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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 IIUK B
pacIpeeieHun
MHBApPHAHTHOM MacChl (my y).

«(poH»

M, = (E, + E2)2 — (P, + 52)2

Nombre de collisiovws
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Kak npon3ssogntcsa 6030H Xurrca?
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KaHanbl pacnaga 603oHa 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*e" ™y ...

What about this one?




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

And this one!?




N3BneyeHmne curHana n3 poHa

> 0T RS R RN R g
& 0.09F ATLAS Preliminary :
0 - Simulation
o 0.08 &
35 0.07}
© F
0.06}-
0.05F (1s=8TeV
F m=(123.90+ 0.03) Ge
0.04} 5 = (2.26+ 0.03) GeV
0_03:[ fraction outside + 26: 19%
0.02}
0,01l Without Z mass constraint o
o

=

|
—
[

&

I \©)
]
=

mZu?.e/ZeZp [GeV]

.
e

Number of events

‘ Z + 2 quarks

L 49 1@
OO00®
o000
OO
1200
OO0
QOO0
OO®0
O000
OO0
QOO0
OO

=
=3

my,



N3BNevyeHne cmrHana n3 PpoHa
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Events in real life do not
come with a label!

No way to distinguish
signal from background
on an event-by-event
base...
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N3mepeHne PpoHa

Events /2.5 GeV
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N3BneyeHne cmrHana n3 PpoHa
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3HAYUTENbHO /N NpeBbIWEeHNe?
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30 is an evidence

50 is a discovery

MAaTb cTaHAAPTHLIX
OTKITOHEHUM
- 50 -
(1-in-3.5 MUNNOHOB
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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—lvly lhigh rate
TT mainly VBF (sensitivity)
bbb mainly VH (trigger,QCD)|
7.7 —l1lqq/llvv lhigh-mass (mainly)
WW—lvqq igh-mass (mainly)
[
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B 0 o e
wb fomamiEee o :
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oF
Y 0.23% T £ F : :
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M oo | 2 F e Tt T T Phys. Rev. D 91, 012006
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ATLAS
my = 125.36 GeV

Pacnaabl 6030Ha Xurrca
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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 (+'2 h)

or opposite to it (-2 h) h = 1.0545 x 103 m2 kg /s



_Cnvh wactvy CM_

t o

fermions

@ @ ]» (quarks, leptons)

spin = +1/2,-1/2

massive bosons

spin = +1,0,-1

6 1 Q } (W, Z bosons)

massless bosons
- (photon, gluon)

0 9

spin = +1, -1

23



CnnH 1 pacnag 4acTtuupbl

U= + A=+

@E ‘2‘ + % | fermions @ﬂ o + & }fermions

@ . ¥ (quarks, leptons) @E i & :L W, Z bosons
=D+0 :

@ - i % :;’ -W, Z bosons = {lz o ?Z% + { }b quarks+gluon

@ﬂ ) * & }Tleptons

o= P + fgg }fermions

Ry

f ’\
G =+ W, Z bosons
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Pacnaabl 6030Ha Xurrca

ATLAS
my = 125.36 GeV
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Pacnaabl 6030Ha Xurrca
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®dun3mnka sHe CtaHaapTHon 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
maTtepma’?

* [loyemy cywectByeT 3
NOKONEHNA?

Kak HaUTu oTBeT Ha Haluu
BOMPOCHI?



dun3unKa sBHe CtaHaapTHoOU Moaenmn ?

C oTKpbITUEM 6030Ha XMrrca mbl Ry T SRR e
HawwAKW 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’?

* [loyemy cyuiectByeT 3
nokoneHua?

KaKk HalnTK 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

CummMmeTpus Mexay depMHUOHAMU 1 0030HAMH. -
Y kaxxnou 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?

« Ob0beguHEHHNE SJIEKTPO-
MAarHUTHOH, cj1a001 ¥ CHJIBHOU
KOHCTAaHT B3aMMOJEHCTBHA I __
OJHOU SHEPTUU

60 [ 1/
: <o without SUSY

30 -

* Hosas crabuibHas, o |
HelTpaJabHas YacTULA = WE Y,
HJleaIbHBIN KaHIUAAT JIJIsI - S

TEMHOU MaTepuu dnepris(l5B)

« IIpocreliiee 06001eHe CM:
MuHUMaJIbHAs
CynepcuMMeTpUYHaA
CrannmapHas Mogaens (MSSM)




ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: July 2015 Vs=7,8TeV
Model 61T,y Jets ET [Lanm Mass limit AF=7TeV|  5=8Tev Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 02 1.8 TeV m{g)=m(z) 1507.05525
3, G- 0 26jets  Yes 203 |§ 850 GeV m(¥))=0 GeV, m{1* gen. g)=m(2™ gen. §) 1405.7875
@ 4, §—at (compressed) mono-jet 1-3jets Yes 203 |§ 100-440 GeV m(g)-m(¥)<10 GeV 1507.05525
S 4 a-allfty/ it 2epu(oft-Z) 2jets  Yes 203 |d 780 GeV m(F})=0 GeV 1503.03290
& &5 gﬂqq)( 1 0 26jets  Yes 203 |2 1.33 TeV m(i})=0 GeV 1405.7875
R g—qq¥ —>qu*¥ | O-teu  26jets  Yes 20 |2 1.26 TeV m(f’:.:)<300 GeV, m(i*)=0.5(m(¥})+m(g)) 1507.05525
o 35 F—qq(LL/tv/ Y] 2ep 0-3 jets - 20 |z 1.32 TeV m(¥)=0GeV 1501.03555
= GMSB (7 NLSP) 1-27+0-1¢ 0-2jets Yes 20.3 g 1.6 TeV tang >20 1407.0603
o GGM (bino NLSP) 2y - Yes 20.3 z 1.29 TeV cT(NLSP)<0.1 mm 1507.05493
'g GGM (higgsino-bino NLSP) 4 1b Yes 203 |Z& 1.3 TeV m(F})<900 GeV, ¢7(NLSP)<0.1 mm, u<0 1507.05493
=  GGM (higgsino-bino NLSP) Y 2jets Yes 203 |& 1.25 TeV m{¥)<850 GeV, cr(NLSP)<0.1 mm, >0 1507.05493
GGM (higgsino NLSP) 2e,pu(Z) 2jets Yes 203 |Z& 850 GeV m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes 20.3 FY2 scale 865 GeV m(G)>1.8x 107" eV, m(z)=m(§)=1.5 TeV 1502.01518
£ 3@ g—)bb/h 0 3b Yes 201 |& 1.25 TeV mi¥})<400 GeV 1407.0600
52 i 3—’”7 0 7-10jets  Yes 203 |& 1.1 TeV m(F)) <350 GeV 1308.1841
= E 28, 31, 0-Teu 3b Yes 201 |Z 1.34 TeV m(f})<400 GeV 1407.0600
il 7 S 0-1ep 3b Yes 201 |2 1.3 TeV m(i})<300 GeV 1407.0600
25 bbb _,bxf, 0 2b Yes 201 |B 100-620 GeV m(¥})<90 GeV 1308.2631
§ *§ biby, by -k} 2eu(SS)  03b Yes 203 |bh 275-440 GeV mi¥} =2 m(E7) 1404.2500
g3 fify, i —b¥7 1-2e.p 1-2b Yes 4.7/20.3 il_v 230-460 GeV miFr) = 2m(tY), m(¥})=55 GeV 1209.2102, 1407.0583
2 iR —>be, or if] 0-2e¢,u 0-2jets/1-2b Yes 203 |#  90-191 GeV 210-700 GeV m(¥)=1 GeV 1506.08616
S i, i et 0  mono-jetic-tag Yes  20.3 i 90-240 GeV m(f,)-m(E})<85GeV 1407.0608
> § f1 (natural GMSB) 2e,u(Z) 1h Yes 203 |& 150-580 GeV m(i))>150 GeV 1403.5222
B b, hoh +Z 3ep(Z) 1b Yes 203 |& 290-600 GeV m(F})<200 GeV 1403.5222
b rlig, I=CE 2e.p 0 Yes 203 |7 90-325 GeV m{¥))=0 GeV 1403.5294
Fik, f,*ﬂrv(rv) 2ep 0 Yes 203 | 140-465 GeV m(¥)=0 GeV, m(Z, #)=0.5(m(¥T)+m(T})) 1403.5294
5 ¥ TX IE Fi—tv(r?) 2T - Yes 203 | 100-350 GeV m(T1)=0 GeV, m(7, 7)=0.5(m(E} )+m(F})) 1407.0350
=3 )(.)( —>(Lv[,_r(w; (3L Lv) Seu 0 Yes 203 )?i,)?; 700 GeV MTE)=m(F2), m(E})=0, miZ, 7)=0.5(m(¥E)+m(F)) 1402.7029
w % - wi) ze) 2-3ep 0-2jets  Yes 20.3 )?L,fs 420 GeV m(,ﬁ):m(/\'/g), m(/\"[f):o, sleptons decoupled 1403.5294, 1402.7029
)?3,\7&—>W)(|I1X h—bb/WW/tT/yy € H:Y 0-2b Yes 203 i&’j’ 250 GeV mcf.)—m(f ), m(¥})=0, sleptons decoupled 1501.07110
XZX;,)(E 3 =Rl dep 0 Yes 20.3 T 620 GeV mE)=m(¥3), m(¥})=0, m(Z, #)=0.5(m(¥2)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod. Tepu+y - Yes 203 |Ww 124-361 GeV cr<imm 1507.05493
Direct ¥.¥| prod., long- I\ved,\'q Disapp. trk 1 jet Yes 203 |Af 270 GeV m{¥; )-m(E])~160 MeV, r(¥])=0.2 ns 1310.3675
= Direct ¥1¥ prod., long-lived ¥{  dE/dx trk - Yes 18.4 | & 482 GeV mET)-mE])~160 MeV, 7(¥i)<15 ns 1506.05332
© @ Stable, stopped g R-hadron 0 1-5jets  Yes 279 |& 832 GeV m(P1)=100 GeV, 10 us<7(2)<1000 s 1310.6584
= G Stable g R-hadron trk - - 19.1 F4 1.27 TeV 1411.6795
25 GMSB, stable 7, {]—#@ frrle.p) 124 - - 19.1 11 537 GeV 10<tanf<50 14116795
S 9 GMSB, V|-G, long-lived ¥} 2y - Yes 203 |& 435 GeV 2<r(F")<3 ns, SPS8 model 1409.5542
3 /??_,(,(,U({#V’I#PV displ. eefeu/pp - - 20.3 iﬂ. 1.0 TeV 7 <er(¥))< 740 mm, m(g)=1.3 TeV 1504.05162
GGM g, ¥\ ~ZG displ. vitx + jets - - 203 | & 1.0 TeV 6 <cT(¥7)< 480 mm, m(z)=1.1 TeV 1504.05162
LFV pp—v, + X, vp—epfet/ur epL,eT,ut - - 20.3 Vr 1.7TeV  4;,,=0.11, d132/133233=0.07 1503.04430
Bilinear RPY CMSSM 2e.u(SS)  0-3b Yes 203 §.2 1.35 TeV m(g)=m(g), ctsp<1 mm 1404.2500
X|X| ,X, —>WX| X, —eely, epv, 4eu - Yes 203 if 750 GeV m(E))>0.2xm(F}), 1,220 1405.5086
> 0 oW W S, erv,  Bep+T - Yes 203 |A; 450 GeV m(?))=0.2xm(¥} ), 41320 1405.5086
Q. 22.3—4q99 0 6-7 jets - 203 | & 917 GeV BR(#)=BR(b)=BR(c)=0% 1502.05686
- 32, 3—g%1. % - qqq 0 6-7 jets - 203 |& 870 GeV m(E})=600 GeV 1502.05686
88, g—ii1, [ —bs 2e,u(S8) 0-3b Yes 20.3 z 850 GeV 1404.250
fifi, i —=bs 0 2jets+2h - 20.3 I 100-308 GeV ATLAS-CONF-2015-026
fify, i —=bl 2e.u 2b - 20.3 i 0.4-1.0 TeV BR(7 —be/u)>20% ATLAS-CONF-2015-015
Other Scalar charm, Eock) 0 2¢ Yes 203 |é& 490 GeV | m{¥1)<200 GeV 1501.01325
107 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty. 32



[lononHUTenbHble n3mepeHuna

A “Parallel” World

Hidden brane set

* CynepcuMMeTpHs HE OTBEYaeT Ha
BCE BOIIPOCHI

— Ilouemy ci1aboe B3anMO/IENCTBHE B ~ \ /
1032 pa3 cuIbHee IPaBUTAIIIOHHOTO ///’ e /
* Eciu cyIiecTByIOT >1 HOBBIX ; ?
N3MepPEeHUA pa3MePOM < MM, [ mlti-D gravton

rpaBUTAIMOHHBIE 5P PEKTHI MOTYT

OBITH B ITpeesiax sHepruil BAK
— I'paBuToHHBIE pe3oHaHCHI (G) >M”\
SM Forccs
— IIpou3BOACTBO MHMHHU YEPHBIX AbIP
(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)
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On-6030HbI vy (2015)
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Teopuun Benukoro obveamHenmna (GUT)
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— B 13Tev [_]8TeV
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: dielectrons, A+ LLIM
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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Statvs: July 2015 [Ldt=(4.7-20.3) fo! Vs=7,8TeV
Model ty  Jets ET™ [ram] Limit Reference

ADD Gy +g/q - z1j Yes 203 n=2 1502.01518

ADD non-resonant £¢ 2e,u - - 20.3 n=3HLZ 1407.2410

ADD QBH — £q 1epu 1j = 20.3 n==6 1311.2008

ADD QBH - 2j = 203 n==6 1407.1376

ADD BH high Ny 2u (SS) = = 203 n =6, Mp = 3TeV, non-rot BH 1308.4075

ADD BH high ¥, p1 >leu >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1405.4254

ADD BH high multijet - >2j - 20.3 n =6, Mp = 3 TeV, non-rot BH 1503.08988

RS1 Gy — £ 2eu - - 20.3 k/Mp =01 1405.4123

RS1 Gkkx — ¥y 2y - - 20.3 kfMp = 0.1 1504.05511

Bulk RS Gxx — ZZ — qqtt 2e 2§11 - 203 k/Mp =10 1409.6190
Bulk RS Ggx — WW — qqév 1ep 2i/1J  Yes 203 kMg =1.0 1503.04677

Bulk RS Gxx — HH — bbbb - 4b - 19.5 | Gyk mass kMg =1.0 1506.00285

Bulk RS gy — tt 1e,pu =1b,>1J2 Yes 203 BR =0.925 1505.07018
2UED/RPP 2e,u(S8) z1b21j Yes 203 1504.04605

SSM 27 — £ 2ep - - 20.3 1405.4123
2 SSMZ s7r 2T - - 19.5 1502.07177
SSM W' — ¢v 1epu - Yes  20.3 1407.7494

_§ EGM W' — WZ — &v ' 3ep = Yes 203 1406.4456
EGM W' — WZ — qqtt 2ep 2j/1J - 20.3 1409.6190

% EGM W’ — WZ — qqqq - 24 = 20.3 1506.00962
HVT W' — WH — {vbb 1ep 2b Yes  20.3 1503.08089

O lRsmw; - tb lep 2b01] Yes 203 14104108
LRSM W, — tb Oeu >1b, 14 - 20.3 1408.0886
Cl qqqq - 2] - 17.3 1504.00357
. Cl gqtt 2e.u - - 20.3 e =-1 1407.2410
Cl uutt 2e,u(S8) 21b,21] Yes 203 ICitl=1 1504.04605

= EFT D5 operator (Dirac) Oe,p =1j Yes 203 at 90% CL for m(x) < 100 GeV 1502.01518
o EFT D9 operator (Dirac) Oe,u 14,€1]  Yes 20.3 at 90% CL for m(x) < 100 GeV 1309.4017
Scalar LQ 1% gen 2e >2j - 203 =1 Preliminary
. Scalar LQ 2" gen 24 22j - 20.3 p=1 Preliminary
Scalar LQ 3" gen 1eu0  21b23] Yes 203 A=0 Preliminary
VIQTT - Ht+ X lep0 22b,23] Yes 203 T in (T,B) doublet 1505.04308

.g VLQ YY - Wb+ X Teu =21b>3] Yes 203 ¥ in (B.Y) doublet 1505.04306
g VLQ BB —» Hb+ X lep 22b,23) Yes 20.3 isospin singlet 1505.04308
o VLQBB-— Zb+ X 2/23e,u  22/21b = 20.3 B in (B,Y) doublet 1409.5500
Tei3 — Wt lep =21b25] Yes 203 1503.05425
Excited quark g* — gy 1y 1j - 20.3 only u* and d*, A = m(q") 1309.3230
Excited quark ¢* — gg - 2j = 20.3 only u* and d*, A= m(q") 1407.1376
Excited quark b* — Wt for2epu1b2jor1] Yes 4.7 left-handed coupling 1301.1583
Excited lepton £* — £y 2ep 1y = = 13.0 A=22TeV 1308.1364
Excited lepton v* —= £W,vZ et - - 203 A=16TeV 1411.2921

LSTC ay — Wy Tep 1y = Yes 20.3 1407.8150

LRSM Majorana v 2ep 2j - 203 m(Wg) = 2.4 TeV, no mixing 1506.06020

. Higgstriplet H** — ¢¢ 2e,u(SS) - - 203 DY production, BR(H* — £6)=1 1412.0237
Higgs triplet H*= — ¢r 3eu,1 - - 203 DY production, BR(H;* — fr)=1 1411.2921

§ Monotop (non-res prod) 1epu 1b Yes 20.3 nonres = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - - 7.0 DY production, |g| = 1gp. spin 1/2 Preliminary

L

1 L 11

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

10 Mass scale [TeV]
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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




