lMnoteTnyecKkue 4yactuubl,
aHOMaJ/IbHble B3aMMOAEUCTBUA,
ucnosb3yemblie meToabl

9.3.booc
HUNAD MTI'Y



No lose theorem!

U3 TpeboBaHna yHutapHoctu ana VV->VV (V: W,2Z)

JIn60o nerkunin Xurrc My < 710 GeV

JInbo «HoBaa dpusmMKa» Ha macwutabe

~1 TeV
V5 < 1.2 TeV



1000 - | | | | | | |
100 |

10

0.01
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100 130 160 200 300 500 700
MH {GGV]

NMonHaa WupuHa mana gnsa nerkoro 6030Ha
Xurrca v BesiMKa ANA TAXKeNnoro

Ana maccol M,,~ 1 TeV mupuna I'y ~ 0.5 TeV

1000



Ho poctaTouyHo nerkuim 6030H XuUrrca oTKpboilr...



TTpoctenwmin mexaHusm Xurrca 8 CM He ctabuneH nNo OTHOWEHUIO K
neTsieBLIM KBAHTOBLIM nonpaskam (npobnema HatypanbHocTu CM)

TTeTnesbie nonpasku B maccy 603o0Ha Xurrca
) AdomuHupyer

t /
\\ /I
h = -— -»- ) h———r—:‘:--r—— h h --— -
2 )

s @my, +my +my —AmI )N ~ —(o 2 AY

Sm’;
H = 4 \/—
dmy < 125 GeV (95% CL limit on SM Higgs) A ~ 0.6-0.7 TeV
B CM Het cummeTpum, Kotopas 6b1 npepoxpaHana maccy 603oHa

Xurrca ot 60nbWwMX KBAAPATUYHLIX NOMNpPABOK

Heobxoaumo uto-t0 B pononHeHue k CM => CyuiectsoBaHUe AOCTATOYHO
ferkoro naptHepa TOM-KBApKa - OAHO U3 MOTUBUPOBAHHLIX NMpPeACKA3aHWUIA



TTeTnestze nonpasku B maccy 6030Ha Xurrca

h AdomuHupyer

t /
\
\ II
h = —— -} h———T—-ll—-T——— h h --»— -
2 )

5mH 4\/_ > @my, +my +my —AmI )N ~ —(02A)

3my < 125 GeV (95% CL limit on SM Higgs) A ~ 0.6-0.7 TeV

Ho CM — nepeHopmMmupyemas teopusa. PaccmoTpeHue B pa3amepHOU perynapusauum
M2, (A) = M2,(V) — C y# M¢Z Ln(A%/Vv?) +...

BoJiblasi monpaBKa, ecJd ecTh YacTuia ¢ Maccoii M2~ A? u
B3auMojeiictBue ¢ 6030HoM Xurrca CM Y 10CTaTOYHO CHIBHO

) 3m? M2 . X2 }{2
Am2 t SUSY t ) Ny
NMonpaska 8 MCCM Ami, = 53 lln( 2 )+ e (1 oI )]

SUSY SUSY



daKTbl, KOTOpble He HaxoaAT 06bvAcHeHuA B CtaHaapTHOM Moaenu

1. MexaHusm Xurrca Hagensaet 6030Hbl U peMUOoHbI Maccamum.
Ho no Kakoii npuunHe maccbl pepMUOHOB CTO/b Pa3/INUHDI ?
(M,,, =173 GeV, M, = 0.5 MeV, AM, = 103 eV)

top

2. TemHaa matepusa Bo BceneHHOMU

3. (g-2)u (about 3.5 o)

4. Ocyununnayum HeMTpuHO

5. AcummeTpua YacTulbl-aHTUYaACTULbI BO BceneHHoM,
npupopaa CP-HapyLwieHus

6. lpaBUTaLLOHHbIE B3aMMOAEICTBUA CyLLECTBEHHO cnabee aneKTpocnabbix.
B uem npuumnHa? Yto npegcrasnaer coboit TemHasa s3Heprua u noyemy Tak

Mana rpasUTalMoOHHaA NOCTOAHHAA ?

HeT oTBeTOB Ha MHOroYUCNAEHHble BONpocbl “noyemy?”



OcTaetca MHOXeCTBO BOMpPOCOB

UYro takoe nokoneHuwe? TTouyemy nokoneHui Tonbko 3?

Kakosa npupona keapk-nentoHou aHanorum? Kak cootHocatca Apyr Apyry NenTOHLI U KBApKU?
dnieMeHTapHLI NN KBAPKU U NeNTOHLI?

CylecTsyoT Sin HOBbIE KBAPKU U JIENTOHLI?

Uto onpenenser kanubposouHbre cummeTpum? TToueMy KBAHTYHOTCA 3apaAbl YacTUL?
CylecTBytOT NI HOBLIE KANUOpOBOYHLIE B3AUMOAEUCTBUA?

UYto popmupyet noteHuman nona Xurrca?

TTouemy anexTpocnabuii macwrab cTonb man NO cpaBHeHUO ¢ maccou TTnaHka?
TTouemy rpasutauma cronb cnaba? Kak ee sknrouuTth B 06lyro cxemy?

TTouemy cTonb mana KOCMONOruYyeckas NOCTOAHHAA?

Hackonbko TouHa CPT-cummetpus?

CyuiecTsytOT NI HOBbIE CUMMETPUU B npupoae?

CylecTByOT 1M AOMNOSHUTESIbHBIE U3MepeHUs MPOCTPAHCTBA-BpeMeHU?

UYro Takoe TemHas 3Heprua u TemHaa MGTepVIﬂ?

du3uka 3a pamkamMu CM 10/12kHA ObITh, HO HOBBIM MACIITA0 HEU3BECTEH



Mouck 3a pamkamu CTaHAapHOU Mmoaenu

XapaKTepHas s3Heprua CTo/IKHOBEHUIA > nopora poXXaeHus

- HoBble yacTuubl
HoBble pe3oHaHcbl (leptoquarks, leptogluons,
BO36y)XAeHHble nenToHbl U KBapku, KK states, W',Z’, it;, p; )
napTHepbl TONa
(stop, sbottom, vector like T or B decaying to top...)

XapaKTepHas saHeprusa CToJIKHOBEeHUI < Nopora poXKaeHus

- AHOMa/IbHble B3auMoaencTBus
B Ka/AMBGPOBOYHOM U XUITCOBCKOM CEKTOpaAX,
BO B3aUMOAENCTBUAX KBAPKOB 3-ero NoKoieHusA
(Wtb, Ztt, Zbb anomalous couplings,
FCNC...)

:> N3meHeHUA ceueHuit poxkaeHua, popm pacnpeaeneHui,
BEPOATHOCTE U WWMPUH pacnafos; ycuaeHue peaKkux pacnagos



BoluMciieHHe MOJHOI0 HAdopa auarpamMm
CompHEP

OxHOBpPEMEHHBIH YUeT CUTHAJIbHBIX JUATPAMM U JHATPAMM
HENMPUBOAUMOI0 (JOHA B PA3JIMYHBIX KHHEMATHYECKHX 00/1aCTAX

KaquOpoBouHasi HHBAPUAHTHOCThH
Ydyer uHTepPepeHUN U INUPUH HECTAOUIBHBIX YaCTHUIL
Y4yer CIMHOBBIX KOpPPeIsiuuii

OHTI/IMI/I3aHI/IH CTPATCIMd BbBIACJICHUA BRJIa/la CUT'HAJIA

E. Boos and M. Dubinin, Physics Letters B 308 (1993) 147-152

Complete tree level calculation of the e+e - Zbb process at LEP200.
Higgs signal and background

«...we point out the relevance of the

Giampiero PASSARINO pioneering work of E. Boos and M. Dubinin...»

““Standard Higgs boson searches at LEP-2,' Nucl. Phys. B488, 3 (1997)



KannbpoBouyHO-MHBapuaHTHble noaHabopbl Anarpamm

E.Boos, T.Ohl Phys.Rev.Lett. 83 (1999) p.3
Minimal Gauge Invariant Classes of Tree Diagrams in Gauge Theories

TouKa Ha rpade cooTBeTcTBYET Anarpamme deimaHa. J/IMHUA COOTBECTBYET BO3MOXKHOMY nepexoay oT OgHoM
Anarpammbl K apyrou nytem 6030HHOI unm peMnoHHO NnepecTaHOBKU

External fields (E) Diagrams Classes
uitui 144 18 X 8
uiununy 1008 18 X 24 + 36 X 16
uiutidd 92 4% 11+ 6 X 8
uitutiddy 716 4 X95 +6 X244+ 12X 16
"0 uudd 35 111 +3 %8
€ wuddy 262 1 X 94 +3X24+6 %16
(*vdudd 20 2X10
teduddy 152 2% 76
(¢ (tvdu 20 2 % 10
0 vduy 150 2 X175
(vl vdd 19 1 X9+2x4+1x%x2
(vl wddy 107 1 X39+2xX12+2%X8+2x4
el vl 56 4X94+4xXx4+2%2
[ T 328 4X58+4X12+4xX8+4x4
(t (" TrT 36 4X6+06X%X2
ol Tery 132 4X26+2X6+4x4
YUrr Iy 36 18 X 2
Ownarpammbl, cBA3aHHble 6030HHbIMU NepecTaHOBKaMK depMMOHHan NnepecTaHOBKa NepesoauT
HaxXoAATCA B O4HOM KaiInbpoBOUYHO-MHBapUaHTHOM nogHabope U3 ogHoro nogHabopa B gpyrou

L KX
NSy H K



OauHOYHOeE POXK/IeHNe TON-KBApKa B €67, vy, Y€ - coydapeHusX

e'e" —>tbeV,

Gauge invariant s-channel subset of 10 diagrams

. T ot Ena . T € €y, Z b e w+ e
o t{jj/z o eﬁﬁs o bE:f e, 5o, T
Hi e WD Wi e VLD R AP
W g 2e 2 B
o < < < e
diagr.1,2 diagr.3,4 diagr.5,6 diagr.7,8 diagr.9
e z Do
WHt b
<
diagr.10

E.B., M. Sachwitz, H.J. Schreiber, S. Shichanin, A. Pukhov ,V. llyin,

Gauge invariant t-channel subset of 10 diagrams

€ Ve e
€ E————"

———v—/Z . Z . wZ Tt 3 7
Lie i s 4 1
! ,e Ve t[::, bEb ’, V. b “,_}_1‘ b
WY _-p b e wti t e t
t ERU e ERL e ° e e
diagr.1,2 diagr.3,4 diagr.5,6 diagr.7,8 diagr.9
t—*—v—/t:
7

T. Ishikawa, T. Kaneko, S. Kawabata, Y. Kurihara, Y. Shimizu, H. Tanaka,
“Single top quark production at LEP-200?,” Phys. Lett. B 326, 190 (1994);

E.B, Y. Kurihara, Y. Shimizu, M. Sachwitz, H. J. Schreiber and S. Shichanin.,
“Top quark production in the reaction e+e— — v, etb at linear collider energies,”

Z. Phys. C 70, 255 (1996);

ve > thv,

Single Top Diagrams in ye Collisions

£ oaWT
T Ve REECERLE 1 REECELES wt A ¢ B
/‘zﬁ/ t[: bl: 7---r*<

¢ ﬂH<b et Nasl N :

Wit Wt e diagr.1
1 € e 03 . Ve et

b W

b i

diagr.1 diagr.2 diagr3 diagrd - :
dlagr.s

E.B., Pukhov, Sachwitz, Schreiber,
“Probing anomalous W t b coupling via single top production at TeV energy gamma e colliders,
” Phys. Lett. B 404, 119 (1997);

E.B., Dubinin, Pukhov, Sachwitz , Schreiber,
“Single top production in e+ e-, - e-, gamma ¢ and gamma gamma collisions,” Eur. Phys. J. C 21, 81 (2001)

vy —>tb W

There are no invariant subsets of diagram in Y7y

t Afmmmmmmm t Hfmmmmnms b Ammmme b T, 5
- t[ _ t y--- b{ b
4 W b --W bl o W t --W
y--= s wt 3 P SEb < whi t
b B ¥ L b t e - Yoo
diagr.2 diagr.3 diagr.4 diagr.5 diagr.6 diagr.7
***** W MW T w+ b ~, W
T [ — _ 'r---T+< N
[t E:b wt I’L-'+ b };[r-l- + t Tt B
b _ t Y- --< T ~ \—-—-<
————— b Mo t i W 1
diagr.9 diagr.10 diagr.11 diagr.12 diagr.13



Cross sections of single top in e*e™, yy, ye - collisions

e et —> r,etb ye = nth
s 20 T T T o 250 T T T T
S unpolarized N
unpelarized
—————— LR 200 [ -L g
15 g
‘‘‘‘‘ RL e L
”””” RR 150 - B
I P =
10 / - -
.'r 7 g
/ . 100 |- /// i
! T o
5 L { — Ve —
50 |- /’// |
o L e L | 0 I L 1 I
0 200 400 500 BOO 1000 ] 200 400 600 800 1000
Vs (CeV) Vs (Gev)
I~ e Ve Ym=====- t f==mmm-- b
t b
e Wtk b b t
< Wt Wt
t e——1 1/ oL/
diagr.1 diagr.2 diagr.3
e

Yy —=> e, tb

CompHEP

unpolarized

1/cdcl/dcos(0), fb

8(‘)0 1000
s (GeV)

L
600

“gold plated” mode

diagr4

Spin correlations in ye—tbv,

-

e
©

0.87

o
[

real photon spectrum

P =0.83

no spectrum

o
~

o
=)

e e e e
= N W

. TR
0.5 1
cos(8,,)

(=)

o
[3,]
IIIIIIIIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIIIIIIIII

E.Boos, “"Top quarks at photon colliders,'
Nucl. Instrum. Meth.A 472, 22 (2001)



[Tonckun nognoporosbiX 3dPeKToB

- Effective field theory approach (EFT)

W. Buchmuller, D. Wyler, Effective Lagrangian analysis of new interactins
and flavour conservation, Nucl.Phys. B268, 621 (1986)

L= £5M+Z L O; + -

¢, - dimensionless coefficients
O, — operators constructed from SM fields preserving
SM gauge invariance

- Searches below particle thresholds predicted in models



bo3oH Xurrca nog noporom Ha LEP2

E.Boos, M.Dubinin and L.Dudko,

“"Higgs boson production under the resonance threshold at LEP-2,"
Int. J.Mod.Phys. A11, 5015 (1996)

b Ve <h -<V<

b e b Ve

—/ < Ve b Ve b

W b e~ HiNB et '< et et ‘< et '<

I—_{_< _E Ve b Ve b

W+ b et” Zi

N Ve €7>Z Ve €7>_Z b e’>-z b
>Aﬂ >Aﬁ ﬁ Ve et u;ﬁye et bﬁb et bﬂb

et —+
Z:<Ue Z< Zi<b Zi<b Zi<l/e Z§<Ue
Ve b b Ve Ve

e~ =

Vs =205 GeV \
my,GeV 115 120 \ 125 )
Otot {fb] \/
fixed I’ 98.6 92.0 89.9 CompHEP
Ttot {fb]
overall I' 98.2 91.6 89.6
channel Ve Uy 7 Ve Uy A U, vy, [
Otot {fb]
fixed I' | 39.1 298|298 357|282 282|342 279|279
Otot {fb]
overall I' | 38.8 | 29.7 | 29.7 | 354 | 28.1 | 28.1 | 33.9 | 27.8 | 27.8

BbluncneHmne xapakTepucTuK u uccnegoBaHue MHOIMX Npoueccos ¢ Yyucaom ¢pepmuoHOB
B KOHeYHOM coctoaHuu =>4 pana LEP2, Tevatron, ILC, LHC



UpeHTndunkauma 6o3oHa Xurrca

E.Boos, V.Bunichev, M.Dubinin and Y.Kurihara,

e scalar-gauge bo.s*on eector “"Higgs boson signal at complete tree level in
Op = 5(DTd — )G;i,,GW”’ OaF = 5(D1P — )Gf;,,Gﬂ‘“’ ;L';S';/'esxz)eggloongé girgg;zn-sm operators,
Osp = %((IDJ@ ““g )B#L,,B‘”’ Os5 v(@’f(b 3 )BH,,B H ’

Osw = %(qﬁ@ )W ;VU Qg = (CI)TCD — )W ;LJH i

09:4@¢—7ﬁmwﬂﬁ

e scalar-fermion sector

)2 3 » ~ 1/ ~ N
Op = (PO — %)(QL‘I’%R) ’ \‘~>....ﬂ....v_z_<ﬁ ' e _“’;t<+
Opp = (DT —5)(QLPbR) o \ Y \ "
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AHomanbHble B3anmogencrasua Wtb

Operators contributing to tWb interactions

0Lt = % [IPT(TIDH —ﬁﬂ")ﬂ (q3y*'qs),  Opy =i(0' Do) iy br).

Oy = (qrac™ ' t'bg)p W, 0%y = (@3 t'g) W},

Kane, Ladinski, Yaun

K9, W
v 8 oL R N AN s R
&= by (fVPL+ fVPR) tW, b (fTPL+ fTPR)t+h.c.

2

3.343)% 2 % 12 x v
where fiy = V,gb+C€(bqr +3) A7 JrRv = %Cﬁ . Jir = \/ECE,%, Az Jrr = ‘/ZCL%%V#

CM: f,- =Vitb, f,R =0, f,LR=0

Natural size |1-f V|, fV ~ V%/A? Natural size f T, foT ~ v2/A?



AHomanbHble B3anmogencrasua Wtb

proton

antiproton

DO limits (5.4 fb)

E. Boos, L. Dudko, T. Ohl

Complete calculations of Wbb and

Whb + jet productionat Tevatron and LHC:
Probing anomalous Wtb couplings

in single-top production

Eur. Phys. J. C 11, 473 (1999)

Theory predictions

0.6 0.03 -
E b TEVATRON E
o 0s "l s combines fimit g 0025  wobj LHe
0.4 - B2 B e T o P
0.3 E d 0.015 [ W ~ combined limit A
-2 E 4 E 7 ~
0.2 [ : 0.01 &
o1 £ . 0.005 — o
. F < 0 i_
oF Z __________ ) 0.005 [ |
-0-1 E o wbbj c.l. with 10% une. -0.01 | Wbb
-0.2 - - - - - - - _0.015 P S B R B L.
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Generator SingleTop (CompHEP)

Coupling

Scenario Cross section
(Lv, L) < 0.60 pb
(Lv, Rv) < 2.81 pb
(Lv.,Rr) < 1.21 pb

Vb - fr|? < 0.06
Vi - fry |* < 0.93
|Vip - fRT|2 < 0.13

New CMS limits

5.0 fo* (7 Tev) + 19.7 b (8 TeV) 5.0 fb (7 TeV) + 19.7 fb™ (8 TeV)

0.4 =

- = — - —
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01 . 0.1
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New method of modeling with subsidiary gauge fields corresponding to each anomalous coupling

E.B, Bunichev, Dudko, Perfilov

‘Modeling of anomalous Wtb interactions

in single top quark events using subsidiary fields”
Int. J. Mod. Phys. A 32}, 1750008 (2016)



E.B, Bunichev, Dudko, Perfilov

‘Modeling of anomalous Wtb interactions

in single top quark events using subsidiary fields”
Int. J. Mod. Phys. A 32}, 1750008 (2016)

MeTtoa MoeIMPOBaHUS COOBITHMA C IOMOIIbLIO BBEACHMSA
BCIIOMOTaTeJIbHBIX BEKTOPHBIX MOJIeH

Bepumnna B3aumoaeiictBusi GepMHOHA ¢ KAJTMOPOBOYHBIM 10JI€M
. _ TSM N Py NP
[, =T5M PP Ve

Ecau npocTo moacTaBasATh HOBYIO BEPIIMHY B MATPUYHBIN 3JIeMEHT, TO OYeHb CJI0KHO
BbIIEJIUThH JIMHEHHbIE 10 OTKJI0HeHHI0 0T CM BKJIabI

Jis Ka:xK10M HOBOM AaHOMAJIbHOM BEPIIMHBI BBOAMTCH HOBOE MOJIe ¢ TAKMMH Ke apaMeTpaMu

KAK U KaJuOPOBOYHOE IM0JI€ M TOJBKO ¢ OAHOM, OTIn4HO# o1 CM BepuinHoii Ff:" P T:: P2

IMo3BosIsIeT YYUTHIBATD JIMHEHbIE M/ WM KBaJAPaTHYHbIE BKJIAAbI 10 AaHOMAJILHOMY B3aHMO/IEiiCTBHIO

IMosryyaTh MUHUMAJILHBII HA0OP HE3ABUCUMBIX 00Pa310B COOBITHI ¢ eIMHNYHBIMM AHOMAJbLHBIMH IApaMeTPaMu
Kunemaruyeckue pacnpenejieHusi B 0011eM cjayuyae MoJayyarTcsl MMyTeM CJI0KeHHs pacnpeeaeHui
MHHHMAJIbLHOTO HA00pa c onpeaeeHHbIMU KO3(ppuunenrammn



MHoromepHble meToabl aHaNU3a

Boosted Decision Trees Nueral Network

single discriminant

Bbibop nepemeHHbIX ANA pasgeneHus curHana u poHa («TpeHUpPoBKa» CeTH)

METOA ONTUMaJIbHbIX NepeMeHHbIX
« OcHOBaH Ha aHanuse auarpamm FeumaHa, AGHOWMX BKNAA B CUrHAN (POH

Tpu Knacca nepemeHHbIX

-“Singular” Variables (svameHnartenu guarpamm deitmaHa)
1 T o 1} Pcosb?,
o dcos 0, - 2 :

- “Angular” Variables (uncautenn guarpamm ®eiimana)

- “Threshold” Variables (kuHemaTtnueckme noporm)
s-hat u Ht — npumepbl TaKMX NnepemMmeHHbIX

Boos , Dudko, “Optimized neural networks to search for Higgs boson production at the Tevatron,” Nucl. Instrum. Meth. A 502, 486 (2003)

Boos, Bunichev, Dudko, Markina, Perfilov,
“Optimization of the analysis of single top-quark production at the Large Hadron Collider (LHC),”
Phys. Atom. Nucl. 73, 971 (2010) [Yad. Fiz. 73, 1007 (2010)]



CnuHoBbIE Koppenaumm 8 OAoMHOYHOM pPOXKAEHUU TON-KBAPKA
V-A CTpyKTypa B3auMMOAENCTBUSA

b

dU ~ |M|* ~ (t+ms) -lb-v

B CUCTeme NOKOoA ToN-KBapKa:

rae, yron — 310 yros mexay Tpex-seKtopom CrnHa

1 df 1
T dcosO, — 2(1_|_COS‘9£)

s=1(0,5) m

MMNYyNbCOM 3apPAXKEHHOIO Z1IeNTOHAa

OauHOYHOE POKIACHUEC KAK pacCiaa

Ha3aJa BO BpEMECHH

t

b

%__dz_._.

dcos 0

— r
- — [t(t->py b)gsb:2 5 |
0.8 — — | {t->W b)q+b: 2 -4 |
— | t+q+b:2 >3 |

0.61—

0.4 =

0.2

Boos, Sherstney,

“Spin effects in processes of single top quark production at hadron colliders,”
Phys. Lett. B 534, 97 (2002)

HuXHAA KOMNoHeHTa cnaboro usopybnera — d-KBapK
B POXKAEHUU UrpaeT posib IENTOHA B pacnaae

t-channel production

Hauayuias cnuHOBasi KOppeasiliuOHHAsA
NepeMeHHast — YroJl Mexkay JIEITOHOM B paciaje

U UMILYJIbCOM POXKACHHOM JIETKON CTPYH B CUCTEMeE
MOKOSI TOI-KBapKa

v 14+ P cos 9;
d cos 9; T 2

1
o

Pop 90 %



Pacnaz[ IOJIAPHU30BAHHOI'0 TOII KBAPKa B €10 CHUCTEME OTCUECTA.
Most general case with complex anomalous parameters. Boos, Bunichev 2018
Z

Integrating over b and v 4-momenta we have:

4 /
dar t—bve* _ g b /

dE,: -dcost - d¢ 2567 Ty - my g T~ |/ 3
s —

9
+ |fLV|2 ' (Emax - Et’+) : Eg* - (1 + COS 9) /

+1firl* + (Eer = Epin) - Eor - (1 + c0s ) x &
mwy m2
* Ce+ - SINEH COS @ + (ZEW +E.—FE,;, - Emax] - COS 9]

€+

€+

+ |fRT|2 ) (Emax - Ee*) : {Emin + Emax - Ee* +

2

my . My,
“ Ce+ - SINHCOS P + °E + E — Enin — Epax | - cos @

et

+ |fRV|2 ) (EE+ - Emin) ’ (Emin + Emax - Ee* +

+ (RefLV . RefRT + ImeV . ImfRT) . (Emax — E(J'f) . (—2(.'(,+ - sin 6 cos ¢ — My - (1 + COS 9))
+ (RefLT : RefRV + ImeT : fmva) : (E€+ — Emin) . (—2(,‘t,+ - sin € cos ¢ — My * (1 + COS 9))

+ (RefLV . ImfRT - ImeV : RefRT) : (Emax — E(J'f) . (—2(.'(,+ -sin @ Sin¢!)
+ (Refrr - Imfry — Imfir - Refry) - (E, = Epin) - (—2¢,+ - sinfsing) |

where:
Cer = \/(Emax - E(’*) ' (E(’* - Emin)a Epax = mr/z’ Emin = m%y/(zmr)

8 different kinematical expressions as functions of E, 0, ¢



Comparison of distributions for different sets of anomalous couplings, predicted by the derived
analytic formula with distributions performed by Monte-Carlo simulation of the complete process
involving the t-channel top quark production and its decay .

Distributions predicted by the analytic formula

1 1 _ 1 . _ 1 . _
b d(r T JOE, deosh), [f,,Vy) = 003 i d(rT V(dE doos), f_ =0.16 s d(rT )/(JE doose), f_=0.057 (T (JE doose), f, =0.048
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Monte-Carlo simulation of the complete t-quark production and decay process
(it contains all t-channal subprocesses and also contains anomalous couplings both in production and in decay )

1 4o Vo= 1 y _ 1 g _ 1 y -
5o, d(o-o,, V(dE, dcose), [f -Vl =0.03 5o, d(o GSM)/(dEedCOSG), fﬁvf 0.16 5o d(c-o, )/(dE dcose), f =0.057 5o d{c-o, J/(dE dcose), f_=0.048
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dopma IByMepHBIX pacnpenaejeHuil CylecTBeHHO Pa3JinyHa JJsl Pa3THYHbIX KOHCTAHT




Fitting in the 2D coordinate space (E,, cos®)

The accuracy of measuring the two anomalous
parameters by fitting in the 2D coordinate
space (E,, cos@), sqrt(s) = 14TeV:

L fp ARef,, ARef,, ARef
ARef,, ARef ARef
10 0.0025 0.002 0.003
0.02 0.01 0.003
300 0.0005 0.0004 0.001
0.003 0.0015 0.001
3000 0.0001 0.0001 0.0003

0.0005 0.0004 0.0003

The accuracy of measuring the three
anomalous parameters by fitting in
the 2D coordinate space (E,, cos8),
sqrt(s) = 14TeV:

ARef, ARef
L, fb Almf Almf,,,

Lv?

Alm fm Alm fLT

0.002 0.002
10 0.025 0.04
0.025 0.05
0.0004 0.0004
300 0.005 0.01
0.005 0.01

0.0002 0.0002
3000 0.001 0.002
0.001 0.002



Mouck npoasneHnin mogenen ¢ A4ONOJHUTE/IbHbIMU NU3MEPEHUAMMU
HUKe nopora 1-ov unu 2-oit KK-mopapli

! - (v (yp))?
Le =\ Jgu x A x Jagy, i = = 21[ d
ff sM ¥ Ax Jgpr, 29 n;} M?2

E.Boos, V.Bunichev, 1.\Volobuev, M.Smolaykov
“Testing extra dimensions below the production
threshold of Kaluza-Klein excitations,"

Phys. Rev. D79, 104013 (2009)

Models with gravity in the bulk £
5 ‘-IE‘IO"? g‘i’s’%,e

L .,

Jsve — Ly = 25555 — Yuwlsm s

C !
Leff J\[4 — T Apu pUT e

3z L pp — W

~ 2 N
Au.r/,po = Nuplve + Nwellvp — (; —0 Nuvpo g

New contact 4 SM particle interactions,
4 fermions, 4 bosons, 2 fermions 2 bosons

Dilepton invariant mass at LHC for RS1 model
M. ..=3.8and 10 TeV
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Simplified models
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A.Beliaev, E. Boos, A. Pukhov
Physics Letters B 296 (1992) 452

“Study of excited neutrino production in e +e-, ye and y y collisions
at TeV energies”

E. Boos, A. Vologdin, D. Toback, and J.Gaspard
PHYSICAL REVIEW D 66, 013011 (2002)

“Prospects of searching for excited leptons during run II of the
Fermilab Tevatron”
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Mouckn HoBoro pesoHaHca W' B moae top + b

W’ — b
¢ 1%
. fifj R 5 L 5 7z
w ‘ < _ ‘
AN \[gwfﬂy(aﬁﬁ(l#—'y )+aﬁﬁ(1 Y ))W f]—l—h.C.
b Ipexeant Ha maccy W'-603oma (DO, 2.3 fb1): M,,. > 830 (860) GeV L(R)
L~ = 6c
245 @ D@ 2.3 fb! ;‘E‘ - (b) DO 2.3 b _
2 4 —e— Observed limit 8 S5 8- Observed limit V. M. Abazov et al. [DO Collaboration],
T35 --®- Expected limit T & ~ @ Expected limit Phys. Rev. Lett. 100, 211803 (2008)
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©25 3
2
15
1
0.5
00 650 700 750 800 850 900 950 1000 00650 700 750 800 850 ey
M(W’) [GeV]

S. Chatrchyan et al. [CMS Collaboration],

IIpeneast Ha maccy W'-6030Ha (R) B 3kcnepumente CMS Phys. Lett. B 718, 1229 (2013);
JHEP 1602, 122 (2016)
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Mouckn Hosoro pesoHaHca W' B moae top + b

Orpunarenbnass mHteppepenumns aass W' (L)

Boos, Bunichev, Dudko, Perfilov
“Interference between W' and W

in single-top quark production processes,”
Phys. Lett. B 655, 245 (2007)
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Boos, Bunichev, Perfilov, Smolyakov, Volobuev
“The specificity of searches for W', Z' and y’

coming from extra dimensions,”
JHEP 1406, 160 (2014)
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LQs are predicted by composite models, GUT ...

g JLQ g _-1Q
v 4 //
7/ 7~
Production channels g Sy S~
9 \\m g ~TiE)
g 000000000 — — — -LQ ¢ LQ
/7
: P
4
) LQ
| N
N
9 000000000 — =~ — -LQ ¢ *LQ

D .
ecays . Final states for leptoquarks of three generations
o A s LQ1 — eu, ed, v,u, vd
LQ LQ2 — puc, ps, VG, V,S

( LQ3 — tt, b, v.t, v.b



J.Blumlein, E.Boos, and A.Kryukov,

L=LL+ LY, *Leptoquark pair production in
hadronic interactions,”
where o | . Z. Phys. C76, 137 (1997)
ch= 3 |(Dhe) (Dken) - et

scalars

1 T i 1 7 L - 1T ra 7 w )\G 7 a L PV
Ly = > {—EG“'VGQ +M§<I>J<I)§ — ig. (1—f/,;(;)c1>}jtijq>;gg +WG;“%G§} G

vectors

ko= MAg =0 Yang-Mills type of couplings

ko =1, g =0 minimal vector of couplings

Scalar Vector
Collider Mode NS Luminosity || Q | Leptoquarks || Leptoguarks
B Scalar Leptoquarks = o LHC 100# | 10# | 1004 [ 104
~ | ST - -
5107 it P TEVATRON pp 1.8 TeV 100pb~T 140 | 200 170 | 225
© o g TEV33 pp 2.0 TeV Lfbt 210 | 290 290 | 370
0 t”f ot LHC o 11 TeV 107 900 | 1200 || 1200 | 1500
HERA ep 314 GeV 100pb~1 1 1/3 - 50 50 G0
0 107k 5/3 45 GO 60 5
500pb~ 1 1/3 ] 45 GO 60 75
! 5/3 55 5 70 85
, LEP @ LHC ep 1.26 TeV LT /3] 125 180 180 240
" 5/3 | 165 | 225 || 200 | 270
. LINAC ¥ y* 500 GeV 10071 1/3 90 120 120 155
10" " etem WWA 5/3| 135 | 185 170 | 210
LINAC P 500 Gev 070 L] 1/3 | 160 | 180 | 175 | 190
0 Mom 500 G M= O etem Compton 5/3] 200 | 205 || 200 | 205
. . v he=—.052 LINAC ¥y* 1 TeV 10fb71 1/3 ] 140 195 285 345
o Jrlm 4;«: mlm erm .'r:m} tzlm) M;un 0.5 fli [ll5 ; I,IE ; 2I5 ; 3.5 ete~ WWA 5 / 3 220 325 435 470
M,/ GeV K. LINAC P 1 Tev T0f0 L] 1/3 | 300 | 340 | 390 | 405
ete Compton 5/3 ] 400 405 410 | 410

Current LHC limits for scalar LQ at 13 TeV are about
1100 GeV for 1,2st generations and 640 GeV for 3d generation



MoucKn HoBbix 6030HOB XUrrca U HOBbIX CKanapos

. HO HT
In MSSM there are 2 Higgs doublets H, = ( 1) and Hy, — ( 2 )
(8 degrees of freedom) H; H;

After EWSB 3 degrees of freedom go to longitudinal components of
W #, Z, leaving 5 physical Higgs states:

h,H, A, H*

At tree level there are only two parameters: tanB and |\/|A
M2 = 3 [M3 + M2 ¥ /(M3 + MZ)? — 4ME M3 cos? 2]

My < min(Ma,Mgz)-|cos 26| < Mg Mp+ > Mw, My > Ma

LEP2 bounds: M, ,, 2 92.8 GeV, M, 293.4 GeV, M,* 2 78.6 GeV

Why MSSM is not ruled out yet? Fortunately, top quark is very heavy!



Mounckn HoBbiXx 6030HOB XUrrca n HOBbIX CKaNApPoB

E. Boos, A.Djouadi, M. Muhlleitner and A.Vologdin E.Boos, A.Djouadi and A.~Nikitenko,

“Minimal supersymmetric standard model Higgs “Detection of the neutral MSSM Higgs

bosons in the intense-coupling regime” bosons in the intense coupling regime at the LHC,"
Phys. Rev. D 66, 055004 (2002) Phys. Lett. B 578, 384 (2004)

[lepameTpuzanus BeAylLIMX NONPABOK B XUITCOBCKOM cektope MCCM

M%Mic0522ﬁ+ E(Misinzﬁ+ M%coszﬁ)
(M + M5+ €)?

, L
M%,H=§(Mj+M§+e) 1+ \/1—4

3Gpm, [ Xf}

€= — . 2 2 2 —_— . . —_—
2atsin?pl 2 t=log Ms) M A ~m, 1s the running MS top
o . m]" T M 1203
3G, |m*Mi 2ay m rer)
— A+t
\5772 2 T sin’f
In the decoupling limit
500 T T T T . . . e e
Mo [GeV] My > My My~ Mpg: ~ My Light Higgs h is very similar to H,
X, =v6Mg
T tan § = 3 —— . i . . .
tand =30 - In the Intense-coupling regime /), ~ My
200 |- 4
" At tanp — oo Me = MP™ = MP = /M2 + ¢
An interesting problem how to resolve close states
50 ] ] 1 ]
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My [GeV]
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E.Boos, V.Bunichev, A.Djouadi , H.J.Schreiber,

“"Prospects of mass measurements for neutral MSSM
Higgs bosons in the intense-coupling regime at a linear collider,”
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Large tanf3 regimes are practically closed by present LHC data
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E.Boos, V.Bunichev, M.Perfilov, M.Smolyakov, and 1.Volobuey, E.Boos, V.Bunichev, and |.Volobuey,
“"Higgs-radion mixing in stabilized brane world models," “"Heavy scalar boson in view of the unconfirmed
Phys.Rev.D 92, no. 9, 095010 (2015) 750 GeV LHC diphoton excess,"
J.Exp.Theor.Phys. 124, no. 5, 722 (2017).
Global it (LHC, {68 TV, =125, A=3 TeV, o=, _) ) Global fit h-resonance (LHC,Vs=8 TeV, m =125, A=3 TeV, c=¢, ) It 22 i LG58 ToV, =126, ATV, 50 ) Global fit (LHC, Ys=8 TeV, m=125,A=3 TeV, c=c__)
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HpI/I MaJibIX YIiIaX CMCIIUBAHUA HECJIb3H UCKIIIOYUTD Jerkum pPaaiuoH /A, Tev-!

IIpu macce paguona 750 GeV ceuenue ero poxaenusi B 50-100 pa3
MeHbIIIe HeOOX0IUMOr0 J1JIsi HHTEPNpPeTAMH «BCILIECKA»



3apAXKEHHDbI CKanap & Voobuey

Simple Standard Model Extension by Heavy
Charged Scalar, arXiv:1801.09080
Accepted for publication in Phys.Rev.D

The simplest model Lagrangian contains the Kinetic term and the mass and self-coupling terms of
the charged scalar boson field:

Lg=D*S*D"S —V{( SJ D, =0, — -égly—QSBu B, = A, cosby — Z,sinfy
i, LY~ - Y
The potential V (S) may have, in general, the following gauge invariant form

V(S) = p3| S+ As(|S*)? + Aes ||

S|?

Three parameters M2 = p + 1/2)\p502 Aps As

The only possible dimension 4 gauge invariant Lagrangian violates lepton flavor and lepton number

Lg jeptons = (f12(ﬁ-LV§ — éLVf;,) + fis(Tovl —epvr) + fzg(fLifﬁ, — ﬁ-LV,f)) ST +h.c.

Constraints from rare decays, neutrino mixing, and mass differences ). Herrero-Garcia, T. Ohlsson,
- S. Riad and J. Wir’en “ JHEP 2017
S | fial, | f1al, | fos| < 1076
10 [ pp>S'S+X (qq—S'S) (a) 7 Wb PP »S'S™+X (gg»S'SY) (b) 7 .
R Lk A good candidate for Heavy stable charged
10N a7 particles (HSCP ) or long-lived particles (LLP)
Beat L AN with currents mass LHC limits 300-320 GeV
N NS Expected future HL-LHC (27 TeV, 15 ab!)

K bounds are about 2.7 GeV



Ho noka He HaUAeHbl AOCTOBEPHO
HU HOBbIE YacTULbl U B3aUMOAENCTBUS,
HU OTKNIOHEHUA BO B3aMMOOEUCTBUAX,
npeackasaHHbIX CTaHAapTHOU MoAenblo
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(npaBga, oxXnpgaemoimun 8 CM) yactnuamm.



Ho noka He HaUAeHbl AOCTOBEPHO
HU HOBbIE YaCTULLbl U B3aUMOAEUCTBUA,
HU OTK/IOHEHNA BO B3aMMOZENCTBUAX,
npeackasaHHbiXx CtaHaapTHOU MoAenbto

Ho Korpa-to n Ton-KBapK ¢ 603o0HoM Xurrca 6biau runoteTMuyeckKumm
(npaBga, oxXnpgaemoimun 8 CM) yactnuamm.

Hapo npoaonatb NOUCKU NO BCEM BO3MOXKHbIM HanpaBieHUAM I
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Minimal Flavour Violation hypothesis
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