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Search for a Dark Matter

ner-»

» Indication on the Dark Matter existence follows i&\;@;ﬁ? @V‘

from the astrophysical observations
) S
: ( 5

H DarkEnergy

m Dark Matter

» Direct, indirect, collider searches
» Dark Matter particles predicts by some of SM
extensions (BSM models): MSSM, 2HDM ...

Ordinary Matter

LHC searches: mono-X, associative production,
search for the dark mediator

» Model independent analysis: EFT, simplified models

» For the data analysis wide range of DM mass and

mediator mass for different mediator types: axial-

vector, vector pseudo scalar ....
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Search for a Dark Matter (WIMP )
mono-Z (ISR process
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= | > Discriminating variable — missing
Y .
energy: E7**°

':"5.- > Data on pp collisions at v/s =

ee-channal EREREEN 1-channal | 13 TeV collected in 2015-2016
- - , I . . - years of Run II, with the integrated
10t . Z+] 10'=ATLAS * Data Z+jets . . }
& %f‘;:fev o o e ot S iy s64 ! ™ZZ mm Nonesonantl luminosity 36.1 fb'! have been
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prediction were observed
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Search for a Dark Matter (WIM ' in
~_mono- -Z (ISR) process

Axial-vector mediator [REIERERERENEN \/cctor mediator el
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‘Search for a Dark Matter (WIM ' in |
mono-Z (ISR process
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M Brian IA® OPBI B aHanm3:
Bl © OnTyMK3aLuMA KpuTepnes oTOOpPa Nose3HbIX COBbITUN
* Yyactne B MoHTe-Kapno reHepupoBaHUM CUTHAAbHbIX COObITUM

| * MNpoBepKa 3PpHEKTUBHOCTM TPUTTEPOB UCMONb3YEMbIX A5 aHA/IN3a
NAHHbIX

B « OueHKa BK1aga GOHOBbIX NPOLLECCOB

* YCTaHOBKA BEPXHUX NPEAEeNoB Ha CEYEHMA POXKAEHMA YACTUL, TEMHOM
B MaTepumn.




Search for a heavy neutral Higgs boson (BSM)

Predlcted by the SM extension (BSM)

i

2HDM, MSSM: CP-even h and H, CP-odd pseudoscalar (A), charged H+, H-

HTM: Ht+, H+, A, H and h, NMSSM, LRSM ...
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» Discriminating variable — transverse
mass — m;

> Data on pp collisions at+/s = 13 TeV
collected in 2015-2016 years of Run I,
with the integrated luminosity 36.1 fb
! have been analyzed
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Data
Prediction
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» No deviation from the standard model
prediction was found
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@ Search for a heavy neutral Higgs boson (BSM) |
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ATLAS Preliminary T - -
_ -1 . .
f;g‘*_‘:’ff’ﬁ‘ff’fm_w - o L = > Data on pp collisions at
VBF production [ Expected - 1o . '\/E = 13 TeV collected in
o [ exeected= 2o S  2015-2016 years of Run I,
= = - Expected CL, limit (f F:J"J") W|th the Integrated
B LI luminosity 36.1 fb! have

been analyzed
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| > Upper limits on cross
section production vs BSM
Higgs mass were obtained
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Search for heavy gauge W’-boson

A
o

» BSM models like E6, SSM, LRSM predict new heavy W’ gauge boson | » 2015, 2016 of Run Il data with
» In SSM W’ has the same couplings as SM W-boson ,{ integrated luminosity 36.1 fb! were
» Search for high mass states with leptons (W —ev, W' —uv) plus missing ET analyzed in the mass range 150-

» The observable is transverse mass: m._ = \/2 prEf™ (1-COS@, ) / 6000 GeV
» Look for excess above background (Sivi) 4 » No deviation from the SM prediction

| , ‘_‘_ '/// was found
Iee-lchannal “H'Cha””al ” /é > Upper limits on production cross

ATLAS —W(3Tev)  « Data ATLAS —W(3Tev)  « Data section vs m ., mass were set
\s=13TeV,36.1 " —W @Tev) [IW \s=13TeVv,36.1f6" —W (4Tev) [IW w

: . —w T K ' : — W T k . .
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Search for heavy gauge Z’-boson

BSM models like E6, SSM, LRSM predlct new heavy Z’ gauge boson il » 2015, 2016 of Run Il data with integrated

In SSM Z’ has the same couplings as SM Z-boson luminosity 36.1 fb-! were analyzed in the mass
Search for high mass states with leptons (Z'—ee, Z’—>pupu) range 150-5000 GeV

The observable is the invariant mass of two leptons: m, No deviation from the SM prediction was found
Look for excess above background (SM) Upper limits on production cross section vs m .,

e ‘g’, _ mass were set
ee-channal = pu-channal “*= > PNPI contribution: ee-channel
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Precision studies of p; and ¢* of Z-boson

W
z-
[ pibosons

T

- tf & single top
[ ]zsee

—— DATA

Events/1 GeV

* Test predictions of
* QCD predictions in all order of a, complimented with Parton Showers(PS)
» Soft-gluon resummation and hard jet emission
» Non-pertubative effects (initristic parton transverse momentum)

 Results can be used for
« Improve re-summed analytical calculations =

- Tune Monte-Carlo generators TR el

» measurement of electroweak observables (e.g. W boson mass) '
Important for searches in which Z processes are background
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PNPI team is participating in all activities (from event selection till final
result)

For ATLAS collaboration we contribute to the analysis of electron
channel
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Precision studies of p; and cp* of Z-boson
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f, = tan(? '2 )-sin(g) Bl Tamas etevaon

] 3:— Statistical uncertainty —— ResBos
I I Total uncertainty

] 2?_ 66 GeV <m; < 116 GeV, |y | < 2.4

q, = arccos(tanh(%)) ‘

quark/gluon

1/c do/d¢o* REesBos / Data
n

Advantages and definition of ¢*:
o independent for p; calibration and resolution of the final-state

leptons
o ¢, provide excellent experimental precision at low p*;

o depends only on the directions of the two leptons (measured AT
. - ATLAS \s=8TeV, 20.3 fb
better than their momenta) F

NN W
AN
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NN
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Scale on x-axis are aligned accordlng to the approximate relatlonshlp

\/—m f,» pT

Finer binning in ¢* while maintaining smaller systematic uncertainties

- Statistical uncertainty —— ResBos
“t [ Total uncertainty
- 66 GeV<m <116 GeV, |y | <24

1/ do/dp!. ResBos / Data




Bose Einstein correlation
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BEC represent a unique probe of the space t|me geometry of the hadronization region and aIIow the determination the
size and shape of the source from which particles are emitted. BEC is usually describes by a function with two parameters:
the effective radius R and correlation strength A: R(Q) = 1e? +a+bQ

& iy 787 =
As it was shown in paper: V.A. Khoze, A.D. Martin, M.G. Ryskin and V.A. Schegelsky, Eur. Phst C76 (2016) 193) that the
secondaries produced in high energy hadron collisions may be radiated by small size sources distributed over a much larger
area of the proton-proton interaction: R(Q) =A1e ™ +(1-21)e **® +a+bQ
Where R1 —is the dlstance between two sources and R2-the radius of the source

2 /J/ |\ S

T T T 1T 7T T 1 1 T 1 7T L L T 1 7T \ . . .
E G TTTTTTTTTTTTIITTTITITIITTTTT N For the first time it was demonstrated that
® o 2 radii 7 8 TeV 3 E C ] . .
2 om ’ E g 13TeV - secondaries are produced but a small size
V4 o 7 o F . . . .
o OF 2R E g o R = ~ sourcies ofn the radius R2~R_ which
3 s = 8 E . N
8 o - : s ] separated by the distance R1~2R\ between
4= e + 3 4 *++,Hﬂu+*—§ . individual sources. These sources may be
C : c o ] . . . .
3;_4-"' E L o E considered as the individual Pomerons or
% E 2;‘ E as some excitations of QCD vacuum
00000 0—0=0—0—0="07-0—0~ Bo000C0oC0000000000 medium.
b ——20""%0""60 80 10 720 ™0 05005050 100 20" 4ty o0 48 00 "
Multiplisity Multiphisity arXiv:1608.05218 13
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* Pykosogutens — 0./1. PeaunH
° Mouck 2’: B.lM. Manees, M.I1. JleBueHKO
* Monck W’: B.M. ConoBbeB

* NpeunsnoHHOe n3mepeHue cneKkTpa noneézeqﬂoro nmnynbca Z-6030Ha n
yrnosou nepemeHHoun ¢* B npouecce ZU.
A.E. ExXunos, B.M. Conosbes, [. lyara

* bo3e-DUHLITEUH Koppenauuu:.
B.A. Lerenbcknu

* [ToUCK YacTUL TEMHOU MaTepUun:
A.E. bacanaes, HO.l. HapbiwkuH, A.C. KupbAaHOBa

* Mouck TaxKenoro HenTpanbHoro 603oHa Xurrca:
A.E. bacanaes, lO.I. HapbiwKknH , A.C. KnupbaHoBa
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3almiLeHo 2 KaHANAATCKUX agucceprauun:

B.N.ManeeB - “lNOMUCK TAXKeNbIX HEUTPaANbHbIX 6030HOB, pacnagaloLWUXCca Ha
3/1IEKTPOH U NO3UTPOH B IKcnepumeHTe ATLAS”

B.M.ConosbeB - “INMOUCK TAXKeNbIX 3apAXKEHHbIX BEKTOPHbIX 6030HOB B
KaHa/ie pacnaga Ha 3/1IeKTPOH U HEUTPUHO B IKCMEPUMEHTE
ATLAS"”

Ony6aukosaHo B 2017 rogy:

BHYTPEHHUX NPEnpPUHTOB 6

npenpuHtbl (CONF notes) 4

Crateir 3+4 (+1 cTtatba TRT)

AOKNaabl Ha KOHpepeHUUAX 6

'paHT POPU “NMonck yactny temHoi matepum B aKcnepumeHte AT/IAC Ha yckopuTtene LHC”
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MoucK TAXKenoro HEUTPANbLHOrO
60_)@Ha Xwn‘ca BSM Models

RRNARNRONN L

e 2HDM (Two nggs Doublet Model) is an exten5|on of Standard I\/IodeI second Higgs doublet is added to
SM leads to 5 physical states, 3 neutral, 2 charged: CP-even h and H, CP-odd pseudoscalar (A), charged
H*, H" The minimal model has 6 free parameters: Higgs masses m,, m,,, m,, m_, and the ratio of doublet

vacuum expectation values tan,B vl/v2 and a mixing angle a between the CP-even nggs bosons
~— S N\ [[]]7 227 S e

e MSSM (Minimal Supersymmetric Standard Model): extension of SM (each SM particle has a
supersymmetric partner). MSSM hlggs sector is a partlcular case of 2HDM type
N WAt
e NMSSM: Higgs singlet is added to MSSM—>7 phy5|cs states, 5 neutral, 2 charged: CP-even H,, H,, H;, CP-
odd A, A,, charged H*, H ~

— ~ 7 /TN —
e HTM: (nggs Triplet Model): Higgs triplet is added, lead to7phy5|calstates H* H* A,Hand h

WA

e / T

LRSM: (Left nght Symmetrlc modeI ) several varlatlons e. g addition of triplet + two doublets (bi-doublet)

//%7 e ...and more...




Searches by ATLAS & CMS J

Neutral Heavy Higgs: h/H/A—tt, HOWW—>évlv,

A—Zh(Z—€,h—bb(tt)), h/H/A>tE ...
Neutral Higgs decaying to di-Higgs: H—>hh = bbtt, hh = bbbb,

hh - bbyy, hh > WWyy, hh > WWbb, hh > WWWW
Charged Higgs: H*—>1v, H*—>tb, H* >WZ—3l+v, H* >WZ—>2{+2]

H* = uv, H* > Wh/WA/Wy, light H* = cs, cb
Double charged Higgs boson: H* —¢*¢*, H**> WW

... and more ...

SM@LHC 2017 AmsterdamMay2-5 Yu. Naryshkin, PNPI
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tan (B)

A—Zh—lbb: ATLAS@13TeV

2HDM Type | 2HDM Type
R N R R R N R R - L LA AR AN RRRR NN RN RN AR
ATLAs ~ PPOADERm600 GeVTypel e |amas  PPATEmS0GVTIPl T Rasults are interpreted in
sy oo |y o8t econerof 2H0M (e
e e S ‘r 13 TeV XpessCLiimt — 2aband ) and 1) as a function of the
'ILdt: 3.2 fo [/]Exciuded I y/m,>5% | Ldt 3.2 fbo .Excluded I'y/m,>5% | model parameters tanB and
cos( 3-a)
e A—->W*H,A—>ZHare
assumed to be forbidden
0 b i ol * The width of the A boson
- y - - is corrected to the width
I ] I (") predicted by the
- 5 - 2HDM.
I I - *  Only points in parameter
: - - space whereI',/m, < 5%
/ are considered.
SIS EWE Nis < FERE N o 0 TS B I IS T . T O . ol NS T

08 06 -04 -02 0 02 04 06 08 08 -06 -04 02 0.4 0.8

cos (B-a) cos (l3' )

ATLAS-CONF-2016-015

SM@LHC 2017 AmsterdamMay2-5 Yu. Naryshkin, PNPI 19



EFT: Effective Field Theory

’ . Effective Theory arXiv:1008.1783
\ ’ % " Name| Operator [Coefficient
\ -
<. D1 XXqq mq/M3
( Poopwe i)
» S D4 XV’ XT7°q mq /M3
4
' - D5 | xv*xa@wa 1/M?
M., M. 1 on |
| v 9q9y D8 |xv*V°xqvur°e| 1/M?

YacTuipl TEMHOM MaTE€pUU ONMKUCHIBAIOTCS KaK JUPAKOBCKHUE (DEPMHUOHBI

Teopus conepxut 2 napamerpa M., my

I'ne M.. — xapakTepu3yeT CUily B3aUMOJICUCTBUS U SABIsETCS (PYHKIMEH MaCChI

MPOMEXYTOYHOM 4acTUIbI M 1 KOHCTaHT B3aUMOICHCTBUS J, U 0,

Baorcnoe ycnosue: M >> Q.. , 20e Q,, nepedannviit umnynse

Run I —Run II: EFT — Simplified models

q DM q DM

q ) DM i DM

20



Simplified models

s-channel

q

— — —

mediator

Z

t-channel
X
q T X
n +
¥ AVAVAVAVIF
f

(IVIe,qmaTopbl:
AONS S - KaHana

: vector, axial,
scalar, pseudoscalar

ana t - kaHana: colored scalar mediator.

Teopusa cooep>XXuT 5 napamMeTpoB:

WIMP mass:  m,

Mediator mass: M

Mediator width: I~

Coupling between the mediator and the WIMP: g,

Coupling between the mediator and the SM particle: g,

-

PekomeHaauum DM dopyma:

~

MoaenupoBaHMe NpoBOANIIOCH

m, (GeV) Mpped (GeV)

1 10 20 50 100 200 300 500 700 1000 2000 10000 C ucnonb3oBaHmeM MadGraph

10 10 15 50 100 300 500 10000

30 10 100 300 500 700

50 10 50 95 200 300 500 700 10000 KOHCTaHTbI CBA3MU:

100 100 300 500 700 S-channel, vector and axial-vector case: g, = 1.0, g,=0.25
150 10 200295 500 1000 10000 S-channel, scalar and pseudoscalar case: g, = g,= 1.0
500 10 500 995 2000 10000 T-channel, coloured scalar case: : g, = g,= 3.0

1000 10 1000 1995 10000

\ black = recommended, beld = requested/simulated initially, red = requested/simulated later to improve limit j

2



