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Compact Muon Solenoid

he Periodic Table

1 2
H He
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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 a4 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
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Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
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T. Kibble
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

(ywre val
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3Mm@Hmbyonb oo byodHimbyonb dobo
(&‘\ 3930mM9000 0M3ohg00 bodn 330M30bL
o] dobob 9Mo smMmydnmL
°\/ Jo @ 3Mm@HmB0oL Jobo >> 3 * d30M30L Fobo

Keti Kaadze, Kansas State University 20

303L0b Bobnmozn 3obLYbobIgadgmMno H3906L 07 ymaabod).



CERN — European Center for Nuclear Research

Mont Blanc 4806m
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‘Compact Muon Solenoid

CMS cogmajbhmbon

| MUON CHAMBERS | | INNER TRACKER | | CRYSTAL ECAL. |
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Total Weight ==
Overall diameter: 14.60 m = T
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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?2

1nb = 10-33 cm2; 1pb = 10-36 cm?2;

1fb

10° g
10° L

10

10°
10’

10*

10"

10'

10°

o (nb)

107
10°

10°

10"

10°

10°

10° L

10’:-

= 10-3%9 cm?

Tevatron

s jot
[ o (B >ve20)

3 Sy /)

dz 7

F o (E;” > 100 GeV)

[ M, =125 GeV

b
3
3
-

T
S e
tot .

LHC

PRPETI BEREETI BESTT |

Bomoo (luminosity):
19h39690L MOBbo ddnMmEos Bobnmozgdn gobmoggdymon
3oM339nm bozmMEg3n. Bomamn bomyds 6ndbozb 37 dMdSMOSL

M3 6603900 VYELYONLD.
qfogymo [L] =1/(s*[o]) = 1/(000Mb0*60) ( barn-'s1; pb-1s-1; fb-1s1)

nbhoamomygdymo bomydo m—
— -

1h39690L Bmzmyboomo _—._’ *
Momgbmos goMizgymo
39M0mnb gobdogmmododn e N B -

MmgmmMoo o30300MgdYmN 33900 O Bomdo:
dm3mabomo Momegbmodo 65330 = bomgdo (pb-163-1) x 33900 (pb)

e ] 3038:. 2016-2018 66 599L3gMn390HNL MM, 3039M0 bomgds oym L =

{ N =L x o0 =0.0206 pb-163-1 x 50 pb = 1.05 Higgs dmdmb0/E3

b aaal
01 1

0.0206 pb-163-1 oo 125 GeV Higgs dmdmbol 6omMm3mgdbab 33300 oMnb
1 0 =50 pb. 30306, 65380 BoMAIMI3BNM FMzMYBOMS MOMELYBMOL
1 309M0;3myd
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Higgs coodmo

3080MNMOC:
b, 7, u
\'%
'.: 1__I T T T T T | : T T T T T | T T T | T T I__g __H _______ H
I E : WW =
c 1o
D : bbE :E b, T, 1 v
|2 1 O 1 1T 77 __:En .
W S 5 "
C = A B
m CC
% 7] t
5107 E
I C ]
B ~ Decay channel Branching ratio [%]
10° £ H — bb 57.5+1.9
7 : E H— WW 21.6+£0.9
¥ : . H - gg 8.56 + 0.86
: - H- 11 6.30 + 0.36
—4 | | | | | | | | % | | | | | | | | | | | | | .
1080 100 120 140 160 180 200 e 2.90 +0.35
My [GeV] H—ZZ 2.67 £0.11
H - yy 0.228 £ 0.011
H - Zy 0.155 + 0.014
H > pp 0.022 + 0.001
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CMS Experiment at the LHC, CERN R\
Data recorded: 2012-May-27 23:35:47.2 "";‘_:). GMT
Run/Event: 195099 / 137440354 S‘g f
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT g

Run/Event: 194108 / 564224000
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Js =13 TeV (2017)
b-jet

b-tracks

e* tracks

pp—ZH

CMS,

Corpact Muon Solerod.

P(b-jet) = 129.8 GeV x A\

pp—ZH—vvbb N

CMS Experiment at LHC, CERN

Data recorded: Sun Jun 25 08:15:44 2017 CDT
Run/Event: 297486 / 550591089

Lumi section: 335

P;(b-jet) = 196.0 GeV

\

P iss = 319.1 GeV

W,Z
W,z

HO

Q|

W, Z bremsstrahlung

pp—WH—puvbb

Compact Muon Sciencid

P.(b-jet) = 177.3 /G:V‘,
i,

P(p*)=79.2 GeV

P, (b-jet) = 85.3 GeV

P1 iss = 187.1 GeV

CMS Experiment at LHC, CERN 3 8
Data recorded: Wed Oct 18 03:06:39 2017 CDT

Run/Event: 305208 / 457843574

Lumi section: 286
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TAU DECAYS

hadrons +1v
65%

CMS Experiment at LHC, CERN
Data recorded: Fri Sep 7 05:00:18 2018 CEST
Run/Event: 322356 / 366863438

CMS Experiment at the LHC, CERN / :

\*| Lumi section: 194
Data recorded: 2018-Jun-02 02:23:55.014080 GMT < \
Run/ Event/LS: 317320 / 1288436121 / 891




CMS Preliminary 13717 (13 TeV)
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13 TeV

LS2 13- 14 Tev 12138 14 TeV

splice consolidation
button collimators
R2E project

7Tev 8TV

experiment
beam pipes

nominal Lumi

Diodes Consolidation

cryolimit LIU Installation 4
interaction inner triplet HL-LHC
regions Civil Eng. P1-P5 radiation limit installation

[ 2o | ane | aa | 2o | as | awie [ o7 | awe | o [ a0 | aer | e | aws | omee | aes [ aws | aner [ll]]

190 fb™! [ integrated

luminosity

5 to 7.5 x nominal Lumi

ATLAS - CMS
upgrade phase 1 ATLAS - CMS
2 x nom . ; - HL upgrade
w ALICE - LHCb 2 x nominal Lu
upgrade

energy

3000 fb™
4000 fb™

HL-LHC TECHNICAL EQUIPMENT:
3MmaMody mm=mm

HL-LHC CIVIL ENGINEERING:

PROTOTYPES / CONSTRUCTI( INSTALLATION & COMM. PHYSICS

EXCAVATION BUILDINGS

obo 30Mo oF.

©ahadhmMgon, Mobog H3gb
30996900 obymdomno
10-15 Bamnb 606.
doon gobobmgods omab o
18603369mmz3069L0. T
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CMs,

ob3360

OC#ERN LHC 03ohdofmgdgmon oo ombgdnmon 9gb3gmndnbhado
oMb conn BoMdogdo

e dmbMmo bihobombymon 3MmEabyonb Bomdohgdnom godma3o.

e 2012-30 nym Higgs dmdmbab om3dmhgbo, bfymn hyd3om
d030bomymodb dnbo 30LYd700L ybHoMYMn 5bBozmo.

e LHC -0b bhymo dgbodmagdmmogdab by MyomndgodoL
ogMgodo dman306m 15-20 Bymn

e Higgs 000dmhgbo omob h3960 dbMnob Lodyommb dyEbmMdNL
dbmmmeo sbObynbo o 39mno Mmd ngbydo bbao

o3dmAgbgon Mo bomymb dmxgbb d1bydodn ombydym
300m70L!
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ARIHNIWRIET |

Me 0.109 x 1073 kg =00
SI bnba)oaoan e — 1602 x 10-1° C
s, = +h/2 = £(1/2) x1.055 x 107%* J - s
BoBnmo3mo 130dn3sd0: 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 7 =1 and ¢ = 1 is called the Natural system:

| unit of length = 1 GeV ™'~ 0.1978 fm
1 unit of time = 1 GeV ™'~ 0.6588-10"%**s
1 unit of energy = 1 GeV
1 unit of momentum = 1 GeV sometimes GeV /c
: N 1 unit of mass = 1GeV  sometimes GeV/c?
Keti Kaadze, Kansas State University | unit of mass 1 Gel sometimes GeV /¢ 46




/,\ 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
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o rotational vellicilv
tkm/s] .= ;
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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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Overview of CMS EXO results

6036900b dngdo 97L3gMnB90¢An

cMs 36 fb~! (13 Tev)
ssuzun o, [1803.06292 211 s
n v 1805.00843 2)) 27
H vy 180201122 (ep) aa
H 1, 180311133 1+ Ep=) s2
H 1, [1806.00843 (2)) 33
§ 1, [1807.1421 (x-+ %) 4
z s, [1803.11116 21 +2) aa
H . [1811.00806 (2v-+ 2)) 35
- 1805 00843 2y 61
Scalar LQ (pairprod.), coupling to 1% gen. fermions, =1 v, 181101197 (2 +2)) 144
2 scalar LO (pair proc.), coupling to ¥ gen, fermions, =05 1, (18101197 (264 2] +2J-+ EP=) 127
8 scalar Lo pai prod.), coupling to 7 gen, fermions, e 180805082 2 +2) 153
£ scalar LQ (pai prod.), couplng to 2" gen. fermions, . [1808.05082 (21 + 243 i + 2] + EF) 129
& scoror L0 (par prod.), coupling to 3% . fermions, e 181100806 21+ 2J) 102
scalr LQ (singe prod), coup. o 3° gen. ferm. 5 e [1906.03472 (2w 4 ) ors
excited light quark (ad), 1, |1805:00843 2y 0
excied ight quark (ay 1 (171104852 (v +) ss
B8 ccteavaun . (171104852 (v 1) 18
85 excea lectron . (187103052 (y + 20) 39
excied muon, £ 1, 187103052 (y + 20 38
avark compositeness (). s o [1803.08030 2y 128
i o 12 10043 20 2
8 quark composieness (adh, nu ons 1803 08030 () 175
© quark compositeness (1), M Aine |[IB1210443 (20 31
ADD () L o = 3 J1003.08030 (251 2
191210443 (2y, 20 23
[1712.02345 (= 1j + EF*™) 99
. 1803.08030 (2 82
H 180201122 (ep) s6
H 1806.00843 (2} 18
£ [1803.06292 (20) a2
1809.00327 2v) a1
g 1303 ac30
120201122 (ep) 38
1805.06013 (=7i(t, v a1
SPILUED, 24 Tev 1 (180311133 1+ EP=) 29
(axiaivector mediator (t). gy =0.25,gow =1,y =1 GeV .., (171202385 (=1 HERS) 18
3 j1806.00843 (23 26
£ i [1901.01553 0,104 =3y + ) 029
p " 1901 01563 0,10+ 231 £ 03
H 171202345 (= 2+ £ 14
1610.10069 () 145
5| Tyve i seesaw. . g [1708.07962 (3 30) 084
5 sting resonance oy 1806 00883 2y 7
0.1 1.0 10.0
mass scale [TeV]
Selection of observed 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
£ £ 04 SUS-19-005,SUS-19-006 arXiv:1802.02110,1707.03316,1710. 11188
16: SUS-19-009
2( opposite-sign: arXiv:1711.00752
2( opposite-sign: arXiv:1807.07799
9| 0f: arXiv:1705.04650:1707.03316 2=05
14: SUS-19-009 2=05
20 opposite-sign: AXIVATITO0T2 = =05
2{ opposite-sign: arXiv:1307.07799 T=05
T (t39/bY — bW RY) |06 ArXREIT05.046501707.03316 AMy; =5 GeV, BE=50%
1£: SUS-19-009
T — bfF' | 0E AEXiwIT07.03316 AM <80 GeV (max. exclusion)
1€ soft: arXiv:1805.05784 AM <50/ GeV (max. exclusion)
T = by — bfF'{)| 0 arXiviiT07.03316 AM < 80 GeV (max. exclusion), z = 0.5
1€ soft: arXiv:1805.05784 AN <0 GoV (max. exclusion), = = 0.5
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 > b9| 0f: arXiv:1707.07274:5US-10-006,SUS-10-005 arXiv: 1802.02110
b — by — bH Y | A5 aXivIT09100384 Abgy = 130 GeV
b — t{7 — tW*{}| = 3(, 2 same-sign: SUS-19-008 My =50 GeV
b — b — (bl — be(RY)/(bZ?) [ 2L opposite-sign: arXiv:I709.08508 max. exclusion, Myg = 100 GeV, ; = 0.5, BF = 50%
pp — 4a
@ — | 06 SUS-19-005;US-19-006,arXiv:1802.02110 it au@d.e3)
0f: SUS-10-005:SUS-10-006 arXiv: 1802.02110 one light squark (3, d, 7, or 5)
o 250 500 750 1000 1250 1500 1750
mass scale [GeV]
tion of abserved limits at 95% C.L. (theory wncertainties are not included). Probe up to the quoted mas limit for light LSPs unless stated otherwise
The quantities AM and = represent the absolute mass diffrence between the primary spartile and the LSP, and the difference between the intermediate
sparticle and the LSP relativ to A M, respectivly, unless indicated othervise
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