS Preliminary
10
\s=7TeV, L_ =40pb’
1 int
2aal " woaaasal ol
1 10 10?

'y mass (GeV/c?)

Masesni spektar za par Z°Z° bozona

Events / 3 GeV
5 o S B

0

w
o
T

CMS Preliminary
T 1

3 + Data s=7TeV:L=00f" 1
- [Im=126 GeV .
- [zy*2z ]
E = z
P | N N N 1 1 N 1 :
80 100 200 300 400 600 800
m,, [GeV]

Kreirajte i vi histogram invarijantne mase za dogadaje sa Z° bozonimal!

Ko zna, mozda cete bas vi imati sre¢e da pronadete dogadaje
koji su potencijalni raspadi Higgs bozona na dva Z°Z° bozona!!!
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Vezbe MC 2013 mogu da pocCnu!

Nadamo se da ¢éete uzivati i da ¢ete se dobro zabaviti!

Summary View Views I

I Add Collection ; 3D Lego
v EE Ecal 3-
[wemEt] eta] pni
184 03 D,Z_
03
02
09
1.0
04 4
! 10| -08
S
v [FC] HCal
whadEt| outerEt]
264
74
55
44
4.1
33
3.1

|_pt|_eta] pni
-0.1 10
03] 04
02
10
95| -02
5.4 1.7
63| 07
47l -NAa

Rho Phi
Tracks

Muons
Electrons
Verices
DT-segments
CSC-segments
Photons

MET
rpcRecHits
muonsBeamHalo =

|
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