o
AT SIS

R e

oy

‘5“ @ﬂ@@@

ol aan;



mailto:ketino.kaadze@cern.ch

N

) N

L 6 3
UARY Lold

Bobomo 3o 730d03o 3onmmob n3obybmb
3900093 39300b3700

MoLbaob 3503700 Yzgmoa3ghmn?

Mo 030380M70bL o3 yzgmozgmb
900000901007

Keti Kaadze, Kansas State University



CMS g
S
2
°
S
7]
:

=
B
]
a
E
S
($)

Bobomozmo 530dN3o

e, 2
4

W »
",4 RY eiid

Bobomo 3o 730d03o 3onmmob n3obybmb
3900093 39300b3700L

Mo oMb dodhaMmnnb 3930003909mo
40mq39706homMnma baBnmydn?

o domnono nmongmod350905090 gb
9m9395bhomymn Bobnmgdn 9300y H?

Keti Kaadze, Kansas State University



R9madabhomyman bobomadn?|EMe

09-18/39-19 LoY39by

Compact Muon Solenoid

The Periodic Table

1 2
H He
3 4 5 6 7 8 9 10
Li Be B G N 0 F Ne
1 12 13 14 15 16 17 18

Na Mg Al Si P S Cl Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti V Cr Mn Fe Co Ni Cu In Ga Ge As Se Br Kr
37 38 39 40 41 42 43 44 45 48 47 48 49 50 51 52 53 54

Rb Sr Y Ir Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
55 56 57-71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
87 88 89-103 | 104 105 106 107 108 109 110 11 112 13 14 115 16 17 18
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh FI Mc Lv Ts Og

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Ac Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr
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size in atoms and in meters
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" Structure within ¥

i the Atom
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" Size <107 m _

I this piciure wore drawn 1o the scale given by the protons
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0.) m in size and the entre atom would be about 10 km across,

Keti Kaadze, Kansas State University

CMS i
S
2
]
S
7]
:

=
B
]
a
E
S
($)

90MYB3mYmMRL
O0M3nmM oodmob,
NOMYb37myma3b 3d50n
dndnbofmy 3hmEabyob

LyLAHO doamab gooddHobno




Keti Kaadze, Kansas

CMS

qb oMmab MoboE h3gb “3bgozm” h3gbL
3oM393m JogMod obomhgbydn
ON30mMadgmno H39060 bodyommb
3o0bodM3MNbM30L

10




0H0IIMIO0 |

9.109 x 103! kg ——
SI b°b®08°a° e = —1.602x1071C
s, = +h/2 = £(1/2) x1.055 x107%* J -5
BoBomo 0o 30d03o0: h=1.055x10"""J.s=1
me = 0.51 MeV /c?
e = —1 proton charge
s, = +1/2

030090003 h390 yhanngmomos 33043b bnboomnb bohdomno dmdmog bobnmoigdmob
(c=300000000 9/63), bgmboymamos godmaznygbmo bobhgdo bogoE c=1.

y39modg dmozomo ghmgnmo omob 9bgMmagnnb ghogymao (eV, MeV, GeV, TeV, o 0.0.) o
y39mo bbzo BNdNgYMo bonyg godmobomgdo o3 ghomngymdo:

The system of units with 2 =1 and ¢ = 1 is called the Natural system:

| unit of length

| unit of time

1 unit of energy

1 unit of momentum

Keti Kaadze, Kansas State University L unit of mass

| GeV™! ~ 0.1978 fm

| GeV™ ! ~ 0.6588 - 10~ %4 s
1 GeV

1 GeV sometimes GeV /c

1 GeV sometimes GeV /c” 11
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T K|bble
at rest: E=mc2

with momentum p: E2=(mc2)2 + (pc)? The nggS Field

massless: E2=(pc)?2
Existing everywhere, the Higgs field gives particles their mass.

[ Higgs field )

Quarks interact strongly with-the ﬁeld
gaining relatively large mass.
(Quarks make up protons and neutrons.)

/

/ % Va / / : Photons have no mass, because

Electrons only lnteraé $lightly | they don't interact'with the field.
and so are extrernely light. , // (Photonsare particles of light.)
(Electrons form the outer'sheélls of atoms.)/ /
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THE HIGGS 1S THE
PARTICLE REGPONGELE

FOR GIVING MASS TO
OTHER PARTICLES.

Compact Muon Solenoid

303L0b Bobnmozn 3obLYbobIgadgmMno H3906L 07 ymaabod).

dogmod nb oMmoo 3obybNbLABggdgmn H3906L Tobody. H39bn oL
3ob630MmdxOnMNY oMo dobom, 067 domomoo dnMn3nmn
dobom, oby 3MmbHmMbydnL o BynbhMMBydNL odo303dnMgdgmo demngmn
M0 g390500L 9bggnnom: E=mc?

(\0‘:\/ ) G’@@ 3Mm@Hmbyonb oo byodHimbyonb dobo
*a }‘ 393000 d3g3odndy bodn 330M30L

751\ dobob 9Mo smMmydnmL

(7/:) \ /\ J»-"I @ @

Mass of proton >> 3*mass of quark

Keti Kaadze, Kansas State University 15
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* 399mnb30m BobnmMo3qg00b YMongongdggdo o
d90LBo3MM BoMAMg3bnn Bobnmo 3gdnb
030b90500.

* 300mam BomImgabnmon Bobnmo3gonb 9bgMmgno,
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Keti Kaadze, Kansas State University



Compact Muon Solenoid

3oM3399mn bbob 606

Metres
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Wdﬁ One, two,
three, THROW! ——
4\(\/ 3mb3mbyM bbn3zyddy
| @05306)3060[) Bogmo:
\ LONbHyMabm BmM3mMy6900

bogdo 03300000
¢ Moo 300NN

3h9dbdmMMx030 oxzndbomMyd

03006 godmnb3no vdohjomydmadab
30b630000M900

Before the particle accelerator

d9go30bg BobomMo 3900 O VB330MN MO AMbrdo!
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tMo3nbo 33nhy dm3gonb
3oMmNha300 dgbodmadgmn?

J .ﬁ)o oMb yzgmodg 330y dDm3o Mob EboblzoE dgndmado
dofmzmbimadn?

= LobocMnb bbngn oMmab H3900 LNbN,
0dnm3d dnzmmbzm3dn 39M dgnbBozmn
n93tm 330MaL 3000M9 Lobocmnb
hommab bogmdyo,
067 ~500 656M-0 06 5 x 10-5 b

® 016950030 oMbyOYMN YMM 330My BaBnMo3qdNL
dgLobB3mMO bodnMmmo Lbzo LNbxn (Lobocmy oM godmgndo).
07 3300083700 hommyMm-bobBomo3mMOMN30 EYOMNd3N
= Hommnb bogMmdg y3r3Mm3mmiEnymne Bobnmoznb n331mbL
= 9bgMmgnob godMmnom dgbodmgdgmoans yo3mm 3oy Mmdngdhadnb gomhgzo

® - SV AVAVAVAVAVAVY
BobBomogn A=hP




0dohdoMmyomaonb 9bgignnb 3603365mmMmodo S

* domomon 969Mgno LudYomyoob ggodmyal |l | {

— 0930LBo3MM™ dodgmnnb y3gnmmabo Bobomydo ' ‘
(E~1/size) Nas

06y “dmogmo dogmmbgman”

de Broglie

— omdm3ohnbmo ygim dobnymo
bobnmozgdn
(E=mc?)

Einstein

— d930LBo3MMO vMgymMAN bodyommb
(13tm domomo Hd3qmodnmob) 3MmEgbgdn
(E=KT)

Boltzmann

9L yzgmoxgn begdo 3MbHMmmmnmado gomydmdn

Keti Kaadze, Kansas State University 20
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| MUON CHAMBERS | | INNER TRACKER | | CRYSTAL ECAL. |
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N gsobgbobob 3odmyma3nemn 9b5Magno Bomdmjadbnb BB3S
6oBbnMo3qdL E = mc?

¢ Bobomozmo ghadhmmo v30gdLOMgdL BoMmdmMmJdbom
bobnmo3q0L

¢ BomMAmMgabomn Bobomozqdob dgbBozmo (Modwabons, Mo
oML doon 30LY03d0) Lodyomgdob 33odmasb gozngmm
o dmbeoo dg10bgonbob
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bb3oobbgo Bobomoznb yhonghonddgwado
CMS oymajdmioob

| | 1 | | | | |
im 2m Im 4m Sm 6m 7m
Key:
Muon
semsmsnnne Electron

= Charged Hadron (e.g. Pion)
= = = « Neutral Hadron {e.g. Neutron)

°°°°° Photon »

( Gl v,:—‘é T
i

l

Hadron Superconducting
Calorimeter Solenoid

leon return yoke Interspersed
with Muon ¢chambers







33000 (cross section):

OMOS0NMOY MMA mMn Bobomozn gg30bg00 ghnNTobymb
o dmbgdo goMmizgnmo yMmmngmMmmgdgds. 3hmEgbob
339010 003M3000501mNo dg50b900b 9bggnody.

gfogyamo: [o] = 1 0ofmbo = 10-24 LO2

1barn = 10-24 cm?
1nb =10-33 cm2; 1pb = 10-36 cm?; 19h39690L MOBbo ddnMmEos Bobnmozgdn gobmoggdymon
1fb = 10-39 cm?2

o (nb)

10°

10° £
10 E
10° b
10"
10* |
10° L
10°

10"k

10°

10" k
10° L
10° |
10"
10°

10°

Ub

E o (E*>Vsi20) _

o,
w /‘/«
%

E-“..:(Etm > 100 GeV)

ol
“z

3 a

L waH
__ M =125 Gev{ L
[ O e

T

I E—— S e
Dot 3

Tevatron LHC

10_“.‘..

PR |
0.1 1

vs (TeV)

oD e
0.00 _g o0y

(m)
-
L]

bomov (luminosity)

3oM339nm bozmMEg3n. Bomamn bomyds 6ndbozb 37 dMdSMOSL
M3 6603900 VYELYONLD.
qgmognmo [L] =1/(s*[a]) = 1/(00Mb0*63) ( barn-1s-1; pb-1s-1; fb-1s-1)

nbhoamomygdymo bomydo

1h39690L Bmzmyboomo _'_’ * +
Momgbmos goMizgymo
39Momenb gob3dozmmoodn R A IR

MmgmmMoo o30300MgdYmN 33900 O Bomdo:
dm3mabomo Momegbmodo 65330 = bomgdo (pb-163-1) x 33900 (pb)
3038:. 2016-2018 66 599L3gMn390HNL MM, 3039M0 bomgds oym L =
0.0206 pb-163-" o 125 GeV Higgs dmdmbab BoMm3dmgadbnb 335m0 oMnb

o = 50 pb. 30006, 65030 BoMAMJAbNE AM3MYBOY MOMEHOMAY
8o0mom3m90d

N =L x ¢ = 0.0206 pb-163-! x 50 pb = 1.05 Higgs dmdm60/63
30



Higgs 60M3m7Jdbnb 33900
o Higgs oodmo

Higgs dmdmbab BomM3mdabo Higgs dmdmBab sdmo
bb3oebbzs 397debnd3nm bbgosbbgs BaBnms3dn

T T ‘ T ‘ ‘ ‘ T ‘ T T T
1i WW

—_

(@)
.;;
|

III . T IIIIII
{s= 13 TeV

= 3 5 s

i . g o

E- E| - B :

- s r :

= E_f‘ |910_1* T 7Z |

- - A S

3 E & [

- = n i

3 E 3107 E

: : =

E : E i

:E B My = 125.Cx

L I S MR - { N S N - -\\\‘\\\‘é\\i\\\‘\\\\\\

10 20 30 100 200 1000 2000 105500 120 140 160 180 200
M, [GeV] M, [GeV]

® Higgs dmdmbnb BoMmOmgadbo dgndmgodo bbzoobbgzo gdno.
b 00mydo BoMIMI3b60Ob domnob doma. nbo Eodmo
oLY39 dgndmado Ambgb bb3zoobbzo bobomosdon.

® 390 3DM30300 BOMIMFIBNL O ML gMhmoMdMOMOSL
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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CMS Experiment at the LHC, CERN R\
Data recorded: 2012-May-27 23:35:47.274930 GMT
Run/Event: 195099 / 137440354 \
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Events / 3 GeV
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12}

CMS Preliminary Vs=7TeV,L=5.05f";{s=8TeV,L=5.26fb"
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100 120 140 160 180
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For viewing Higgs mass with time, follow this link: 35
https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4| animated_slower.gif



/,\ Congratulations to Professors
Francois Englert & Peter Higgs

IR

Higgs Press Material from CMS

LOBYNbN NgMmMNNL 6 v3dHMMNBZob, 30M35m ML dngbnds bmdgmab 3Mgdno nd
0gmMoob 3mbdHymnmgdobomznb Moz bLbbaL gMydqbhomyma Bobnmozgdalb dobob
Bom3mgobolb 395obndDAL.

“For the theoretical discovery of a mechanism that contributes to our understanding of the
origin of mass of subatomic particles, and which recently was confirmed through the
discovery of the predicted fundamental particle, by the ATLAS and CMS experiments at
CERN'’s Large Hadron Collider”
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tMohmad 33093L
39M3nmbyonb bodn
00omov bodyommdn?

tMoBhmM3oo 3gMo3nho30o
obgomon bybhn?

o oy3oMmmo dbhn-
dohgmooL?

to omnb 0bgmon dohgino?
o o.0.

Leptons

Keti Kaadze, Kansas State University 37



* -rotational velocity

Sy fkm/s)

w°" 5000 . 100000
distanca from centor (liaht years)

Fritz Zwicky

Higgs dm®mbab omdmhgbno A3qb
83939M330900 bodyommb dbmmmeo 5%-3o.
oboMmhgbo 95% oMmab dbymn dodgmno
o 0bymon 9bgMgno.

. Gravitational lensing
Keti Kaadze, Kansas State University
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oMLYOMOL d93M0 MYMMNS 0bYoMOL o3 ;MgmMngonb
6036900b dngdo 97L3gMnB90¢An

~° ' Overview of CMS EXO results
cMs 36 fb~! (13 TeV)

& 6"“"‘ SU“‘)

SUPEQSTQIN& Uni€ication

M-theory hetevotic
G *olonon’ E’RE'
Type-IA Type-1

ssm 24) o [1803.06292 (21) as
. [1806.00843 (2)) 27

. [1802.01122 (o) 4
(180311133 (14 E9) 52
1, [1806.00843 (2)) 33

1, [1807.11421 (x4 Ep) @

,, [1803.11136 (20 +2)) a4

., |1811.00806 (2v +2]) 35

. [1805.00843 (2)) 61

Heavy Gauge Bozons

Matter

° g scalar LQ (pair prod.), coupling to 2 gen. fermions, . [1808.05082 (21 + 24 1 + 2] + EF) 129
M §  scolor L0 (pair prod.), coupling to 3% gen.femions, =1 1 [1811.00806 (2x+2]) 102
excited light quark (qd), 1, [1806.00843 (2)) 6
‘ nn' " B8 cieab au . [1711.08852 ty ) s
, H ey o R ey -
B§ oo composteness ). o [1812:10443 (21) 20
EE  quark compositeness (d). nuus 1. [1803.08030 (2) 175
© quark compositeness (1), M e [IB1200443 (20 31
[1712.02345 (= 1j + EF*™) 99
H [1806.00843 (2)) 18
£ 1803.06292 (20) 425
H 1603 005 2 59
(axial-Jvector mediator (X)), gq = 0.25,gon=1,m; =1 GeV ..., (171202345 (=1 # EF™) 18
0.1 10 10.0

mass scale [Tev] 201
Selection of abserved upper limits at 95% C.L. (theory uncertainties are not included) January 2019

CMS (preliminary) May 2019

Overview of SUSY results: squark pair production
36/137 fb~" (13 TeV)

pp — tt
T 9] 0f: SUS-19-005:SUS-19-006.arXiv:1802.02110,1707.03316,1710. 11188
16 SUS-19-00
20 opposite-sign: arXiv:1711.00752
2 opposite-sign: arXiv:107.07799
0f: arXiviL705.04650:1707.03316 e=0s
1 SUS-19-009 2=05
2 opposite-sign: arXivTILONT - 05

=3

20 opposite-sign: arXivi1S07.07799  + =05

T (£39/bX; — bW?) |0 GEXiEI705.04650:1707.03316 Mgz =5 GeV, BF=50%
1£: SUS-19-009
T — bfF' | 0E AEXiwIT07.03316 AM <50 GeV (max. exclusion)
1€ soft: arXiv:1805.05784 AM <50/ GeV (max. exclusion)
T = by — bfF'{)| 0 arXiviiT07.03316 AM < 80 GeV (max. exclusion), # = 0.5
1€ soft: arXiv:1805.05784 AM <80 GeV (max. exclusion), z = 0.
20 oppositesign: AEXIVASOLOISI6 AN < 50 GeV (max. exclusion), 7= 05

t— ci? 0f: arXiv:1705.04650;1707.07274,1802.02110. 170703316 AM < 80 GeV (max. exclusion)
T = bif = bl — bul | 2EEXNATIN0752 z=05
2 — Hiy — Ht1) |20 samesign,= 86 SUST0:008 AM;, = My, My, =200 GeV

T2 — Z/Ht, — Z/Ht1?| 20 same-sign,= 36 SUST0008 AM;, = My, BF = 50%, M;, = 200 GeV.
T2 — Zty — Zt1)| 20 samessign, = 8/ SUS10:008 AM;, = My, M, =200 GeV
p — bb
b b{‘;‘ 0f: arXiv:1707.07274:SUS-19-006,SUS-19-005,arXiv:1802.02110
b — by — bH Y | A5 aXivIT09100384 Abgy = 130 GeV
b — t{F — tW* {0 [ 580 20 same-sign: SUS-I9008 Mgy = 50 GV
b — b — (bl — be(RY)/(bZ?) [ 2L opposite-sign: arXiv:I709.08508 max. exclusion, Myg = 100 GeV, z; = 0.5, BF = 50%
pp — 4a
@+ aif| 0f: SUS-19-005;SUS-19-006,arXiv:1802.02110 (5 d,23)
0f: SUS-19-005;SUS-19-006,arXiv:1802.02110 one light squark (%, d, 7, or 5)
o 250 500 750 1000 1250 1500 1750

mass scale [GeV]

unless stated otherwise

tion of abscrved limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light
The quantities AM and x reptesent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise
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13 TeV

splice consolidation
7Tev 8 TeV button collimators

R2E project

3Mmagmodo

HL-LHC CIVIL ENGINEERING:

©9IHhaJO™MY00, Moboi H3gb
30490900 oBymdomno
10-15 Banob 600.
doon gobobmgods omab
136039369mmMm3509LO.

dgho bomgdo (luminosity)
— 390 0g50bgoo
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