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Introduction

Resonant and non-resonant searches for new physics

Covered analysis

@ 13 TeV data only.
@ 3.0-361
High-mass final states only.

" of luminosity.
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ATLAS Preliminary ~ Vs=13Tev
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4~ [C]ATLAS Recorded

[ Al Good for Physics

Total Delivered: 4.2 fb™
Total Recorded: 3.9 fb*
All Good for Physics: 3.2 fbo*

Total Integrated Luminosity [fb™]
w
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Day in 2015

@ 8 analysis in total — no many details on the
slides — follow references to find out more!
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Fermionic final states

o lepton + EMSS (/']

o di-lepton ZiejF [Z’, Contact Interaction
(cnl

o di-lepton et M
Holes (QBH)]

[Z’, Quantum Black

Hadronic final states (jets)

o di-jet [QBH, ¢, W', CI]
o di-jet with b-tagging [b*, Z']
@ multijet [QBH, string balls]

Mixed final states

@ lepton and 2 jets/leptons [QBH]
@ 2 leptons and 2+ jets [leptoquarks]
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Physics objects performance at 13 TeV
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§ [ amxnzon emies nsiwcorsaior o] ey 3 uncertainty is below 3% for
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% oog Cwermes e 1B E @ Significant improvement of
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pr>25GeV, Iy <25 1 . A
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BRI B T
20 3040 10° 2x10° 10° 2x|o“
Py [GeV)
ATL-PHYS-PUB-2015-015

Run-2/ Run-1

E @ improved b-tagging
algorithms.
55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

bjet efficiency
ATL-PHYS-PUB-2015-022

O wmwsae

Viazlo on behalf of the ATLAS collaboration Searches with high-mass fermionic final states and jets 3/ 24


http://arxiv.org/abs/1603.05598
http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-003/
http://cds.cern.ch/record/2037613
http://cds.cern.ch/record/2037697

Fermionic final states

\ *lepton + E"

*di-lepton ¢t ¢T
*di-lepton e 5T
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EmISS

lepton + Ep

Electron channel
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@ Exactly one isolated electron(muon) with
pr > 65(55) GeV

o EMSS - 65(55) GeV

@ Search variable:
my = \/ZpTE{"’SSU — COS ¢y,,)

ATLAS-CONF-2015-063
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Muon channel

8 T
£ 6L ATLAS Preliminary —w@Tey o Dam
w \s=13TeV, 33 10" — W (3TeV) E:’
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CMuttijet
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Data / Bkg

2000
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[,
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@ Dominant background processes:
o W, Z - from Monte Carlo simulation
(mass dependent NNLO pQCD and NLO EW corrections)
o top - from Monte Carlo simulation
(accurate to NNLO in pQCD)
e multijet - data-driven matrix method
@ No significant deviation from SM is

observed.
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https://cds.cern.ch/record/2114829

lepton +

EmISS

T

13 TeV results E 10
oy Limit [Tev] E
Decay Expected Observed 1
W —ev | 403 3.98 )
W' — v 3.66 3.42 10
W' — v 4.18 4.07
102
8 TeV results
Decay ATLAS CMS 107°
W' = | 324TeV 3.28TeV
ATLAS-CONF-2015-063

T
ATLAS Preliminary

--- Expected limit
\s=13TeV, 3.3 "
Wslv Expected + 16

T

Expected + 26

— Observed limit

— Wissu

wl vl vl vl

LRRLLLU L I L

1074

m,, [TeV]

@ Benchmark model: W' Sequential Standard Model (SSM)

o Heavier copy of the SM W, same couplings
e Branching ratio to WZ set to 0, no interference to W

@ Almost 1 TeV improvement on limits
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di-lepton

Di-electron Di-muon

5 .osE ATLAS Preliminary ¢ Data ; 5 msi ATLAS Preliminary ¢+ Data J

@ V5 =13TeV, 3.2 0" Dz 3 @ fs=13TeV, 321" Dz 3
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@ Dominant background processes:
@ Atleast 2 isolated leptons o Drell-Yan Z/~ - from Monte Carlo simulation
with pT > 30 Gev (mass dependent NNLO pQCD and NLO EW corrections)
. . . . @ Sums of backgrounds are rescaled to

@ Search variable: di-lepton invariant mass match data in the normalisation region

ATLAS-CONF-2015-070 80 GeV < my, <120 GeV.

@ No significant excess observed.
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di-lepton

Resonant Z’ models

I

1

¢ -- Expected limit
\s=13TeV,3.2fb Expected 16

Expected + 20
— Observed limit

TR AR T BRI

|

% E ATLAS Preliminary
1
@ Benchmark SSM (same as for the W'):  ° 70
o Z’ has the same couplings as SM Z 107
@ Eg Grand Unified Theory: &
e E; — SU(5) x U(1), x U(1), 102
° Z'(GEG) = Z,, cos O, + Z, sin Ok, g
@ 6 commonly motivated states of z' A, e
namely: Z),, Zy. Z,, Z , Z&, Z,, 10°F
@ 400-500 GeV improvements on limits F
over Run 1 results 107 gl ey g s
ATLAS-CONF-2015-070
. . o ee [TeV] i [TeV] 00 [TeV]
Model | Width [%] Exp Obs | Exp Obs | Exp Obs
Zsm 3.0 3.17  3.18 | 291 298 | 3.37 3.40
)’( 1.2 2.87 288 | 264 271 | 3.05 3.08
Z§ 1.2 2.83 284 | 259 267 | 3.00 3.03
Z} 1.1 2.78 2.78 | 2.563 2.62 | 295 2.98
Zy 0.6 2.64 2.64 | 238 248 | 2.81 2.85
Z,’7 0.6 2.64 2.65 | 238 248 | 2.81 2.85
Z,/w 0.5 2.58 258 | 232 242 | 274 279
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A[TeV]

Non-Resonant Contact Interaction (Cl)

@ Quark and Lepton Compositeness:

o Characteristic energy scale A
corresponds to binding energy
between constituents

@ n; gives chiral structure of the
interaction

@ Excpect non-resonant deviations in
the di-lepton mass spectrum.

ATLAS-CONF-2015-070
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di-lepton e* ™

o B [pb]

Direct production of e* 1™ pair is forbidden ATLAS-CONF-2015-072
by lepton flavour conservation in SM.
. . 107 T T T — =5
Is gllowed in many extensions of the SM . ATLAS Preliminary " e Do e 3
Z’, Quantum Black Hole (QBH) models). JE 1s=13TeV, 321" I Ditoson 3
10  — -
. . . C—J Multi-Jet & W+jets 5
Main backgrounds - from MC simulations. 10° £ Drelyane =
. . . : o 3
Multi-Jet - data-driven matrix method. 10 ---- QBHRS2Tev
R P w 10 [ Systematics -
0.5 TeV improvement on Z’ limit. g 5 3
o 15 N T !5
1g T T T T T T 3 . F i t---§
E “, .- Expected limit E 10T E
[ “-‘ Expected + 1o b 107 { E
107 ~ | 10° e
E N, Expected + 26 3 E E|
£ . q 10 =
L . — Observed limit ] 10° E_ 3
1025 = Zissu E E|
E 1.5F -
E (] E b 3
L % " k|
10° £ ATLAS Preliminary 8
F 1s=13TeV,3.2fb" W E
L Z'T’e“ . . . ‘ ‘ 200 300 400 7000 2000 3000
0o 115 2725 3 35 m,, [GeV]
Model Expected Limit [TeV] | Observed Limit [TeV]
Z' SSM 3.19 3.01
QBH ADD n=6 4.62 4.54
QBH RS n=1 2.56 2.44
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Hadronic final states (jets)

\ *di-jet

*di-jet with b-tagging
*multijet
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%) E T T
€ F ATLAS
210° -1
o E \s=13TeV, 3.6 fb
F « Data
R . L e Background fit
At least two jets with p; > 440 (50) GeV. 10 — BumpHunter interval
F —o-q,m =40TeV
q
Search variable: mass m; of the two 10° o2 QBH (BM), m, =65TeV
leading jets. E
10°E
QCD predicts a smoothly falling dijet mass E q’, 6x3
— model it with power law function: 10 S_E:u(ﬂ/'l)) o
f(z) = py(1 — 2)P2z3, where z = mjj/\/é 13 lFiIIRaS%e: 1.1-7.1TeV
E y*| < 0.

Look for localized excesses wrt. g8 ==
background model. £%om
Di-jet mass resolution: 2-2.5% 2 JES Uncertainty ' . t

Q.Lg = ,,:“a,‘”’ﬂhﬂt +
No significant deviation observed. e s bbbl

2 3 4 5 6 7
m; [TeV]
arXiv:1512.01530
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http://arxiv.org/abs/1512.01530

Di-jet angular analysis

@ Complementary to di-jet resonance

analysis which does not have sensitivity for

wide resonance.

@ Search variable: invariant rapidity x in
different m; ranges.

yom(E*P) | oo V1=y2
E—p, 2
o= 20y _ glavl

@ Beyond Standard Model (BSM) signal are
expected at large angles wrt. the beam —
at low x.

@ No significant excess observed.

@ New mass region explored: m; > 5.4 TeV
was not reachable for 8 TeV analysis.

J
|
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% [DTheoretical uncertainties
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, ]
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0,04:&.\ - .fjr Lo . =
0.02F 4 ]
\ 1 .
[ T | T
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004 Lo ;W
L] L :
0.02- 1 b
t . t
1 2 3456 10 20 1 2 3456 10 2030
X X
arXiv:1512.01530
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= . . . ; ; ;
2 '} ATLAS. --QBH B, _..7(030)
s [s=1aTevy QB ggg) it ] £ v ‘ ‘
361" L n, =+ ATLAS
Iyl < 0.6 e lr———=Z \s=13TeV, 3.6 "]
10 E —e— Observed 95% CL, upper limit
Expected 95% CL_ upper limit |
102

[ 8% cL, band
[ e5%CL, band

3 107"
—— Observed 95% CL upper limit
- Expected 95% CL upper limit
L 68% and 95% bands 4

|

: 1 = S ‘ ‘
L
_.q" _w Bl =
107" E
m;>3.4TeV |
g 10 12 14 16 18 20
\ \ ATeV]
e s :
Mass [TeV] Mass [TeV] arXiv:1512.01530
Model 95% CL Exclusion limit
Run 1 Observed Observed 13 TeV  Expected 13 TeV
Quantum black holes, ADD 5.6 TeV 8.1 TeV 8.1 TeV
(BLACKMAX generator)
Quantum black holes, ADD .
(QBH gencrator) 5.7 TeV 8.3 TV 8.3 TV
Quantum black holes, RS B ; -
(QBH generator) 5.3 TeV 5.1 TeV
Excited quark 4.1 TeV 5.2 TeV 4.9 TeV
w’ 2.5 TeV 2.6 TeV 2.6 TeV
Contact interactions (1 =+1) 8.1 TeV 12.0 TeV 12.0 TeV
Contact interactions (17 =—1) 12.0 TeV 17.5 TeV 18.1 TeV
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Di-jet with b-tagging

o x A xBR [pb]

@ Similar selection as for di-jet analysis.

@ Signal regions:

o >1 b-tagged jets.
@ 2 b-tagged jets.

@ Background prediction is compatible with
data.

@ Excluded mass limits:

e b*:1.1-2.1TeV
o leptophobic Z’: 1.1-1.5 TeV

@ No such analysis for 8 TeV period.

T T T T T T

F T
- ATLAS — — b model
E  2>1btag —e— Observed 95% CL
\s=13Tev, 32867 777 Expected 95% CL
=+ 1o

FETTT ERE T RERTTTY MI RS M
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e Data

O b* 25TeV

>1 b-tag

o

T
\s=13 TeV, 3.2 fb”'

—— Background fit

T IR

? p-value = 0.87
e
3 E
s E
S
e 0F
2 -1
(2NN
2% P R A I B
1 2 3 5
m; [TeV]
arXiv:1603.08791
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http://arxiv.org/abs/1603.08791

@ At least three jets with p; > 50 GeV and |n| < 2.8
@ Search variable: Scalar sum of jet transverse momenta (Hy) > 1 TeV

@ SM background prediction - smooth fit by data (10 functions tested):
@ is done in low-H; Control Region (CR)
@ is cross-checked in medium-H; Validation Region (VR)
@ is used for SM backgound prediction in high-H, Signal Region (SR)

@ No significant excess observed. arXiv:1512.02586
CR VR SR

3 10 ' : —e_Data2015_ | B T AR T
e 10° ATLAS [ Multijets+tt s ATLAS
— Step 4  t E | }
2 10t I My=25TeV, M, =9 Tevs H I Ldt=301b
21 \s=13TeV, | Ldt=3.01" | fs=13Tev
[ N 23
I n, >3

jet

el vl ool v ol vl d

Data/MC
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Rotating black holes model String ball model
N L) oo S I A A AN ANE = 13¢ T T T N
) E ATLAS CHARYBDIS2 Rotating black holes ® E ATLAS CHARYBDIS2 Rotating string balls ]
B 18F \s=13Tev 95% CL exclusion (n_ 2 3) = E 12F \s-13Tev 95% CL exclusion (n = 6) 3
s E 4 — Observedn =6 1 = F . -+ Expected (n_ > 3) E
125— Ldt=3.0fb gg;;z?‘tlee%nnj E 1= _[Ldt:s.otb — Observed (,;‘2123) =
116 Expected n = 4 3 103_ g,=06 +1c 1
= — Observed n =2 B! E ]
10; ----Expected n = 2 4 F +20 E
oF E
8 E e
E 7_— o
7 E E
F E 6 %
6 — E
1 | 1 1 1 1 5 PRI S S I S S R PRI F—
2 25 3 35 4 45 5 55 ’3 35 4 45 5
M, [TeV] M [TeV]
@ Limits for rotating black holes with @ Limits for String balls with 6 extra
2,4 and 6 extra dimensions are set as a dimensions are set as a function:
function: o string scale (Mg)
o fundamental Planck scale (Mp) o mass threshold (M,,)
e mass threshold (M) @ string coupling (gs)

Almost 4 TeV improvement of limit in My,.
arXiv:1512.02586
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Mixed final states

\> *Iepton and 2 jets/leptons
*2 leptons and 2+ jets
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Lepton + 2 Jets/Leptons

Electron channel Muon channel
Electron channel Muon channel
> 107 T T T T I T > 107 T T T T T
N . it . .
.E ATLAS Preliminary .. aiim Vodel E ATLAS Preliminary 2., Samaanoce
B Wejets W.
8 3217, 15=13 TeV 2t 8 321b", 1s=13 TeV e
> > _—
Mult
‘g S\?\ghll:"(op % Single Top
o . Diboson [ I Diboson
u>.| ——— BH2_n6_Mth6000_MD4000 |_|>_| ——— BH2_n6_Mth6000_MD4000
BH2_n6_Mth7000_MD2000 BH2_n6_Mth7000_MD2000
= =
) | 3 2 [ IE
= N - PR TN
= SRV @ 1freeee gy RN Ny
@ T ¢ SO
o 9 . L A A ) A LW a 9 L L L . ) o
0 05 1 1.5 2 25 3 3.5 4 0 0.5 1 15 2 25 3 3.5 4
Yp ey Yp ey

o Atleast one lepton with p; > 100 GeV. @ The tf, W+jets and Z+jets background

@ Two additional objects (leptons or jets) normalisation are taken from simultaneous
with pr > 100 GeV. fit in background dedicated CRs.
@ Search variable: > p; of all leptons/jets @ Validation Region:
with pp > 60 GeV (3~ pp > 2 or 3 TeV). 1.5<> pr<20TeV.
ATLAS-CONF-2016-006 @ No significant excess observed.
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https://cds.cern.ch/record/2139640

Lepton + 2 Jets/Leptons

LA o

F P =~ Observed (n=6)

[ ATLAS Preliminary —__ expected ((n:s))

. Expected = o,,, (n=6)

00 (— 3.21b", (=13 TeV —— Observed limit (n=4)
o ---- Expected limit (n=4)

= Observed limit (n=2)

---- Expected limit (n=2)

— ATLAS 8 TeV (n=6)

@ Limits for rotating black holes with
2,4 and 6 extra dimensions are set as a
function:

o fundamental Planck scale (M) 9000 1

o mass threshold (My,)
8000

@ Upper limits on the possible contribution of
new physics processes in this class of final 7000
states are set at:
e 121 fbfor > pr >2TeV
e 3.4fbford pp >3TeV 6000

T T T T T

|

PR B vl b b
e aax - 2000 2500 3000 3500 4000 4500 5000
@ Limitin My, is improved by almost 3 TeV. m, [GeV]

ATLAS-CONF-2016-006
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Lepton-jet resonances (2 leptons and 2+ jets)

Muon channel
Electron channel

ATLAS Preliminary « Data

>

8 ATLAS Preliminary ~ + Data S 13 TeV, 321" mt E
S 13 TeV, 3.21b" [ 3 = upjj, SR [IDY +jets

- eejj, SR [IDY +jets E []Diboson
o . [ ] Diboson E S B Single top

5 Fake lepton AIRTY L U LQ 1.1 TeV 4
o Bl Singletop

----- LQ1.1 TeV

107" E o
S 1.5 —— &
218 ek 3 5 1ok 4t
< i g 10 e
s 10t 8 o5 3
Q 05 E 0 500 7000
0 500 7000 mpis [GeV]

mpis [GeV]

@ The tt and DY+jets background
normalisation are taken from simultaneous
fit in background CRs.

@ Inclusive search for a new physics
signature of lepton-jet resonances.
@ 2 electrons (muons) with p; > 30(40)

GeV and 2+ jets with p; > 50 GeV. @ Search variable:

min . . .
. A . : m;q - minimum invariant m f2
@ 2 lepton-jet pairs: invariant mass difference ° Ie;L)(thn-jelt 'I)ail:s invariant mass o

between them has to be the smallest. (32 pr > 600 GeV; m,, > 130 GeV).
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Lepton-jet resonances (2 leptons and 2+ jets)

@ Tested model: pair production of first- and
second-generation scalar leptoquarks (mBRW model).

@ Excluded LQs mass ranges (BR=1):
° myg < 1100 GeV; myq, < 1050 GeV

@ Observed limit is stronger by 50 GeV comparing with
ATLAS Run 1 result.

@ Limits with different values of BR were set as well.

9 TOOOO00C0 - — — — —-LQ ¢ /LQ

1 7

, ~

7
ALQ
| o
E— o N

g 7000000000 — —« — -LQ 1 ~LQ
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1
LQ1LQ1 production, LQ1- eq

T T T

T T
ATLAS Preliminary
813 TeV,821b" 42 0,q, % B + Gy (B=1)
—— observed limit ]
— — expected limit
expected * 1o
expected * 26

All limits at 95% CL

M
600 800

AT .
1000 1200 1400
my o, [GeV]

T T T T T

ATLAS Preliminary 1

F18TeV, 821" 42 0, X B Gy (B=1)

observed limit

— — expected limit
expected * 1o
expected + 26

|

2 All limits at 95% CL

- LQ2LQ2 production, LQ2— uq K

L L L L [T

600 800 1000 1200 1400
myq, [GeV]
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Summary of exclusion limits

Contact Interaction

Extra dimentions

Excited fermions

Gauge bosons

Leptoquarks

Model

X Cl qq9q
X Cl gqee

¥ ADD QBH
¥ ADD BH high 3" p;
¥ ADD BH multijet

* g —qg
* b* — bg

* SSMZ' —
#* SSMZ' — et yuT
* SSM W' — v
# Leptophobic

Z' — bb
*}* Scalar LQ 1% gen
*I+ Scalar LQ 2" gen
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Limit 8/ 13 TeV

Limit
improvement

A:12.0/17.5TeV
A:21.6/23.1 TeV

M,, : 5.82 /8.30 TeV
My, : 5.80/8.20 TeV
My, : 5.80 /9.55 TeV

5.5 TeV
1.5TeV

2.48 TeV
2.40 TeV
3.75 TeV

m_«:4.09/5.20 TeV
my«:-/2.10 TeV

M, :2.90/3.40 TeV
M, :250/3.01 TeV
M, :3.24/4.07 TeV
M, :-11.5TeV

1.11 TeV
- TeV

0.50 TeV
0.51 TeV
0.83 TeV
-TeV

myq: 1.05/1.10 TeV
m; o: 1.00/1.05 TeV

0.05 TeV
0.05 TeV
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Conclusions

v/ Current results on searches for new physics in high-mass fermionic final states
and jets have been presented.

v/ The sensitivity of all searches already exceeds Run 1 results and new mass
regions have been explored.

v" No significant excesses are observed but stronger exclusion limits are set for
various models beyond the Standard Model.

@ The expected ten times higher luminosity in 2016 will allow a deeper exploration of
the 13 TeV regime.
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@ At least three jets with py > 50 GeV and |n| < 2.8
@ Search variable: Scalar sum of jet transverse momenta (Hy) > 1 TeV

@ SM background predicted by data-driven fit-based technique based on 3 regions:
e Control region (CR) - fit background model to data (10 functions tested)
e Validation region (VR) - cross-check that the extrapolation procedure is working properly
@ Signal region (SR) - use fit to estimate amount of the SM background
@ In order to be sure that CR and VR are not contaminated by possible signal - use
bootstrap approach:
@ examine data sets whose size increases by approximately a factor of ten at each step,
starting with a sample whose sensitivity is slightly beyond the Run 1 limit.
o if a search in one step sees no new physics, the possible contributions of signal to the
control and validation regions of the next step are small.

Step 1: 6.5 pb ' Step 2: 74 pb~" Step 3: 0.44 fb ! Step 4: 3.0 b~

TLAS
_I‘Ldt:ﬁ()fh"
E=13Tev
3

ATLAS 1 (TLAS LAS

L ot- 74 Lot-04a’ 5

is=13TeV
>3

5=13Tev 3
ne23
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Lepton-jet resonances

Limits for different assumptions on leptoquark BR

@ Tested model: pair production of first- and e : .
. o
second-generation scalar leptoquarks (mMBRW model). 2 0.9f ATLAS Preiminary /
eV, 3.
G 085 oy imits at 95% oL /
@ Excluded LQs mass ranges (BR=1): So7-
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Lepton + 2 Jets/Leptons

Motivation of analysis selection wrt QBH models

@ Gravitational interaction couples to the energy-momentum tensor rather than
gauge quantum numbers, final states are expected to be populated
“democratically”.

@ It is expected that a significant fraction of final states will contain leptons.

@ Lepton + 2 Jets/Leptons selection enhance the signal strength compared to the
dominant background at the LHC which arises from quark and gluon scattering
processes forming hadronic final states.
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Lepton + 2 Jets/Lepton

Normalization Control Regions

Electron channel Electron channel Electron channel
> > T
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@ The backgrounds predictions were adjusted by the likelihood fit.
@ Scale factors:

o W+jets: 0.81 £ 0.07
o Z+tjets: 1.01 £ 0.08
e (t:0.95+ 0.08
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Theoretical BSM models

K» *Ww’ and Z’ (SSM, E6 GUT)
*Higher-dimensional QBH
*String balls
*Contact Interaction
*Excited quarks
*Leptoquarks
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W' and Z' models

@ Sequential Standard Model (SSM)
e W’ and Z’ have the same couplings to fermions as the Standard Model (SM) W and Z
bosons.
@ Eg Grand Unified Theory
e Eg — SU(5) x U(1), x U(1),
° Z’(QEG) = Z, cos 0, + Z, sin Ok,
o 6 commonly motivated states of Z' namely: Z;,, Zy, Z,, Z/ , Zs, Zy,

@ Leptophobic Z’

o Z' boson does not couple to the leptons.
@ Derived from different scenarios of the E6 GUT.

1]
=~
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Higher-dimensional QBH

@ ADD model - proposed by Arkani-Hamed,
Dimopoulos and Dvali.

@ RS model - proposed by Randall and
Sundrum. QBH signal on top of SM QCD backgound

@ fundamental Planck scale (Mp) - energy

scale at which quantum effects of gravity do /dM;;(pb/ GeV) vs. M;;(TeV)

10 |
become strong.
@ mass threshold (Mj,) - threshold where
black holes start to form. 0.1
@ Ideally, black holes would decay

isotropically to many energetic particles, in 0.6001,

keeping with the prediction of thermal [ aniv:o708.3017
Hawking radiation.

@ Expected black hole signature is low
multiplicity final states (ADD n = 6):

(N) ~ (MM—B;)W (1)
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String balls

In string theory, black holes have a minimum mass below which they transition into
highly excited long and jagged strings — “string balls”.

In summary, the elementary (parton) cross section for string ball/BH production is

g2 M2 arXiv:hep-ph/0108060
S7435 Ms<<MSB§Ms/957
e
o~ W Ms/gs < Mgp < Ms/gg, (2
s
2
1 ( Mgy ) +1 >
— | — M;/gs < Mgy .
M,Z; MP s/ s BH

Mgg (Mgy) is the mass of the string ball (black hole), and we have used o’ = M;Z.
The first two mass ranges lead to string balls, the third to black holes.

13

= T T T El
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Contact Interaction

Non-Resonant Contact Interaction (Cl)

@ Quark and Lepton Compositeness:

o Characteristic energy scale A corresponds to binding energy between constituents
@ 1); gives chiral structure of the interaction

@ Excpect non-resonant deviations in the di-lepton mass spectrum.

2
F Fc
Orot(My) = opy(my) — nij—=+-—
tot (My1) py (Mmy) Nij Az T Al
Cl Lagrangian is used to describe a new interaction or compositeness in the process
gg— e
g 7 ;
L = I [ (Guv,au) (@A) + Nrr (TR 7, GR) (Cry*tg) (3)

+ 7R (QL7,.90) (G t) + 7R (R 7, 9R) GRED)
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Excited quarks

@ Excited quarks are a consequence of quark compositeness models that were
proposed to explain the generational structure and mass hierarchy of quarks.
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Leptoquarks

@ LQs possess non-zero baryon and lepton numbers;
their existence would provide a connection between quarks and leptons.
@ LQs carry a colour-triplet charge and a fractional electric charge.

@ The signal benchmark model in the analysis is the minimal
Buchmdller—Ruckl-Wyler model (mBRW).

@ Lepton number and baryon number are separately conserved to prevent fast proton

decay.

@ The LQ couplings are also considered to be purely chiral.

@ LQs belong to three generations (first, second and third) which interact only with
lepton—quark pairs within the same generation.

@ Lepton-flavour violation is suppressed.
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Other materials

L) *Summary plot of Exotics searches.
%QCD background estimation

Oleksandr Viazlo on behalf of the ATLAS collaboration Searches with high-mass fermionic final states and jets 37/ 24



ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: March 2016 f.C dt =(3.2-20.3) fb! Vs=8,13TeV
Model Ly Jetst ET™ [rdqm) Limit Reference
ADD Gy +&/4 - 21 Yes 32 6.86 TeV/ Preliminary
ADD non-resonant (¢ 2eu - - 208 1407.210
ADD QBH - (q Teu 1 - 203 13112006
ADD QBH - 2j - 36 83TeV 151201530
ADD BH high 5. pr zlep 22 - a2 82TeV 3TeV, 1ot BH ATLAS-CONF-2016.006
ADD BH multjet - =3 - 36 955TeV =6, Mp = 3TeV, 1ot BH 151202586
RST G = (0 2ep - - 203 WM = 0.1 1405.4123
RS1 G = vy 2y - - 203 kiMp =0.1 150408511
BukRS Gk » WW - qaty  1en 10 Yes 32 1.06 Te /M =10 ATLAS-CONF-2015.075
Bulk RS Gk — HH — bbbb - 4b - 32 475-785 GeV. KM =10 ATLAS-CONF-2016-017
Bukk RS gk — tt Ten =1b>102 Yes 203 BR-0925 15050701
2UED/ RPP Tenm =2b>4j Yes 32 Tier (1,1), BR(AGD - tr) ATLAS-CONF-2016.013
SSM 2 t 2en - - 32 |zmas 34TeV ATLAS CONF-2015-070
SSM 2 - 1t 27 - - 195 150207177
Leptophobic 2’ — bb - 2b - 32 |Zmas 1.5TeV. Preliminary
SSM W’ 1y 1eu - Yes 32 |wrmass 407 TeV ATLAS-CONF-2015-063
HVT W' — WZ > g model A 0 e, 1 Yes 32 | Wimass 1.6TeV. ATLAS-CONF-2015-068
HVT W’ — WZ - qqqq model A — 2y - 32 [wmas 1.38-1.6 TeV. STLAS-CONF-2015-073
HVT W' — WH — (vbbmodel 8 1eu  12b,10] Yes 32 [Wrmass 1.62TeV ATLAS-CONF-2015.074
HVT Z' — ZH — whbmodel B e 12b,10] Yes 32 |2 mass 1.76 TeV. ATLAS-CONF-2015.074
LRSM W}, = tb leu  2b01j Yes 203 14104103
LRSM W}, — tb Oe  >1b1J - 208 1408.0886
Clgqqq - 2j - 36 |A 175TeV nu=-1 151201530
Clqqtt 2eu - - 32 [a BATeV =1 ATLAS-CONF-2015.070
Cluutt 2e4(SS) 21b,14] Yes 203 1Cul=1
Axial-vector mediator (Dirac DM) 0 e, =1 Yes 32 g,,,a 25.810.m00) < Lo Gev Proliminary
Axial-vector mediator (Dirac DM) O e.ir, 1y 1j  Yes 32 0.m(x) <10 GeV. Proliminary
ZZyy EFT (Dirac DM) Oe 1451 Yes 32 mm Py ATLAS-CONF-2015.080
Scalar LQ 1% gen 2e 22j - 32 Preliminary
Scalar LQ 2 gen 2y 22j - 32 Preliminary
Scalar LQ 3" gen leu  =1b23) Yes 203 1508.04735
VLQ TT = He + X leu 22b23) Yes 203 Tin (T8 doublet 1505.04306.
VLQ YY - Wb+ X leu =21b23) Yes 203 Yin (BY) doublet 1505.04306
VLQ BB - Hb+ X leu 22b23) Yes 203 isospin singlet 150504306
VLQ BB - Zb + X 223eu  2221b - 208 8in (B.Y) doublet 1409.5500
VLQ QQ — WqWg Tep 203 X
Toiz - We 1eu 203 1503.05425
Excited quark ¢* — gy 1y 1j - 32 4.4TeV only u” and d", A = m(q ) 1512.05910
Excited quark ¢* — g8 - 2j - 36 52TeV. only u” and &', A 151201530
Excited quark b° — bg - 101j - 32 Proliminary
Excited quark b° — Wt torzeu 16,20] Yes 203 151002664
Excited lepton £* 3eu - - 203 1411.2021
Excited lepton v* 3eut - - 203 1411.2021
LSTC a7 —» Wy Teuty - Yes 203 1407.8150
LRSM Majorana » 2eu 2j - 203 m(W) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H=* — ¢¢ 2eu(ss) - - 203 DY production, BR(H* — (1)=1 14120287
Higgs triplet H** — (1 3ent - - 203 O production, BR(H;* — (r)=1 1411.2921
Moncm (non-res prod) Tewn 10 Yes 203 non-res = 0.2 1410.5404
Muli-charged particles - - - 203 DY production,lgl = 5¢ 1504.04188
Magnetic monopoles - - 70 DY production, lg| = 1go. spin 1/2 1509.08059

10 Mass scale [TeV]
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QCD background estimation

* QCD background is evaluated by using data-driven method (matrix
method) since MC is not so reliable.

* Matrix method based on different probabilities of real and fake leptons
for passing “tight” and “loose” selection.

Measureable quantities Truth quantities
» T: passes tight selection * R: real lepton
* L: passes “loose” selection * F: fake lepton

Nt | _|[ er €F Ngr
Np \1 - €R 1 - E€EF NFr
/’

« Efficiency of real leptons: g = Nredl(tight)/Nreal(loose)
« Efficiency of fake leptons: gr = Nfake(tight)/Nfake(loose)
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QCD background estimation

Number of fake Ieptons coming from QCD background can be expressed as:
erNp = I (ep(N+ Nr) — Nr)

Tight selection = Signal selection
“Loose” selection:

@ Electron: Signal selection wo isolation cut and looser electron ID
@ Muon: Signal selection wo isolation cut

Fake Efficiencies are calculated by using jet enriched control region:
@ No Z Candidate (|m; — my| > 20 GeV)

@ Inverted EJ" cut

@ At least one jet with p; > 40 GeV
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