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CTaHOapTHaA
Moaenb (CM)

1968: SLAC

up quark

1968: SLAC

down quark

1956: Savannah River Plant

e

electron neutrino

1897: Cavendish Laboratory

electron

1974: Brookhaven & SLAC

charm quark

1947: Manchester Univ..

strange quark

1982: Brookhaven

muon neutrino

1937: Caltech & Harvard

1995: Fermilab

top quark

1977: Fermilab

bottom quark

2000: Fermilab

T

tau neutrino

1976: SLAC

1979: DESY

g

1923: Washington Univ.

1983: CERN

W

1983: CERN

L

2012: CERN

H

Higgs boson




Higgs Physics
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Kak HanTtm 6030H Xurrca?

T
= [Tou3BecTH B CTOJIKHOBEHMU X (Hanp. PP )

= Cpeau APYyTIUX U3BECTHBIX D
YaCTUI] MOXKET OBITH X

" UneHTHUIIMPOBATH U U3MEPUTD
CBOMCTBA YaCTHII, OCOOEHHO TEX , UTO
IIOJIydaloTCs IIPU paciazax X

= Yaine Bcero, 00301 Xurrca
IIPOSIBUTCS KaK ITUK B
pacIpeaeieHuu
MHBApPHAHTHOM MacChl (my y).

«(pOoH»

M2 =(E, +E,)* — (B, +P,)°

Nombre de collisiovws

5



Kak npon3ssogntcsa 6030H Xurrca?
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KaHanbl pacnaga 6030Ha Xurrca 8 CM
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H—ZZ—4l

Z DECAY MODES

Mode Fraction (I';/T)
rl et e ( 3.363 +£0.004 ) %
r2 u)—ﬁ— e ( 3.366 +0.007 ) %
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We are looking for e*e'u*y-...

Is this event ok?




We are looking for e*fe-p*p-...

What about this one?




We are looking for e*e-u*p-...

And this one!?




N3BneyeHmne curHana n3 poHa

> 0.1:']""“‘ 1"]""
& 0.095 ATLAS Preliminary

2 2 2

B E . _ - S 0.08: ~

M = 3 Di 5 0.07}
(4] E
0.06) 12z s2u2e/2621
0.05F (\s=8TeV
F m=(123.90+ 0.03) GeV
0.04f 5 = (2.26+ 0.03) Gev
0.03- fraction outside + 26: 19%
0.02
0,01l Without Z mass constraint o
i
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Number of events
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N3BNevyeHne cmrHana n3 PpoHa

Number of events

v=y(Zr) - (Tr)

eV

211 /

%0.05
0.04|

1/N dN/dm

@

&0.06-
3 r
- H—-ZZ*—-2u2e/2e2y
- \s=8TeV

T
S 0.08-
© 007 e my=125GeV

ATLAS Simulation -

Gaussian fit

m=124.23 = 0.01 GeV

P 0=217 =£0.01 GeV
O-O3§ Fraction outside = 20: 17%

0.02
0 01; Without Z mass constraint

80 100 120

mE;lEG.’EeEu

140
[GeV]

Events in real life do not
come with a label!

No way to distinguish

signal from background

on an event-by-event
base...

rT]4I

»
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N3mepeHne PpoHa

Events /2.5 GeV
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L H— 77" — 4l

Vs =7 TeV det =451

Vs =8 TeV f Ldt=203fb"

* Data

Signal (mH =125 GeV u=1.51)

% Systematic uncertainty

——
——

my, [GeV]

* MmoaennpoBaHue
metoaom MoHTe-Kapno
* n3mepeHue c
NOMOLLLbIO OOKOBbBIX
nonoc
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N3BneyeHmne cmrHana n3 PpoHa

| i ‘ ——
ATLAS Simulation -

0.08-
2 r

2 ‘

Z — 0.07- e m,=125GeV

7\1 — E . J— . : F —— Gaussian fit
— t § :pz £0.06"

:0_05; H—=ZZ*—2u2e/2e2u

- \s=8TeV
0.04— m=124.23 + 0.01 GaV

F 0=217 = 0.01 GeV
0.03} Fraction outside = 20, 17%

0.02- .
r .

S . 0_0{_ Without Z mass constraint '.
. . statistically estimate - /‘
Qee : ‘

1 12
background from o0 00 0

. . . . “control regions”
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2u2e/

is there an excess’
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3HAYUTENbHO /N NpeBbIWEeHNe?

Events /2.5 GeV

35

30

25

20

15
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80 90 100110120130 140 150 160 170

. ATLAS
L H— 77" — 4l

Vs =7 TeV det =451

Vs =8 TeV f Ldt=203fb"

¢

% Systematic uncertainty

Data

Signal (mH =125 GeV u=1.51)

——
——

my, [GeV]

30 is an evidence

50 is a discovery

MAaTb cTaHAAPTHbIX
OTKITOHEHUM
- 50 -
(1-in-3.5 MunNInoHoB
LLAHC
NPON3ONTN CITy4anHO)
TpebyeTtcsa ans
yTBEPXOEHUS
00 OTKPLITUM HOBOW
YacTuubl.
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YBennyeHmne 3Ha4YMMOCTU CO BPpEMEHEM
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Higgs Boson Decays (m =125GeV)

Sensitivity Mass res. S/B (incl) rate comments

ery pure; my; SpinCP
Y my,; via loop
WW—lvlv lhigh rate
TT mainly VBF (sensitivity)
bb mainly VH (trigger,QCD)|
7.7 —l1lqq/llvv lhigh-mass (mainly)
WW—lvqq igh-mass (mainly)
[
7y
o e R
wb fomamiEee o :

bb 57.7 °/o - 140 Signal strength categories __ Ef:kj::ua::gmund z
WW 21 .5 (yo g é; 120 E_ — Signal L%
gg 8.6% &{ 21:;]5_ ”

A
TT 6.3 (VO o'~ 60 ;—
cc 2.9% CDD 40
77 2.6% > E
Y 0.23% T £ F _ ]
Z.Y 0.150/0 U) % X %D B0 100 110 120 130 140 15‘],.,.,:':-[‘['5“-.1:?”
M oo | 2 F e Mt Tt T Phys. Rev. D 91, 012006

(al 110 120 130 140 150 160 20




Pacnaabl 6030Ha Xurrca

Ratio to SM

CMS Preliminary 359" (13TeV) Coupling modifiers k, for all Hxx vertices
L t
1t "z
107'F 5
102F E

------- SM Higgs boson
— [M, €] fit
ESS

[ ]+20

L1
T

“LO-inspired” scaling for i—=H—f

0:.‘| Ll Ll

10~ 1 10 e o(i»H)-B(H-f) = K—ff [og(i2H)-Bg, (H>f)]

Particle mass [GeV] L

2
i
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- S . '
P I n ®
What's a particle spin?
“An amount of rotation

that is somehow
quantized”

An electron has always
an angular momentum of 2 h
either in its direction of travel (+' h)

or opposite to it (-2 h) h = 1.0545 x 1034 m2 kg /s



_Cnvh wactvy CM_

. =

fermions

@ @ ]» (quarks, leptons)

spin = +1/2,-1/2

massive bosons

spin = +1,0,-1

é 1 Q } (W, Z bosons)

massless bosons
- (photon, gluon)

v 9

spin = +1, -1

23



CnnH 1 pacnag 4acTtuupbl

@E xy = +

O= % & % | fermions Q2D+ }fe'mi‘ms

@ . ¥ (quarks, leptons) D= J,L. 'H'Jf.» LW, Z bosons
=Q+0 ~

@E i % :;' -W, Z bosons = {lﬁ o ﬂ}f + { }b quarks+gluon

@# ) * & }Tleptons

= D « ﬂ!g }fermions

Ay

G — qt, +* 9> }‘ W, Z bosons

24



Pacnaabl 6030Ha Xurrca

ATLAS
my = 125.36 GeV

— o(stat.)
sys inc.
— G(theory )

Total uncertainty

T iconpu

H— vy

_ +0.28
n=1.1 7_0‘26

+0.23
-0.23
+0.16
-0.11
+0.12
-0.08

o(theory)

H - 2Z*

_ +0.40
b= '46—0.34

+0.35
-031
+0.19
-013
+0.18
-0.11

——
—
_‘

H - Ww*

_ +0.24
n=1.18 02

+0.16
-0.16
+0.17
-0.14
+0.13
-0.09

H-—- 1t

a +0.42
h=1 '4470.37

+0.30
-0.29
+0.29
-0.23
+0.16

AL N R

L

H — bb

3 +0.39
h=0630%

+0.31

0.30
+0.24
-023
+0.09

oo |

H - pu

_ +3.7
h= 0'7—3.7

+36

-36
+0.5
0.7
+0.4
0.4

H - 2Zy

_ +4.6
H= 2'7—4.5

+4.3

-4.2
+1.7
-13
+1.1
-03

Combined

_ +0.15
=1 '18—0.14

+0.10
-0.10
+0.11
-0.10
+0.08

0.07 |

\s=7TeV, 4547’

\s=8TeV, 20.3fb"

A A
[ A I

1 0 1 2

Signal strength (u)

3
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Pacnaabl 6030Ha Xurrca

ATLAS —olstat) . Total uncertainty

my = 125.36 GeV _Z((t‘g:‘;’g’y)) t1conpu

+0.23 ——
H - YY -0.23 :
+0.16 - £

0.28 [-0.1 E

=117" ‘ : i

H 02600 | . |H

N I
+0.35 .

H - zz* oo 5 . I
+0. : P
0.40 [-o0.13 . H .
= 1.46709| : : :
aiiaact i 5 S B I = B YY 1T
H — WW* o 1 1 :

—

017 .

0.14 : §'__|
HH

W= 1 18+0.24 -

=1. +0.13 . E
0.21 |-0.09 L o

1030 . H

H- -028 : |
+0.29 : o
H

L= 1.44042 | 0%

’0-37010.“.i....i.‘.-i-.--
T031 I :

T

H - bb o .
0.39 [-o023 :

=0.63" . : : :
H 037|007 | . MW F i

36 i B i

H - i

3.7 |-o £
,,l,:-O.?Jr 104 . H

3.7 |04 | e | PRI BT
+4.3 i E

H—-2Zy -42

+1.7

w=27"814

Combined o T XUrrc yactmua co cnuH=0,

H
0.10 Hr
H

=1.18"%"%0ce : : :
aniiiie S - IV I . (A S KaK npeackasaHo CM

\s=7TeV, 4547 b -1 0 1 2 3
\s=8TeV,20.3 b Signal strength (u)

+0.10
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®dun3mnka sHe CtaHaapTHoM Moaenu ?

1995: Fermilab W 1979 : DESY

C oTKpbITUEM DO30HAa
XUrrca mMbl HaWwu Bce
yactuubl CM, HO Ha MHOTO
BOMNPOCOB HeT OTBeTa:

* [loyemy Xurrc nerok?

* YTO Takoe TemMHasd
maTtepuma’?

* [loyemy cywectByeT 3
NOKONEHNA?

Kak HaUTu oTBeT Ha Haluu
BOMPOCHI?



dun3unKa BHe CtaHaapTHoOU Moaenmn ?

C oTKpbITUEM 6030Ha XMrrca mbl Ry T SRR e
HawwAK Bce YacTuupl CM (Kpome 10AU TYAA -

aKCMOHa), HO Ha MHOTO BOMPOCOB \” HE %ﬂlﬁﬁg T|§¥_/_AA s
HEeT OTBeTa. ’;_.\ HE BHA'O l"-o ,‘o

* [loyemy XuUrrc nerok?
* Y70 TaKoe TeMHaA matepua’?

* [louemy cyuwiectByeT 3
nokoneHua?

KaKk HanTX OTBET Ha HallW BOMPOCHI?




Mwup BHe CM rnaszamum TeopeTnKoB

woa ssaidpiom-yredeoqpeqnnnesqy//:sdny woly ‘vysn ‘obaig ues “yed eogreg



CynepcummeTtpuma (SUSY)

Standard particles SUSY particles

Higgs

. Force particles Squarks Q Sleptons o SUSY force

I Quarks Leptons
’ particles

CummeTpus Mexxay hdepMHuOHaMU 1 0030HAMH. -
Y kaxxknou yactuiibl CM co ciiHOM S
IIOSIBJISIETCS IIAPTHEP CO CIIMHOM S-1/2.

Tak Kak MbI He ellle BUJIEIN Cyllep-YaCTHUI]
ITa cCUMMeTpUs J0JI>KHA OBITh HApyIIIeHa.

MHOTr0 HOBBIX qacTug " Supersymmetric “shadow” particles

HOBBIX MapamMeTpoB (120!). ®

30



3ayem HyXHa CynepcummeTpua?

« ObObeguHEHHE SJIEKTPO-
MAarHUTHOH, cj1a001 ¥ CHJIBHOU
KOHCTAaHT B3aMMOJICHCTBYA I __
OIHOU SHEPTUU

60 [ 1/
: <o without SUSY

30 -

* Honas crabuibHasd, o |
HelTpaabHas 4acTULlA = WE Y,
HJleaIbHBIN KaHIUAAT JIJIsI - S

TEMHOU MaTepuun dnepris(l5B)

« IIpocreiiiiee 06001IeHNEe CM:
MuHuManbHasA
CynepcuMMeTpUYHaA
CrannmapHas Mogens (MSSM)




ATLAS SUSY Searches” - 95% CL Lower Limits

ATLAS Preliminary

December 2017 \V5=7,8,13TeV
Model &MmT,Y Jets ED™ [ranm™ Mass limit Vs=7,8TeV [{5=13TeV | Reference
G, G—at] 0 2-6jets  Yes  36.1 m(¥3)<200 GeV, m(1% gen. §)=m(2™ gen. §) 1712.02332
w d Ggt) (compressed) mono-jet  1-3jets  Yes  36.1 m(g)-miE))<5 Gev 1711.03301
L - qu 1 0 2-6jets  Yes  36.1 m(F})<200 GeV 1712.02332
§ 82,8 gWHR 0 2-6jets  Yes 361 m{¥})<200 GeV, m(¥*)=0.5(m{F])+m(z)) 1712.02332
H gz, g-.qq(ecyg ee, jit 2jets  Yes 147 m(E7)<300 GeV, 1611.05791
o 22, Boaqet/ )%, 3ep 4 jets - 36.1 m(E})=0GeV 1706.03731
% 25, EoqqWZX" 0 711jets  Yes  36.1 miY) <400 GeV 1708.02794
% GMSB (£ NLSP) 127+0-1¢ 0-2jets  Yes 3.2 1607.05979
£ GGM (bino NLSP) 2y - Yes  36.1 er(NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) Y 2jets Yes  36.1 m(EY)=1700 GeV, cr(NLSP)<0.1 mm, >0 ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale 865 GeV m(G)>1.8 x 10 eV, m(g)=m(z)=1.5TeV 1502.01518
ég 2%, 3—bbiY 0 3b Yes 36.1 m(E%)<600 GeV 1711.01901
T e B Gt 0-1en 3b Yes  36.1 mi))<200 Gev 1711.01901
bby, by —>b)(1 0 2b Yes  36.1 m(¥])<420 GeV 1708.09266
£ § biby, by —>zh 2e,u(S8) 1b Yes  36.1 mET)<200 GeV, m(Ft)= m(¥1)+100 GeV 1706.03731
§ S Ak, fi-bt 02ep 1-2b  Yes 4.7/13.3 mEET) = 2m(F]), m(¥})=56 GeV 1209.2102, ATLAS-CONF-2016-077
%‘g #iy, Wb or 6 02, 0-2jels/1-2h Yes 20.3/36.1 mEd)=1 GeV 1506.08616, 1709.04183, 1711.11520
£ 8 77, f—ehl 0 mono-et  Yes  36.1 m(E)-m(E)=5Gev 1711.03301
5 g fy i (natural GMSB) 2e,u(2) 1b Yes 203 m(¥)>150 GeV 1403.5222
S hhnhoh+Z 3eu(2) 1h Yes  36.1 m(E%)=0 GeV 1706.03986
b, - +h 1-2ep 4b Yes  36.1 mi))=0 GeV 1706.03986
TorlLg, E—EF] 2ep 0 Yes  36.1 mE)=0 ATLAS-CONF-2017-039
XX, K =869 2ep 0 Yes  36.1 mED)=0, m(Z, #)=0.5(m(¥; }+m(El)) ATLAS-CONF-2017-039
JiHT 105, ¥} —7w(rv), Ka—tr(vd) 27 - Yes  36.1 m(EY)=0, m(z, P)=0.5(m¥i J+m(El)) 1708.07875
> S TR ELVELE(Y), BFELETY) Sep 0 Yes  36.1 MFE)=m(F3), mi¥3)=0, m(Z, 7)=0.5(m(¥7)+m(})) ATLAS-CONF-2017-039
o2 )‘(fx‘)_,wx')zy 23eu  02jets  Yes 361 m{F;)=m(73), m(¥})=0, # decoupled ATLAS-GONF-2017-039
B —>lehxlf, h—bb/WW/TT/yy ey 02h  Yes 203 |¥E 270 GeV mEET )=m(E3), m(E})=0, Z decoupled 1501.07110
Xﬂsv)(z,s —frt dep 0 Yes 203 |%a, 635 GeV m(E3)=m(E3), miF1)=0, m(Z, 7)=0.5(m(¥3)+mE1)) 1405.5086
GGM (wino NLSP) weak prod., ¥} —yG 1e.u+y - Yes 203 |w 115-370 GeV er<imm 1507.05493
GGM (bino NLSP) weak prod., ¥1'—yG 27 - Yes  36.1 _ cr<tmm ATLAS-CONF-2017-080
Direct ¥1%7 prod., long-lived ¥{ Disapp. trk 1 jet Yes  36.1 _ miF;)-m(E])~180 MeV, 7(¥7)=0.2 ns 1712.02118
Direct ¥7.%] prod., long-lived X1 dE/dx trk - Yes 184 | ¥ 495 GeV mET)-m(E])~160 MeV, T(F7)<15 ns 1506.05332
g 5 Stable, stopped g R-hadron 0 1-5jets  Yes 279 850 GeV m¥})=100 GeV, 10 ps<1(2)<1000 § 1310.6584
=@ Stable g R-hadron trk - - 3.2 1606.05129
_5:‘% Metastable # R-hadron dE/dx trk - - 3.2 m(E)=100 GeV, 7>10 ns 1604.04520
S 8 Metastable § R-hadron, —qg¥| displ. vix - Yes 328 7(8)=0.17 ns, m(F}) = 100 GeV 1710.04901
~ GMSB, stable 7, £)—#(, fi}+7(e, ) 1-2p - - 19.1 e 537 GeV 10<tang<50 1411.6795
GMSB,i’?—»yG, long-lived X 2y - Yes 203 ' 440 GeV 1<7(f])<3 ns, SPS8 model 1409.5542
28, X3 —eevieuviuuy displ. eefepfup - - 203 | X 1.0 TeV 7 <cr(®)< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—¥, + X, ¥.—eu/et/ut ep,eTuT - - 3.2 211=0-11, Ai321133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(88) 03b Yes 203 m(g)=m(3), erzsp<1 mm 1404.2500
TR R W), X eev, ey, v dep - Yes  13.3 mE)>400GeV, A12,20 (k = 1,2) ATLAS-CONF-2016-075
S LA W oy, env, Bep+T - Yes  20.3 MUEY)>0.2xm(FT), A133%0 1405.5086
& 8. —agl), X5 — gaq 0 4-5large-Rjets - 36.1 m@)=1075 GeV SUSY-2016-22
23, 3000, ) = qgq lep 810jels/0-4b - 36.1 mE= 1 TeV, 411220 1704.08493
88, 301t [ —bs 1e,u 8-10jets/0-4b - 36.1 m(f)=1TeV, A3#0 1704.08493
fifi, fi—obs 0 2jets+2h - 36.7 1480-610 GeV 1710.07171
fif, h—obt 2epn 2b - 36.1 BR(F, —be/u)>20% 1710.05544
Other Scalar charm, —c¥! 0 2¢ Yes 203 |& 510 GeV | m(E%)<200 GeV 1501.01325
. : ) o
Only a selection of the available mass limits on new states or 10-! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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[lononHUTenbHble n3mepeHuna

A “Parallel” World

Hidden brane set

* CynepcuMMeTpHs HE OTBEYaeT Ha
BCE BOIIPOCHI

— Ilouemy ci1aboe B3anMO/IENCTBHE B ~ \ /
1032 pa3 cuJIbHEe rPaBUTAIMIOHHOIO ///’ - g
* Eciu cyIiecTByIOT >1 HOBBIX ; ?
M3MePEHUs pa3MepPOM< MM, [ it raviton

rpaBUTAIMOHHBIE 5P PEKTHI MOTYT

OBITH B ITpeesiax s3Hepruii BAK
— I'paBuTOHHBIE pe3oHaHCHI (G) >M”\
SM Forccs
— IIpou3BOZICTBO MHHM YE€PHBIX JABIP
(QBH) Our World 3+1

— . Our World

, HoBas macca [laaHka: Mp it
G h [(n+2)
HoBasi AAuHa [AaHKa: Lo LD—( pe )

HOBas rpaBUMTaUMOHHas

Kanasipl moucka:

Q)= ! aqg, 9y, vy, ql, 11,

KOHcTaHTa HbloToOHa: Gp = =Yyl multi-jet etc.
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On-6030Hb1 vy (2015)

Events / 40 GeV

Data - fitted background

1[]4 r~+~+Jr v+ Jp vy VY yprrrVogTyrrrr Ty TrToTw

ATLAS Preliminary j
® Data
10* =
—— Background-only fit 5
10° (s=13Tev,321b" =
10E 4 E
'E E
101? ] 1 1 1 1 | ———
15E B
105 ¢ + + E
I
oE . H M_“J—‘_L‘{
“5F | e * =
-10E- L* 3
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Di-Electron Event
High Mass Dielectron

ET,=370 GeV ET, =246 GeV
ATLAS
Run: 280319 3 3
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ATLAS Exotics Searches* - 95% CL Upper Exclusion Limits
Status: July 2017

Model

£y Jetst ET™ [raym]

ATLAS Preliminary

[£dt=(3.2-37.0)fb?

Vs=8,13TeV
Reference

*Only a selection of the available mass limits on new states or phenomena is shown.

‘+Small-radius (large-radius) jets are denoted by the letter j (J).

107!

10 Mass scale [TeV]

ADD Gkk +&/q Oep 1-4j  Yes  36.1 Mp 7.75 TeV n=2 ATLAS-CONF-2017-060
ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZNLO CERN-EP-2017-132
ADD QBH - 2] - 37.0 My, 8.9 TeV n==6 1703.09217
ADD BH high ¥’ pr zlepu > 2j - 3.2 My, 8.2 TeV n =6, Mp =3 TeV, rot BH 1606.02265
ADD BH multijet - >3] - 3.6 M 9.55TeV n=6, Mp=3TeV,rot BH 1512.02586
RS1 Gk — vy 2y - - 36.7 Ggk mass 4.1 TeV k/Mp = 0.1 CERN-EP-2017-132
Bulk RS Gk — WW — qqlv 1epu 1J Yes 36.1 Ggk mass 1.75 TeV k/Mp = 1.0 ATLAS-CONF-2017-051
2UED/ RPP Tep =2b=3j Yes 132 |KKmass 1.6 TeV Tier (1,1), B(ATY — tt) =1 ATLAS-CONF-2016-104
SSM Z' — ¢ 2epu - - 36.1 Z' mass 4.5 TeV ATLAS-CONF-2017-027
SSM Z' — 11 2T = - 36.1 Z' mass 2.4 TeV ATLAS-CONF-2017-050
Leptophobic 2 — bb - 2b - 3.2 Z’ mass 1.5 TeV 1603.08791
Leptophobic Z* — tt e,y =1b,21J2 Yes 32 |z mass 2.0TeV r/m=3% ATLAS-CONF-2016-014
SSM W’ — {v 1ep - Yes 36.1 W’ mass 5.1 TeV 1706.04786
HVT V' - WV — gqqq modelB O e, u 2J - 36.7 V' mass 3.5 TeV gv=3 CERN-EP-2017-147
HVT V' — WH/ZH model B multi-channel 36.1 V'’ mass 2.93 TeV gv=3 ATLAS-CONF-2017-055
LRSM W,;, — th Oe,u =1b1J - 20.3 1408.0886
Cl gqqq - 2j - 37.0 A 21.8TeV 1703.09217
. Cltlqq 2epu - - 36.1 A 401 TeV 71, ATLAS-CONF-2017-027
Cl uutt 2(8S)z8epz1b21] ves 203 [N |Chl = 1 1504.04605
Axial-vector mediator (Dirac DM) Oe,pu 1-4j Yes 36.1 Mined 1.5 TeV 8,=0.25, g, =1.0, m(y) < 400 GeV | ATLAS-CONF-2017-060
. Vector mediator (Dirac DM) Oep, 1y <1j Yes  36.1 Mined 1.2TeV 8¢=0.25, g,=1.0, m(y) < 480 GeV 1704.03848
V'V yy EFT (Dirac DM) Oe, p 1J, 1] Yes 3.2 M, 700 GeV m(y) < 150 GeV 1608.02372
Scalar LQ 15t gen 2e 22j - 3.2 LQ mass 1.1 TeV =1 1605.06035
. Scalar LQ 2" gen 2u 22j - 3.2 | LQmass 1.05 TeV p=1 1605.06035
Scalar LQ 3" gen Tey =1b 23] Yes 203 |IGTSHINs0GEe p=0 1508.04735
VIQTT - Ht+ X OQorlepu 22b,23j Yes 13.2 T mass 1.2TeV B(T — Ht)=1 ATLAS-CONF-2016-104
VIQTT - Zt + X leu =1b=23j Yes 36.1 T mass 1.16 TeV B(T— Zt)=1 1705.10751
VLQTT - Wb+ X le,u =1b, =1J/2] Yes 36.1 T mass 1.35 TeV B(T — Wh) =1 CERN-EP-2017-094
VLQ BB — Hb+ X ley =22b23j Yes 20.3 B(B — Hb) =1 1505.04306
VLQ BB — Zb+ X 2/>3e,u  22/21b - 20.3 B(B— Zb) =1 1409.5500
VLQ BB —» Wt+ X 1e,u =1b,=1J/2] Yes 36.1 B mass 1.25 TeV B(B— Wt) =1 CERN-EP-2017-094
VLQ QQ — WgWq 1epu >4j Yes 20.3 1509.04261
Excited quark ¢* — qg - 2] - 37.0 6.0 TeV only u” and d*, A = m(q") 1703.09127
Excited quark g* — qy 1y 1j - 36.7 5.3 TeV only u” and d*, A = m(q") CERN-EP-2017-148
Excited quark b* — bg - 1b 1] - 13.3 ATLAS-CONF-2016-060
Excited quark b* — Wt ltor2e,u 1b,20] Yes 20.3 fe=fi=fh=1 1510.02664
Excited lepton (* 3epu - - 20.3 A=3.0TeV 1411.2921
Excited lepton v* Seut - - 20.3 A=16TeV 1411.2921
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H== — £ 234eu(SS) - - 36.1 DY production ATLAS-CONF-2017-053
Higgs triplet H** — 1 3eu,T - - 20.3 DY production, B(H* — (1) =1 1411.2921
Monotop (non-res prod) 1epu 1b Yes 20.3 3non—res = 0.2 1410.5404
Multi-charged particles - - - 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
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wews®®™  highly ionizing particle
————» electron
—> muon Disappearing
~——— photon tracks _
ATLAS, 13 TeV, 36.1fb-': SUSY-2016-06
CMS, 13 TeV, 38.4fb-: CMS-PAS-EX0Q-16-044
Stopped LLPs l
NOT IN FILLED
BUNCH  [cus, 137ev 36,10
CROSSING [CMS-EXO-16-004

neutral particle

jet

charged particle

Displaced leptonic vertices

ee, mumu channels:

ATLAS, 8 TeV, 20.3fb-": Phys. Rev. D 92, 072004
CMS, 8 TeV, 20fb-": Phys. Rev. D 91 (2015) 052012

emu channel:

CMS, 13 TeV, 2.6fb-: CMS-PAS-EXQ-16-022

Displace J Emma Torro |4
vertices + MET

ATLAS, 13 TeV, 32.8fb":

Late photons

ATLAS, 8TeV, 20.3fb": Phys. Rev. D. 90, 112005 (2014)

CMS, 8 TeV, 19.1fb-': CMS-PAS-EXO-12-035

ooooooooo

E. Torrd

Highly ionising
particles

8TeV result: PRD 93, 052009 (2016)

ooooooo

20 March 2018

\ \

-

ATLAS, 13 TeV, 3.2fb1:

CMS, 13 TeV, 2.5fb":
Phys. Rev. D 94 (2016) 112004

~
N

Displaced

jets in the ID

8TeV result: PRD 92, 012010 (2015)

\

Displaced jets in
the Calorimeter

ATLAS, 13 TeV, 3.2fb":
ATLAS-CONF-2016-103
CMS, 13 TeV,
2.6fb-1:EXO-16-003

Displaced jets
in the MS

8TeV result:
PRD 92, 012010 (2015)

Displaced Lepton-jets

13 TeV result, 3.2fb-1:
ATLAS-CONF-2016-042




ATLAS Long-lived Particle Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2015 [L£dt=(184-203)fo!  V5=8TeV
Model Signature  [£dt[b™'] Lifetime limit Reference
RPV 9 — eev/euv/uuv  displaced lepton pair ~ 20.3 | x] m(g) = 1.3 TeV, m(x}) = 1.0 TeV 1504.05162
Gem 2} - 28 sepaceovcs s 203 | QG ke () = 11ToU m() = 107Y| 150405162
AMSB pp— x%x%.x}x]  disappearingtrack 203 |} lifetime . o223om m(ry) = 450 GeV 1310.3675
AMSB pp — ¥yl xTa;  large pixel dE/dx 18.4 | x¥ lifetime . 13190m m(x}) = 450 GeV 1506.05332
GMSB non-pointing or delayed ¥ 20.3 | x3 lifetime - o08s4m SPS8 with A = 200 TeV 1409.5542
Steath SUSY 2oMSwerices 195 | time I GEEOE R m(z)=s00Gev | 150405634
Hidden Valley H — m,r, 2 low-EMF trackless jets  20.3 | =, lifetime - 0a175Tm m(z,) = 25 GeV 1501.04020
g
T, HiddenValley H o mmy 2 IDIMS vertices 195 | lifetime [osteEAm|  m(x,) =25 Gev 1504.03634
i
@ FRVZH -2+ X 2 e, -, m—jets 203 | 7alifetime [ 440 mm| H = 2y4 + X, m(y4) = 400 MeV 1409.0746
T FRVZH -4y +X 2 e—, u-, n—jets 203 | alifeime [T 5960 mm.| H — 4y, + X, m(y4) = 400 MeV 1408.0746
Hidden Valley H — m,r, 2 low-EMF trackless jets  20.3 | =, lifetime . 0650m m(z,) = 25 GeV 1501.04020
Hidden Valley H — m,m,  2IDMSvertices ~ 19.5 | my lifetime - oast8am m(z,) = 25 GeV 1504.03634
FRVZ H — 434 + X 2 e, u-, n—jets 203 | lifetime . 28160mm H = 4y, + X, m(y4) = 400 MeV 1409.0746
- Hidden Valley ¢ — x,m, 2 low-EMF trackless jets 20.3 | m, lifetime  o02:78m oxBR =1 pb, m(m,) = 50 GeV 1501.04020
§ § Hidden Valley ® — m,m, 2 ID/MS vertices 195 | =, lifetime [ odsaieim oxBR = 1 pb, m(m,) = 50 GeV 1504.03634
Hidden Valley ® — x,m, 2 low-EMF trackless jets 20.3 ny lifetime _ oxBR =1 pb, m(x,) = 50 GeV 1501.04020
Hidden Valley ® — mm, 2 ID/MS vertices 195 | =, lifetime - oms3m oxBR = 1 pb, m(r,) = 50 GeV 1504.03634
HV Z'(1 TeV) > ququ 2 ID/MS vertices 20.3 | =, lifetime S orasm oxBR = 1 pb, m(r,) = 50 GeV 1504.03634
g HV Z'(2 TeV) — quqy 2 ID/MS vertices 20.3 x, lifetime oxBR = 1 pb, m(r,) = 50 GeV 1504.03634
IIIII L 1 L4 1 113 L 1 1 1 113 L 1 L1 1 1 13 L 1 Illllll L 1 i1
0.01 0.1 1 10

*Only a selection of the available lifetime limits on new states is shown.
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Discoveries in particle physics

Original purpose, Discovery with
Facility Expert Opinion Precision Instrument
P.S. CERN (1960) nt N interactions Neutral Currents -> Z,W

Two kinds of neutrinos

AGS BNL (1960) nt N interactions Time reversal non-symmetry
charm quark

FNAL Batavia (1970) Neutrino Physics bottom quark

top quark
SLAC Spear (1970) ep, QED "a“";‘:;“i';:;?nq“a"‘
ISR CERN (1980) PP Increasing pp cross section
PETRA DESY (1980) top quark Gluon
Super Kamiokande (2000) Proton Decay Neutrino oscillations
Telescopes (2000) SN Cosmology Curvature of the universe

Dark energy

Often when we embark on an experiment with a goal in mind,
we find something new.

(From an original slide by S.C.C. Ting.)
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= 1 0° 3 ATLAS Preliminary 3
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8 | — Observed H— 22— 4l -
— 10§ - Expected \s=7 TeV:[Ldt =4.8 fb'z
1
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UJWLL ILLRAL
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30 is an evidence (py, = 0.27%) my, [GeV

50 isa discovery (p, = 5.7.10°7)

P-3Ha4yeHue (aHrn. P-
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BENUYMHA,
ncnonb3yemas
Npu TeCTUpPOBaHUN
CTaTUCTUYECKNX
rmnoTes.
9TO BEPOATHOCTb
OLIMBKM
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2 T 2
erf (z) = F V[f_r- dr.
i
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https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA

_Hierarchy problem of SM

 SMis an effective theory valid up to a cut off

scale A,
f %

e Radiativt
Am3, = — |yf‘2 2A%2 + O (m21In i
H 1672 I\ my




