HUcciaenoBanue OIMHOYHOIO
POKICHUA TONI KBAPKAa HA
A[IPOHHBIX KOJLJIaUAepax

~ [Iporiecchl pOXKICHHA TON KBApKa

~~ DKCIEPUMEHTAILHBIC UBMEPEHUS U METOIbI

~ [louck OTKIIOHEHUM B CTPYKType Wtb B3auMoaenuCTBHS

~ [Touck FCNC Bo B3aumoaenucTBusx tgq, tZq, tAq, tHq

~ Jlouck nonoaHuUTEIbHBIX 0030HOB (W', H+)

XV Mapkoeckue umenus, U1 PAH, 16.05.2018
Jleg /Tyoko (HUNAD MI'Y)

JToknao ocHOBaH Ha pe3ynbmax pabombl 2pynnbl:
IIpo@. 0.¢p.-m.H. 3.3. booc, A. Backakos, K.¢.-m.H. B. ByHuues, I'. BopomHukos,
K.(p.-m.H. JI. [/[yOKo, K.¢p.-m.H. H. KopHeesa, . Mszko8, K.¢p.-M.H. M. Tlepcpunos, A. Ilonos



[ 1aBHBIE 0COOCHHOCTH (PU3MKH TON-KBapKa

~ Ton-KBapkK SBJISETCS HAMOO0JIEE TSHKEIBIM TOUCUHBIM 00OBEKTOM

CM ¢ Maccoit 0JHu3K0oM K MaclTady 3J1eKTpOCcIadoro
B3aumonencTeusd (M =172.44+0.13+0.47 I'2B)

~ Tom-kBapk He 00pa3yeT COCTABHBIX AAPOHOB, CIIEAOBATEIILHO,
YMEHBIIACTCS OIIMOKAa U3MEPECHUM U COXPaHSIETCs HHPOpMAaLU O
(byHIaMEHTaJIbHbIX B3aUMOJICHCTBUAX (CIIMHOBBIC KOPPEIIALINH,...)

- L = _25 e —24 /Jl'.i = ——C@

tot

Tllllll-

~ Cy1iecTByeT NpakTU4eCKU €AUHCTBEHHbIN .
KaHaJ paclajia TOI-KBapKa, 4To e @\
CYILIECTBEHHO YIPOIAECT UCCIICIOBAHUS

t > Wh: Br(t — other) < 1073




[Iporieccrl poxxaAeHMS TOII-KBapKa

gg — tt

tt pair production (QCD) ::::l ;q: :;2*““3< 90%
ONLO (I[(ﬂ

Tevatron (/s = 1.96 T5B pp) | 7.08 £ 5%

LHC (/s =T7TsB pp) 165 £+ 6% 5 2 10%
LHC (/5 =8 5B pp) 234 + 4% e
v e

LHC (/s = 14 T5B pp) 920 £ 5%
L q —s i q t
t(t) single production (electroweak) §w+ W
b — —t _
s-channel t-channel Wt (a) q (b) b
- t-channel s-channel
Tevatron™ (/5 = 1.96 TeV pp) 1.04 £ 4% 2.26 + 5% 0.14 = 20%
LHC%72 (\/5 =7 TeV pp) 4.6 + 5% 64 + 4% 15.6 £ 8%

b t Q220000 > t
LHC™ (/s = 8 TeV pp) 5.55 4+ 4% 87.21% 11.1+ 7% b fe
LHC52 (/5 = 14 TeV pp) 12 + 6% 243 + 4% 75 + 10% . - ) -

tEH W'Z'A associated tW production
( ) tHq (tZq,tAq) ¢ A 7 T

roduction :

P production v .
~ - e w
>5‘:;1 e ~ 0.01 pb ; (

1L < 3 @95CL b : b o




CI0XHOCTH MOJICIIUPOBAHUSA t-KaHAJILHOT'O
Iporecca

q
e J
4 7o W [poBeaeHO 0O6beAMHEHNE BKNAA0B AMarpamMm C HayanbHbIM

q ath .
f,j “ b-KBapKOM M Anarpamm crieayroLero nopaaka ¢ riooHOM
g t { ! B HA4YaSIbHOM COCTOAHUM
0 I
(W )
b q ©
f-channel AN gyent/dP (D), GeV~! AN gyen/dn(b)
79k
(1/0)dc/dP1(b,), GeV~! 1.0
T e N — 7 0.8
= 0.6
10-2 § "'Lﬂ....'"i...‘mihm IIII e 0.4
5 1 ! ! 1 1|w R (.2
0 10 20 30 40 50 E
P(b,) (bin = 1.00 GeV) | _ _ _ L | | | ter)
0161 i e, P(b) (bin = 1.00 GeV) n(h) (bin = 0.30)
0.14} T
0.12} i ", 3.booc, B.byHuues, J1.[lyako, B.CaBpuH, A.LLlepcTHeB
8'[‘-}2‘ e Aa. dms. 69 (2006) 1352-1365
006k et (Phys.Atom.Nucl.69(2006)1317),
0.04f4 & o CMS Note 2000/065
0.02f

6 -4 -2 0 2 4 6 CosnaHHble reHepaTopbl COObITMI MCMOMb3YIOTCA B 4
n(by) (bin=0.30)  arcnepumeHTtax DO (Fermilab, Tevatron) n CMS (LHC)



Cl0XKHOCTH MOJeInpoBaHus accoraTuBHOro tW poxaenus (1)

o nmmma —— . b W Leading order (LO)

~

LA /—’—\ 2->2 process
h—> <-V- b t tW production

Next to leading order (NLO), O(1/log(mt/mb)), 2->3 processes, tWb

g~ _ t g~ . l; -W- t
2>..rf.< ;,_.r_(i g L gmm o —"" t tbar
g-- t -w-y 9-~ b -W t b ta 4 -W .
" - -
qE g-- -t production
b { t b

Jm=====- ! b g-==-=-- b g -W
t R— b G m e ™
{ - - bY b W™ Sl Ll h{ ::: l
b g-- -4 ; g--- gluon gluon
geemm—-- b t g------- t b

processes




CI10’)KkHOCTH MoAeMpoBaHus acconuaTuBHOTO tW poxkaenust (1)

Diagram removal scheme S. Frixione et al., arXiv:0805.3067.

tt-b
uction

i A g=---q
_-‘—I_IJ’_ h‘
b A - g---4

Diagram subtraction

Scheme

T. M. P. Tait, arXiv:hep-
ph/9909352

Kinematic separation
A.Belyaev, E. Boos,
arXiv:hep-ph/0003260

P9



CJI0’)KHOCTH MOJAEIIUPOBaHUA acconratuBHOro tW poxxaenus (111)

NuaTepdepenius Mexay tW (omHOpe30HAHCHBIN BKJIaa) U ttbar
(IByXp€30HAHCHBIN BKJIaJl) OTpUIaTelIbHA U CYIIIECTBEHHA.

HauOoinee npaBulIbHBIM CIIOCOOOM MOJICIUPOBAHUS OYJIET YUET
[TomHOTO KaJIMOPOBOYHO-WHBAPHAHTHOTO Habopa quarpamm tW+ttbar.

PP = Ve, &V, 1, b, b e tTHWD
.=T.‘, 1 = ITET] tT
EE - CompHEPWb
T T 3
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- i
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DKCIIEPUMEHTAIIbHBIC N3MEPECHUS

B CCKTOPC TOII KBApPKa
~ Macca T1on keapka (Am~0.3%) u agpyrve napameTpbl

> MOJTHbIE CEYEHUA N CEeYEHNA B OrPaHNYEHHbIX
obnacTtax ¢as3oBoro NPOCTpaHCTBa

> AP pepeHynarnbHble cevyeHud

» XapaKTepUCTUKM B3aMMOAEUCTBUA C APYrMMU
yactuyamu, koHcTtaHTbl ceAasun (gtt, Wtb, FCNC, ...)

> MOUCK HOBbIX PE30HAHCOB B POXAEHUN UIN
pacnage Ton keapka (W', H*, T, ...) :



JKCnepnMeHTalbHbIN MOUCK.
OT60p COOLITUN

doHoBbIE NpoLECCHI

KoHeuyHaa curHatypa cobbiTuA

CTpya OT Nerkoro KBapka

NeNTOH U HeaoCTaroLMnKn
MMMYNbC

BbICOKOQHEpruyHasa
CTpyA OT b-KBapKa

AOMNOJSIHUTENbHAA MArKaa
CTpyA OT b-KBapKa

Kputepuu
* POBHO OAMVH }KECTKUIM MIOOH:

pr > 20(27) I'3B/c, |n| < 2.1, rellso > 0.12
* 0 AONONHUTENBHbIX MATKUX MIOOHOB

* 2 unn 3 cTpym:

pr >30-7,In| < 4.7

*  MWHUMYM OAiHa U3 HUX b-TarrMpoBaHa

<

top pairs

Q%Wb

9

V5 =8TeV
19.7 fb~1

KosimuecTBo
OKUJIAEMBIX U
OTOOpaHHBIX
COOBITHI IJIA
CUrHazia u (oHa.
CMS (LHC)

JHEP 02 (2017) 028

WHjets
b QCD
t channel 91 9001339
s channel 1307447
tW 92204620
tt 1011003109
Wijets 3610071200
Dibosons 780+20
Drell-Yan 5 960+320
Multijets 3020078500
Total 20665015 500
Data 222242




Common analysis techniques

Cut-Based Likelihoods Decision Trees Neural Networks Matrix Elements

NV * =g

* Weak points of the methods

> Cut-based and Decision Trees methods use triangle cuts in multi-dimension space
therefore it is not very efficient. Boosting algorithm helps to improve the efficiency
of DT, but also can be applied with NN and other classifiers.

> Likelihood function is usually far from some optimal function to classify the events
and requires special study in each case.

> Matrix element approach tries to use analytic form of Matrix element of signal
process for the probability function. The main problem — it is mostly impossible to
get analytic form for the processes of interest and backgrounds. Therefore, use
events simulated by MC and other classification methods is usually more optimal.

* NN requires different steps of optimizations and tuning to avoid known problems
and prepare efficient classifier

* Mostly all of the methods require non-trivial set of observables to analyze '



Method of “optimal observables”

* Provides general recipe how to choose most sensitive variables to
separate signal and background

> It is based on the analysis of Feynman diagrams (FD) contributing to signal and
background processes

> Distinguish three classes of sensitive variables for the signal and each of
kinematically different backgrounds: Singular variables (denominators of FD),
Angular variables (numerators of FD) and Threshold variables (Energy
thresholds of the processes)

> Set of variables can be extended with other type of information, like detector
relative variables (jet width, b-tagging discriminant)

Described in different examples for the top and Higgs searches
> E.Boos, L.Dudko, T.Ohl Eur.Phys.J. C11 (1999) 473-484
> E.Boos, L.Dudko Nucl.Instrum.Meth. A502 (2003) 486-488
* E.Boos, V.Bunichev, L..Dudko, A.Markina, M.Perfilov Phys.Atom.Nucl. 71 (2008) 388-
393
* Applied in different experimental analysis in D0 and CMS
> Phys.Lett. B517 (2001) 282-294 and other DO publications 11
> JHEP02(2017)028 (CMS-TOP-14-007)



Feed-forward NNs and Bayesian NNs

* Optimal FF NN requires manual tuning
> Need to avoid over-fitting problem
> Tune architecture of NN, training parameters, etc.
> [t is not very stable relative to the tuning

* R. M. Neal proposed Bayesian NN approach where each NN
internal weight is not a number but a distribution

> "Bayesian Learning for Neural Networks"
http://www.cs.utoronto.ca/~radford/bnn.book.html

> FBM package is the software realization for this idea
http://www.cs.toronto.edu/~radford/fbm.software.html

> First use in HEP: P. Bhat and H. Prosper, “Bayesian neural networks”, Conf. Proc.
C050912 (2005) 151.

* BNN provides the same level of Eff. as FF NN but it is very stable to
the modifications of tuning parameters, architecture and practically
does not affected by over-fitting problem
> Does not require manual tuning

12
> Require significantly more CPU resources


http://www.cs.toronto.edu/~radford/fbm.software.html

Heriponnbie cetu riryookoro o0yuenus (DNN)

COBpCMGHHOe ITIOHUMAHHUC OIITUMAJIBHOT'O IIPUMCHCHMUS HeﬁpOHHBIX ceTeu
HaA4YaJIOCh CO CTAaTbH.

Hinton, G. E., Osindero, S., & Teh, Y. W. (2006). «A fast learning algorithm for
deep belief nets.» Neural computation, 18(7), 1527-1554

KiroueBast ocooeHHocTh DNN: BO3MOXHOCTb TPEHUPOBATh OYEHD OOJIBIIINE
CeTH ¢ OOJBIINM KOJIMYECTBOM Y3JI0B U CJIOEB, YTO MO3BOJISET aBTOMAaTUYECKU
(opMHUpOBaTH MPOCTPAHCTBO MPU3HAKOB B MEPBBIX CIIOSX, U HE TPEOyeT
CEPbE3HOMN ONTHUMU3AIMHA BXOIHBIX JAHHBIX.

[Tpumep npumenenuss B HEP. DNN no3Bonuin yBEIUYUTH 4yBCTBUTEIBHOCTD C
3.10 (mony4eHHBIX ¢ MOMOIIbI0 00bIYHBIX NN) 10 5.00

| Disc:crvery significance g9 — HO s WFHE s WFWER
Technique Low-level High-level Complete

NN 2.50 3.1o 3.70 Nature Commun. 5 (2014) 4308
DN 4.90 3.60 5.00 13




q > q
b — t
(a)

t-channel

b t
b
g w*

(c)

OOUHOYHOE POXKACHUE TOM-KBapKa

q t
>Ww+<
q (b)
s-channel

9000000 —— ¢

p —>— -t

associated tW production

e CeueHue

MPOMOPIHMOHATBEHO [V |°

M JIOCTYITHO MPSIMOE
n3Mepenue nmapamerpa KKM marpuiibl
* PoxxJieHHE U pacnaj IpoxoasaT yepe3 Wtb BeplinHy U IO3BOISIOT
HaIpsIMYI0 TECTUPOBATh (V-A) CTPYKTYypy B3aUMOACUCTBHUS
* Ceuenus BeryuciieHbI ¢ NNLO TOYHOCTBIO

* [Iporiecchl 4yBCTBUTENBHBI K PA3JIMYHBIM OTKIIOHEHUSAM 0T CM

o [pb]

107

1072

1073

Single top-quark production |

Inclusive cross sections .
g
£ W-associated
CMS, PRL 110, 022003 (2013)
CMS, PRL 112, 231802 (2014)

CMS, TOP-17-018 (prel.)
Z-associated

L

t-channel
+ CDF & D0, PRL 115, 152003 (2015)
+  CMS, JHEP 12, 035 (2012)
CMS, JHEP 06, 090 (2014)
+ CMS, PLB 772, 752 (2017)
= s-channel
* CDF & DO, PRL 112, 231803 (2014) CMS, JHEP 07, 003 (2017)
= CMS, JHEP 09 (2016) 027 CMS, PLB 779, 358 (2018)
| |

| | \ | \ | | | | |
2 3 4 5 6 7 8 9 10 11 12 13 14
Vs [TeV]

14



Direct measurement of V .

proton

V

t
@' @

antiproton

2

[;rfh

+ |Vis|” <

Ut-ch. t+1

f-ch. t+1

L ATLAS+CMS Preliminary LHCIOpWG

- Single top-quark production
[ May 2017

10°

|

Inclusive cross-section [pb]

10

ATLAS t-channel

PRD 90 (2014) 112006, arXiv:1702.02859,
JHEPO4 (2()17)086

CMS t-chan

JHEP12¢ 2012)035 JHEP 06 (2014) 090,
arXiv:1610.00678

ATLAS Wt
PLB 716(2012) 142, JHEP01(2016) 064,
arXiv:1612.07231

CMS Wt
PRL110(2013)022003, PRL 112(2014) 231802

LHC combination, Wt
ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

ATLAS s-channel
ATLAS-CONF-2011-118 95% CL
PLB 756(2016) 228

CMS s-channel
JHEP09 (2016) 027 95%CL

7+8 TeV combined fit 95% CL

NNLO PLB 736(2014)58

scale uncertainty

NLO +NNLL PRD83(2011)091503,

PRD 82 (2010)054018, PRD 81(2010) 054028

Wt: {f contribution removed
scale ® PDF @ o uncertainty

—— NLO NPPS205(2010) 10, CPC191(2015) 74

Ho= W= My,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
Wt p: veto for tf removal=60GeV

and p_=65GeV
scale uncertainty

scale ® PDF & o, uncertainty
m,= 172.5GeV g

CMS, 13 TeV, arXiv:1610.00678

frvVip]

Vs [TeV]

1.03 + 0.07 (exp) + 0.02 (theo)

r

‘ 2

ATLAS+CMS Preliminary LHCtopWG May 2017
[
[f.yVil = \|[5—= from single top quark production
theo

Oipeor NLO+NNLL MSTW2008nnlo

PRD 83 (2011) 091503, PRD 82 (2010) 054018, —t——

PRD 81 (2010) 054028

total theo

Ao, ... scale ® PDF
My, = 172.5 GeV

[f.y Vil £ (Meas) + (theo)

t-channel:
ATLAS 7 TeV' - 1.02 + 0.06 + 0.02
PRD 90 (2014) 112006 (459 ")
ATLAS 8 TeV © » H= 1.028 + 0.042 + 0.024
arXiv:1702.02859 (20.21b™") :
CMS 7 TeV , e 1.020 + 0.046 + 0.017
JHEP 12 (2012) 035 (1.17-1.56fb")

MS 8 TeV » o 0.979 +0.045 £ 0.016

JHEP 06 (2014) 090 (19.7fb™")
CMS combined 7+8 TeV e 0.998 +0.038 +0.016
JHEP 06 (2014) 090 :
CMS 13 TeV*® —ite+— 1.03 + 0.07 + 0.02
arXiv:1610.00678 (2.3fb")
ATLAS 13 TeV?® e 1.07 +0.09 + 0.02
JHEP 04 (2017) 086 (3.2fb™") :

wt:
ATLAS 7 TeV . [ S— 1.03721% +0.03
PLB 716 (2012) 142 (2.05fb")
CMS 7T H 1.01+0.16 +0.03
PRL 110 (2013) 022003 (4.9fb") : ! -0.13 -0.04
ATLAS 8 TeV'” » —t—— 1.01+0.10+0.03
JHEP 01 (2016) 064 (20.3fb™")
CMS 8 TeV' . —— 1.03 +£0.12 £0.04
PRL 112 (2014) 231802 (12.2fb™")
LHC combined 8 TeV "’ 1.02 +0.08 + 0.04

ATLAS-CONF-2016-023,
CMS-PAS-TOP-15-019
ATLAS 13 TeV* I

1.14+£0.24 £0.04

arXiv:1612.07231 (3.2b7")

s-channel:
ATLAS 8 TeV® I t

+018_‘_004

PLB 756 (2016) 228 (20.3fb™")

0.93 _ 0%

1. . .
including top-quark mass uncertainty

Z Gyeo: NLO PDF4LHC11

. NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty

i 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |

1 1.2 1.4 1.6 1.8
IfLV\ItbI

ATLAS, 8 TeV, arXiv:1702.02859

fiv - [Vipl = 1.029 + 0.048
ATLAS, 13 TeV, JHEP04(2017)086

fiv - Vwl= 1.07+0.09



What we call anomalous Wtb couplings?

Lo = Lsm + Z G .0, Operators that contribute to the Wib vertex:
J. A. Aguilar-Saavedra, arXiv:1008.3225

(33+3) _ 1 [ /1 -
contact four-fermion G =3 [(p (T Du = D“T }(QLWHT qi3). Oy =1i(¢' Duo)(ixy"br).

interactions 0%, = (ars0" tlbR)o 1 59 _ (et T W
(not a part of Wtb vertex): " - w=1(q n

one can derive vertices:
O3 = (q'vumid?) (v ' q)

G 7 - — i _ { -
“ ‘' Cen Zhang, Livew \[b}ﬁ[ (VLP’L+ VrER) t W.”
>< Scot Wlertrock "

ol,7  arXiv: : _ IO' ) B
VAN 5 W (gLB+grBe) t W, +hc.
d b \/7 M

] ] order:

V=R =R, NS N Where corrections to SM coupling:

Vo= = oy (3 343) 42 33 )2

gL = FLT = FL2’ B (VR)2 VL — vrb ‘|‘C Xza 8L — \/zcdw A2
- 2 2

9 =" =, O ve- i & &k = V23 &
Jd, (9,)

0o A-(f1P B+ Cof1of 5+ D (Fof )+ B (£ + Go(f2 )


http://arxiv.org/find/hep-ph/1/au:+Aguilar_Saavedra_J/0/1/0/all/0/1
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Zhang%2C%20Cen%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Willenbrock%2C%20Scott%22

proton
i q
o

qr

Production Cross Section RV

-

antiproton

for s-channel:

-V ‘)d o’ B3 5 ..
S 7 . = II :3 - Illlg_. * 2 7 —l_ 2 s
(T( 9) ud—tb 24 l‘:rlll @LV (a o 'TT?:%V )Q [( . ) (fL1 fR1 )

S 6m
+ (3 =2p5%)- — f2r + o) ——— (frv - frr + frv - fLT)]
W
for t-channel:
X . I,r2 . QQ A 5 _ 5 5
O(8)ubstd = I cocpB™ - fiv +(—(14+¢1)-In(ar) + (24 co) - B7) - fry

4-5-sin” Oy

+((24+co)-In(ar) — (1 +ec1) - cocp_,.-'ﬁ'g) : f%’r + (e1 - In(ar) — 28%) - co8? - fET

2 2
T (= n(a1) + epB2) - frv - frT) + —% (1 - In(a1) — 262) - frv - for)
myy mwy
5 =1 mz _q B35
E.Boos, V.Bunichev, L.Dudko, M.Perfilov Pl m=l4 5
Int.J.Mod.Phys. A32 (2016) 1750008 (o ,
P8 —mi+mi)
co = i ] = Qﬂfﬁf + 32

2 :
miy S


http://arxiv.org/pdf/1607.00505.pdf

MoaennpoBaHrue aHOMAJIbHBIX B3aUMOIECUCTBUU

“~ YyeT aHOMa/IbHOT'O KallVyIMHra B poxkaeHuu U pacrnazae, (LV, RV) cienapun

0%pr0d+decay(,flf} fﬁ):m(SM)"‘”(CU"UﬁClCZZ)"‘k(OlOO)

""’METO,Z[ AJ1d TIpPAaBW/IBHOI'O MOAe/IMPOBAHUA U

BOCIIpOM3BeAeHUA KNHEMdTHUUECKNX XdPdKTEPHUCTHUK
Int.J.Mod.Phys. A32 (2016) 1750008

OIINCaH B

(dof),d(cos(q, ) ), 10*3 pb

[\~
th

A
o

15

-
o

R\
=== articicial

- 10500
LVRY modeling

b

0.5
cos(q.[T )

top rest frame

C o om=(r)

k=(r%)

N

~ n=(fy)-(f)

Wonr

Wirs )
w

art

w
(. f5)
Wo100

Wirs. %)

18



http://arxiv.org/pdf/1607.00505.pdf

CxeMa 3KCIEepUMEHTAJILHOT'O IIOUCKA
IPOSIBJICHUS aHOMAJILHBIX Wtb B3auMoOaenCcTBUI

Setup

Basic selection Reweighting

A%

Preselected events

QC
BN

SM

SM

N

SM

input vars . BNN

aWtb

input vars | BNNs

BNN )
output

SM cross
section

BNN .
output

Wtb
couplings

JHEP 02 (2017) 028
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JHEP 02 (2017) 028: Events yield
Vs = 7TeV Vs = 8 TeV
Process Basic selection Multijet BNIN > 0.7 | Basic selection Multijet BNN > 0.7
220 180 —+980 660
t channel 55801z, 4560715, 21900725, 14 8001220
s channel 37371% 301713 1307+47 865431
tW 2 080-+160 17604130 9220-+620 6 6204450
T 770 +660 5100 3600
tt 20 450750, 17 360755 1011007200 72200755
W+jets 16 1004800 12 7004630 36 1001120 23 700800
Dibosons 380410 300+8 780420 537414
Drell-Yan 1520480 660140 5960-320 2060+110
Multijets 73403700 7407359 302006999 2 63071320
Total 53 80073500 383807 00 206 65075 500 123400713500
Data 56 145 40 681 222242 135071
%10? 5.0 fo' (7 TeV) %10 19.7 fb' (8 TeV)
o o
S 2.0 t Data S t Data
= CMS Il { channel S @ ! channel
g 7 [ ]S channel *E ]S channel
S Lf CItW S CItW
TN it 1L ot
adF I W-+light I W-+light
I W+c B W+c
0.5 mm W+QQ ' mm W+QQ
Lo 3 W+QX (UE) I I W+QX (UE)
(}{.}q === : .+ ~ |l Dibosons Ug - -l Dibosons
O oollfatiis it iinitutiiatttii i1t | Drell-Yan | Q] 4 | : : : i Il Drell-Yan
0.0 + **{ Lo 14 ++ d + . et t e epant ey taantattant,, .?,......4....,.*.!,! o
=001 T *++++++++++++++++I [ ] Multijet =0 3-3 S i I e TR H{]Multijet
o E . . . - v v v 1oy, 1B ] E’ ' P A T R P 1
s~ 00 02 04 06 08 1.0 s~ 00 02 04 06 08 1.0
= SM BNN = SM BNN




CraTtucTuyeckas Mo/iesib

BepoATHOCTbL NOAYUNTL CUTHAN CMAON U C HaBopom AaHHbIX d:

7t (jis) 7t (jip) 72(6)

pild) = [ palfis, in, ) B i,

M CTOYHHKH CHCTeMaTHYeCKHX OIIH00K:

Maprunanusyemblie HeMmapruHanusyemsie “~ KoHeuHoCThH
(~5.5%): (~8%): cratuctuku MK
“w Xsections “~ Generator choise MO/E/THPOBAHIA
(metop bapJioy-
“ JEC “~ Scale BuCTOHA)
“~ JER “~ Matching “~ CBeTUMOCTD
(2.6%)
i Unclustered MET “w PDF e
. . Hemaprunanusyemsle olmibOKyA
“~Pile-Up ~p_(top) . BBIUMC/ISIOTCS C TIOMOLI[BIO

“~ B-tag /mistag T1CeBZ0-9KCIIePUMEHTOB.

“wTriggers SF 21
“w~ Lepton Id/Iso



(LV,RV,RT) u (LV,LT,RT) scenarios
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5.0 fb' (7 TeV) + 19.7 b’ (8 TeV)

0.3 o CMS [ ]95% CL observed
= [ 68% CL observed

0.2

B —— 95% CL expected
P —— 68% CL expected
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R
IFvl
5.0 fb™" (7 TeV) + 19.7 fb (8 TeV)
04
CMS [ ]95% CL observed
0.3 [ 68% CL observed
0.2|= ——— 95% CL expected

—— 68% CL expected

Observed (expected) 1D
limits at 95% C.L.:

f+|>0.98(0.97),
£5>0.16(0.22),
—0.049(—0.049)<f7<0.039(0.037)

Observed (expected) 1D
limits at 95% C.L.:

f1|>0.98(0.97),
f5>0.057(0.10),
—0.049(—0.051)<f><0.048(0.046)
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HenTpanbabie TOKM MeHstomue apoMmar KkBapkoB (FCNC)
B POXKJICHUH TOII-KBapKa

Flavor Changing Neutral Currents (FCNC){ — qg, t = qy, t — qZ

SM two-Higgs SUSY
B(t —-ecg) 5-107% 10~° 1077
B(t —e¢y) 510713 1076 107°
B(t —»cZ) ~ 107" 1077 10~
FCNCc FCNC ¢ rntooHom t
2 POTOHOM y
t_l/c
u/c cg — tg qgg — lc
FCNC ¢ Xvurrcom
FCNC c Z ¢
\u/c t
N /,/ u/c
AN u/c a >
o
ﬂ"“t)() - lll] -] Z b
‘g‘:/\gd - i" -~ ule T 23
& LA b



FCNC ¢ 0OMEHOM INTFOOHOM

f’i‘-tug _ v )\{1 a h"tﬂg — v /\a a
T u o ?f G}'_LU—I_QS i.-l C T ?t Gﬁbﬂ—i_ h.C.

XapaKTtepHble anarpammbl And kaHana tj

Js

‘00000 Y— e > a ¢
g f q ¢ \\
' =
g q q q
CueHapwuu:
NMapameTpsbl MNpeasapuTeNbHbIN 0TOOP ‘ lNepeeseelunBaHue
. k
* tug— 1-mepHbii, XC =0
. K
OTtobpaHHble cobbITUA . tcg— 1-MepHbIii, Xu ~ 0
N4

* tug + tcg — 2-MepHbIN

QCD MNepemMeHHbie FCNC Bbixog :;:FLTHZ:::?:
BNN cetn FCNC BNN ceTn FCNG o




OrpaHquHHH Ha tug, tcg FCNC

. 5.0 b (7 TeV) + 19.7 tb™ (8 TeV)
: - [ 195% CL observed
b s T CMS [ 68% CL observed
"."i:j";:;‘ !;Fgﬁ.cshﬁgﬁ%ﬂ b= 70'&0' "o‘.z ﬂ 02 OiiugF?;ﬁIC a&kéﬂ%ﬁsﬁgi . :_ """"""" 95% CL expected
o P som'Te) J e 10ImETY) J ,,_<___‘ 0.0081= — 68% CL expected
g 20 CMs —= B
g 2 I
| = = X 0.006— e
E%E? 1.0;B£|Y 8 70'(').0 02 04 06 08 1.0;Diiy 0004:_
0.002
00 0.005 0.01 0015 0.02 0025 003 0035 0.04
V5| Rmel/A (TeVTY) | B(t — ug) \hmg\/u eV | B(t — cg)
7TeV 14 (13) x10™3 | 24 (21)x107° 9 (2.4) x1072 | 10.1 (6.9)x10~4
8 TeV 5.1 (5.9) x1073 | 3.1 (4.2)x10™° | 2.2 (2.0) x1072 | 5.6 (4.8)x1074
7 and 8TeV | 4.1 (4.8) x1073 | 2.0 (2.8)x1073 8 (1.5) x10=2 | 4.1 (2.8)x10~4



https://arxiv.org/abs/1610.03545

OrpanndeHus Ha aHoMalibHbIe FCNC pacmaabl Ton-KBapka
ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
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W' searhes

,
L= ?gwq Yolay, (1+ys)+a,, (1=ys)]W'q,+H.C.

Heavy gauge boson

t
W
N\N/X
4 b
_ models of . top-flavor models
Universal Extra Dimensions Malkawi et al, Phys Lett. B 385, 304 (1996)

Datta et al, Phys. Lett B 483, 203 (2000)

Left-Right symmetric models
Pati, Salam, Phys Rev D 10, 275 (1974)

Technicolor models Mohapatra, Patl, Phys Rev. D 11, 566 (1975
Chivukula et al, Phys Rev D 53, 5258 (1996) paira, Fati, Phys Rev. D 11, 566 (1375)

composite models , Little Higgs models 27
Grand Unification Theory



W' search: W — W' interference

q t t
w+ w

q’ b b
“« considered three scenarios of W' interaction to fermions:

1) SM + purely left-handed W', 2)purely right-handed W'

~~ Interference of W and W' s —
L&)
: g 1 =
in the s-channel usually takes Tt
8
. 10°
into account o
- destructive influence on the CS '
10°
“~squared matrix element of the process: 107
B

uassts,sev

2 L L
MP= | SM +2-aly-aly inerrenceof W and W' +

E.Boos, V.Bunichev, L.Dudko, M.Perfilov
Phys.Lett. B655.:245-250,2007



http://arxiv.org/abs/hep-ph/0610080

Events / bin
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Single Top in Heavy Ion Collisions

EPS09|PYQUEN

(1) pp

(2) PbPb

(3) PbPb + PYQUEN

- +

Test of MC simulation (W+/W- production)
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A. Baskakov, E. Boos, L. Dudko,

|. Lokhtin, A. Snigirev

Phys.Rev. C92 (2015) no.4, 044901
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3aKJIIOUYEHHE

~ He HaOII0IaeTCd CTATUCTUYECKH 3HAYUMBIX OTKJIOHEHUU OT
npeackazannd CM B CEKTOpE TOI-KBapKa

~ OCHOBHBIC HAIIPABJICHUS IMOMCKA:
- POXKICHHUE TSDKEIBIX PE30HAHCOB PacHaatolIMXCsl B TOM-KBAPK
- BO3MOKHbIE Moiu(pukaru tWb B3anMoielicTBUS
- IOIIOJIHUTEIbHBIC B3auMoaercTBu: tgu(c), tZu(c), tyu(c)

~ CJIeayIOIIUKi YPOBEHb YYBCTBUTEIILHOCTH B SKCIIEPUMEHTAX C
TOII-KBApKOM 3TO IpOBEpKa B3auMoaeucteus ttH, tHq

~~ DKCHEPUMEHTAJIbHBIE UCCIICIOBAHUS MO JIEPKAHBI TPAHTOM
PODU 16-02-00664. TeopeTtnueckre U (HEHOMEHOJIOTHUECKHUE
UCCIIeq0OBaHUA noaaepkanbl rpantoM PHO 16-12-10230
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How we can prepare MC model of production in

model independent way
(vertex approach)
L=— } by (FLPL + FRPr)tw, Wi = DW= D,WiE Prr = (1F7)/2
. ﬁrz D = 5“ — "i'€*4u.§ ot = (3/ 2) h,tt- . A,""'v];
g +ic"q, o ) ‘ | o : o
V2 " M (FLPL + FiPr) +hc. Fl p=Vallr Fir=Valir
L\2 R\2 L /R R L L\2 R\2
ogocA-(f\) +B-(f1)+C-(f\f2)+D-(f1-f2)+E(f3)+G(f3)
Notation f_ri f:l?_ ff f:%
1000 1 0 0 0
With these 6 samples we can describe 0100 0 1 0 0
All possible values (models) of the 0010 0 0 l 0
Couplings in production of single top 0001 0 0 0 1
Including the interference terms 1010 1 0 1 0
(approximation with massless b quark) 0101 0 [ 0 |

In CompHEP samples b-quark 1s massive and all necessary terms are taken into account

correctly as well as anomalous operators in the decay of top.
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MogennpoBaHMe MHOMOCTPYUHbIX coObITUN N3 KX

* [lhoxoe mopgennposaHue

* OueHKa Npon3BOAUTCA U3 AHTKU-

N30 1IMPOBAHHOW 061aCTU AAHHbIX

* QCD BNN: HenpoHHaA ceTb AN
Bblpe3aHua ¢oHa KX/

BXO,LI,HbIe nepemeHHble
Ap(u,v) me(W) MET pr(u)

CurHan
t-kKaHan
doH

c -
£0.40
5040

o C
KXO o
2
w [
0.30[

0.005

0.25F

0.20F

0151

0.101

0.05

CMS preliminary, Vs=7 TeV, L =5.0 fb"
[Csgn exam
[Abkg exam *
- sgn train
o bkg train
7, —
77 il
50 02 04 06 08 1.0
QCD BNN

HaHHble reffsa(mu) < [} 12
MHOrOGTPY kb b ——
KXJ coBbiTHS U 33 < rellso(mu) < l

%10° 19.7 b (8 TeV)
™ - t Data
o
S CMS Il { channel
% 201 [ ]s channel
e | —14
1L [t
10- I W-+light
B W+c
- * mW+QQ
r“‘-% . g I W+QX (UE)
O 0011 = | . 1| [l Dibosons
= N I L T ~ |l Drell-Yan
E%%%j ...... Pt e ultijet
S 0.0 0.5 1.0
Multijet BNN
BNN_QCD > 0.7 34




IIocTtpoenue 2D-KOHTYpPOB OrpaHUYECHU

“» B oT/inuMe OT aBTOMaTH4YeCKH YUUThIBAEMBIX B CTaT. TTaKeTe MapruHaaInu3yeMbIX
CHUCTeMaTUK, HeMapruHaarM3yeMble CUCTeMaTUdeCcKre Heornpe/e/léHHOCTH
OLIEHWBAKOTCS C TIOMOILIBIO OTAETBHO MPOBOAUMBIX MCEBA03KCIIEPUMEHTOB, 1
N00aB/IAIOTCS B IBYyXMEPHBIM KOHTYP C [IOMOIIIbIO JOTO/JHUTETBLHOIO ABYXMEPHOI0
pa3mbITHs 110 ['ayccy, mapaMeTpbl KOTOPOTO ONpee/sstoTCs MaTpULier KOBapyaluu
Me>Xy pacCMaTpUBaeMbIMH KOHCTAHTaMU CBSI3H.

“w JIna Kaxkoro uctouHuka (scale, PDF, etc) 52 5 5
CO37a6TCsA MaTpUIlA KOBapHAIIH, C LV LV * ORV
HCII0/Ib30BAHUEM CI/IMI\\/’IETpI/IBOBaHHbIX OTKJIOHEeHUH Opv * Opy (%V
[IJIsI COOTBETCTBYIOLI[e KOHCTAHThI CBA3U.

“w CUMMeTpU3alMs Heonpe1e/IEHHOCTEW IPOBOAUTCS yCpeaHeHHeM OTK/IOHEHUU
BBepPX Y BHU3 10 paCCMaTpUBaeMOMY TapaMeTpy.

“% D7IeMeHThI IJIABHOW MarOHa i pacCUMTBIBAKOTCS KaK KBaJpaT CHMMETPHU30BaHHOU
HeorpeeIEHHOCTH /151 KaXK/IOW U3 KOHCTAHT CBSI3U.

Bt He,Z[HaFOHaJIbeIe 3JIEMEHTbI PACCUUTBIBAKOTCA KdK 3HAKOBOE€ IIpOMN3Be/JeHKE
CUMMETPHU30BdHHBIX OTKJ/IOHEHUU Pa3/IMYHbIX KOHCTAHT CBA3U, C YUYETOM
IMperuMyIigeCTBEHHOI'O 3HdKd OTK/IOHEHHWUH [AJIA K&)K,Z[Oﬁ N3 KOHCTaHT CBA3U.

“w [To/iHast MaTpulla KOBapUalluu OIpefiesieTcs Kak CyMMa > 0Ly * 0Rrv)

110 BCeM MCTOYHUKAM Heolpee éHHoCTH. Koppensiimonnstit NN
KO3 duieHT 2D pa3mbITHs onpezenseTcs Kak: :



KoMOunHanus 1aHHBIX M3 pa3HbIX nepruoa0B padoTel LHC

HoBas craTucrnuyeckas MoJae/jab:

“~ O0beguHeHre rucTorpamMm 7 U 8 ToB maHHBIX B 0/IHY 00I111yI0 THCTOTPAMMY.

“~ AHOMa/IbHbIe KOHCTAHThI CBSI3U — OOI1[1ie IapaMeTphbl UHTEpeca B COBMECTHOM
(DUTHPOBAHUM.

“» MapruHajmsyemMasi CUCTeMaTHhueCKas MorpelrHoCTb 3a4aéTCs 0T/ e/ TbHbBIMU
napaMerpamu /i 7 u 8 T>B naHHBIX:

“~ Xsections * PileUp

~oJER * Lepton ID,
Iso

“»JEC (without separation) e Trigger Sfs

“wUnclustered MET * Luminosity
“wb-tagging and mistag

“~ HemapruHanu3zyemas cucTeMaTuuyeckas Heorpee16HHOCTb CUUTAeTCs
MO/THOCTHI0 CKOPPe/IMPOBAHHOM /151 7 U 8 THB maHHBIX

* Comparison of different
generators
“»Q* uncertainty « D (top) reweighting

“sMatching threshold

“wPDF
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Variahle Description SM | fhfi | fhfk | fhfR | FONC
. pr of the leading b jet
pribi) i o . X
(the b-tagged jet with the highest pr)
priba) pr of the next-to-leading b jet T
prij) pr of the leading jet X ' *
o vector sum of the pp of the leading
prij.iz) . . X
and the next-to-leading jet
p'[-(_'):[;éim:::;ﬁ-(j,- )| vector sum of the pp of all jets without the best jet| 7
(L) Jl’y[- of the Iight—f}avnur ]Lt _ » » “ »
(untagged jet with the highest value of ||}
prip) pr of the muon 7 * *
pr(W,by) pr of the W boson and the leading b jet X X bt X
Holir.ia) scalar sum of the ;a-[-- of t-lu' leading y y . y
and the next-to-leading jet
.E'-:l‘-'i’*"’ missing transverse energy x
() 1 of the muon X
L) n of the light-flavour jet X X X
invariant mass of the leading
S X X % ®
and the next-to-leading jets
invariant mass of all jets without the best one T
invariant mass of the W boson and all jets X X x
invariant mass of the W boson »
and the leading b jet
AR, by) Vin(p) —n(by))? + (o(u) — a(by))? 8
AR(p,j1) Vinlp) —n(1))? + (6(u) — o))’ 7
Ad(p, EF=) azimuthal angle between the muon and F#*s b X
Ad(p, W) azinmthal'an;_';lv between the muon 8
’ and the W boson
cosine of the angle between the muon and
cos(f, 5 Veop the light-flavour jet in the top quark rest frame, for| x * T *
top quark reconstructed with the leading b jet [35]
cosine of the angle hetween
cos(f, w ) |w the muon momentum in the W boson rest frame X ® X
and the direction of the W boson boost vector [56]
cosine of the angle between the W hoson
cos(fw 51 ) |eop and the light-flavour jet 8 x
in the top quark rest frame [56]
Q) charge of the muon tug
measure of the flatness of the event
Planarity using the smallest eigenvalue 8
of the normalized momentum tensor [57)
SM BNN SM BNN discriminant X
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CMS 19.7 fb" (8 TeV)

W helicity and Wtb ~ SMped. oo
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. . . = =1 jets
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CpaBHeHue pe3y/ibTaTOB

5.0 fb' (7 TeV) + 19.7 fb™' (8 TeV)
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http://dx.doi.org/10.1016/j.physletb.2012.05.048
https://arxiv.org/abs/1610.03545

CpaBHeHMe pe3yibTaToB ¢ W helicity aHanmm3zamu

5.0 fb' (7 TeV) + 19.7 fb™' (8 TeV)
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https://arxiv.org/abs/1610.03545
http://dx.doi.org/10.1007/JHEP01(2015)053
https://cds.cern.ch/record/1528567

W' searches at CMS: W' theory

Effective lagrangian of W' interaction to fermions in model-independent form:

e V —3
q; 61]
ai . ai , - leftand right couplings of W' to fermions
9= .L - Standard Model weak coupling constant
sin(0)
V,, - Standard Model CKM matrix element

~ Different scenarios of W' interaction to fermions:

Left-Handed W' Right-Handed W' Mixed case
(SM-like couplings)

L L _ R _ L 1 R _ 1
a,, q;, =1 aq q; =0 aqiq_,-_ 0, aq,-q,-_ 1 aqz-qj ’ a%%

M, >M, ; M, <M, .



L=

o(qq’ — H')xBR(H — tb) [pb]
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Search for charged scalar (H+)
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FCNC tgu(c) Search 1n Single Top

CMS preliminary,\'s = 7 TeV, L = 5.0 fb”' Kty a P \@
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BR(t— g2)

FCNC Search tZq, tyq, tHq
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signal strength r at 95% CL

10

Reference FCNC analyses in tt

Flavour changing neutral Higgs in tt
t - qH,H - yy, CMS PAS TOP-14-019
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signal strength r at 95% CL

Observed (expected) limits
on branching ratios at 95% CL

Br(t - uH) < 0.42(0.65)%
Br(t - cH) <0.47(0.71)%
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FCNCwith Zin tt
t > qZ, CMS PAS TOP-12-037

Reference FCNC analyses in tt

Observed (expected) limits
on branching ratios at 95% CL

Br(t - qZ) < 0.07(0.11)%

Events / 20.0

- CMS Preliminary
| 19.5fb"at (s=8 TeV

Events / 20.0

—_
o

(==
T T T

| CMS Preliminary
L 19.5fb"at (s =8 TeV

~0——
% i CMSlPrelimin[ary ,'
o | 195f'at(sz8T8V ‘
”"éano_— _ -
£ .
2501 . , . .
2001 ‘ ., .
I Lo
150F ¢ . ,
I N Y I
1[]9[]0 150 200 250 300 350
m,, (GeV)

46



signal strength r at 95% CL

107

Reference FCNC analyses in tt

Flavour changing neutral Higgsin tt
t - qH,H - yy, CMSPAS TOP-14-019
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signal strength r at 95% CL

10

Observed (expected) limits
on branching ratios at 5% CL

Br(t — uH) < 0.42(0.65)%
Br(t — cH) < 0.47(0.71)%
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