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Large Hadron Collider

The Standard Model can be tested by smashing particles at high energies,

e 27 km proton - proton accelerator
== * several experiments studying the collisions
= | * record 13 TeV center of mass energy in 2015!
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Runl e Higgs discovery!

* First physics dataat 7 TeVin 2011 (5.2 fb-l)
* Energyincreased to 8 TeVin 2012 (21.7 fb1)
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* Started running at 13 TeVin end of 2015 (3.2 fb-1)



ATLAS Particle Detector

Tile calorimeters

: LAr hadronic end-cap and
forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transifion radiation fracker

Semiconductor tracker
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ATLAS Particle Detector
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Particle Identification
x

Muon
Spectrometer

Hadronic
Calorimeter

: The dashed tracks
i are invisible to
/ the detector
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Cannot see quarks/gluons
directly in the detector.
Jets are used as a proxy.
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ATLAS Trigger

Hardware-based

* custom boards — | Levell
 simple jets, EM objects, ME_

Cannot write every collision

* no tracking!

| a—todisk!!!
40 MHz l (50 TB/S) Must be smart about what
A 2.5 s events are saved.
100 kHz { (150 GB/s)
High Level Trigger A
i~ seconds
: ¥~ Software-based
: * big computing farm
' » offline-like reconstruction and
libration for calorimeter
1 kHz * (GB/s) ca

Example unprescaled triggers:
* 380 GeVjet (32 Hz)

* 140 GeV photon (20 Hz)

« 110 GeV ME_ (10 Hz)
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* simple tracking




Why Dark Matter?

_Cluster Collisions »

atter 5%

B Measurements

Dark Energy 69%
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Dark Matter Models at the LHC

Two approaches to a benchmark model

Part of Larger Model (ie: SUSY) Simplified Model

( h 55?
p § q

* valid over large energy range * valid only at certain energies (EFT)

* many parameters -« few parameters as possible
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Searching For Dark Matter

Indirect Detection Direct Detection Production at Colliders
DM | SM
0< ’
SM SM SM

Time

- Today
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Mediator-Based Dark Matter Model

gsm gpm

* Common model used by all searches and all LHC experiments
e An (spin ?) mediator (mass mg) couples to Dark Matter (mass mpy)

e Independent couplings to quarks (g.,,) and Dark Matter (gpy)
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Dark Matter Models at the LHC

Two approaches to a benchmark model

Part of Larger Model (ie: SUSY)

P
q %
( B

P

* valid over large energy range

°* many parameters
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Simplified Model

* valid only at “low” energies

* few parameters as possible




Detecting Dark Matter in ATLAS
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Detecting Dark Matter in ATLAS

X =gluon, photon, Higgs...

Require production of mediator in
association with X.

e Dark Matter will have momentum imbalance
in the transverse plane.

* Called Mono-Xsearches
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Early Example of Missing Energy

Nature 159, 694-697 (1947)
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https://www.nature.com/articles/159694a0

Missing Transverse Energy

Eiz@iss =|—pr — Dy —DP7 — Dy —P; | DPr

Hard term: Reconstructed particles with best calibration

Soft Term: From tracks not matched to any other objects
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Sources of Missing Energy (Backgrounds)

* “Real” missing energy
* /->vvisthe largest “irreducible” background (looks like a Z/->DM decay!)
* W-lv where the lepton is not reconstructed
* Laptonic decays of top quarks
* Detector effects
* We do not model every single cable and crack
* Hard to estimate from simulation
* Non-Collision Backgrounds
* Muons created from ineslastic beam-gas interactions with collimators
* Cosmic-rays

e Calorimeter noise
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-27/

Events / GeV

Data / SM

E Physics 290e October 2,2019

Modelling Z-»>vv Background

* Z>uM is the same as Z-»>vv, if you remove the muons!

* Same with W-lv, and has very high statistics.

e
ATLAS ¢ Data2015+2016
Vs=13TeV, 36.1 fo 44445 Standard Model
Z(—pup) Control Reglon B Z(— vv) +jets
p,(j1)>250 GeV, E °>250 GeV B V(> ) +jets

B Z(— ) + jets

10*

10°

Taken from Monte Carlo:

_: wl vl v I||||LLL|_:

102 st _
— el * Ratio between Z-wv vs Z-pp vs W-lv
10
> e * General shape of ME; distribution
! S ?TLA‘TSV . ¢ Data 201542016
@ 5 13 TeV, 36.1 fb” 44444 Standard Model
{0 & ' E W(> py) Control Region -Z(Tvir)ﬂgtse Taken from Data:
3 pT(]1)>250 GeV, E >250 GeV BB V(= Iv) +jets

10°

T BN Z(— 1) + jets . .
12F ] IS - single top * Overall normalization of Z/W processes
{ g 10 [ Diboson
e 10 « Contraint of systematics governing ME;
1 shape via bin-by-bin nuisance parameters
107"

= 11 FE5 Sat + Syst Undoraintion } H
F | e, s S S =
A dse = — — —— e SeEae
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E™® [GeV]




Top Background

Credit: DO b

Events / GeV

Data / SM

10°
10?

10

10t

102

15

0.5

S—
ATLAS
Vs=13TeV, 36.1 fb*

Top Control Region
p,(i1)>250 GeV, ET"*>250 GeV

¢ Data 2015+2016
44444 Standard Model
B Z(— vv) tjets
B W(— Iv) + jets
| Z(— 1) + jets
B i + single top
3 Diboson
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T
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Stat. + Syst. Uncertainties

1000 1100 1200
ET [GeV]

900

* Control Region for all processes with a top quark

* Presence of a single muon

* Require W-like transverse mass mt = \/21?%19%[1 — cos(¢’ — ¢")]

* Presence of b-quark

* Included in the simultaneous fit
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Multi-Jet Background

e Comes from calorimeter effects

e “Truth” distribution of high ME; and low ME; jets is the same

* Estimated using the Jet Smearing Method

1)Take “well-measured” low-ME; jets

2)Smear with jet response function

* Initial estimate from MC (truth vs detector simulated jets)

* Modify using functions by testing on data

* dijet for the Gaussian core

* trijet for the non-Gaussian tails

3)Invert Ad; e cut for normalization
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Non-Collision Backgrounds

* Greatly reduced by very tight “jet cleaning” cuts

* Estimated by inverting cleaning and selecting out-of-time jets

e Also known as the ABCD method

TAG/ : TAG/ TAG E 8\l\\I\ll\l\\llll\l\‘l\||||\\l‘ll\l‘ll\ll\ll\l\ll\
N SR N SR N N BC N N BC % 10 ATLAS Internal —®— SR before Tight cleaning
10 —e— SR after Tight cleaning
10°
[ + 3
-5ns . +5ns 10° R
: 10* .0' ° :..oou""o'
1 %
Tight jet cleaning N ™ SR / we ..
1 102 ..oo. .. °® ...'o
. 0 * .o".. L%
1 *®
: Tﬂ L 4 ’*T??”*
1 1
i i i TAG ' TAG
Invert t'|ghtjet cleaning N N2 “ o
Enhanced in NCB! . eC AT e
i o 075550 15 10 5 0 5 10 15 20 25
: C‘Os Leading jet timing [ns]

Average calorimeter deposition time
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Mono-jet Limits
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Mono-jet Limits
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Mono-photon

= — "t T T
& 10° ATLAS Signal Region > 21 avv)y -
o) E = A W(= Iv)y 3
> 150 GeV “E o' ys=13 TeV, 36.1 fb - inkﬁe IPshmons i
~~ E zavn- LA 1Y LA -%(_) |Ih’ ;
~ S g 10° & = ! - === my/m_=10/700 GeV__|
L > 150 GeV YT — i YR N
No jet with 2 =
<2.37 : =
< .
DD, .<0.4 n| .
1
E) 15 :_' T T T T T T T T T T T ]
% 1 iez//yf//yf//g//;z//yf//yf// - i <
© £
0 05 E

60 180 500 550 540 60 580 300 430 340 360
ET* [GeV]
* Z/W background k-factors estimated via simultaneous fits to Z/W control regions
* Same as in mono-jet! o
* Data-driven estimation for fake photons
* Miss-ID'ed electrons estimated from Z>ee sample misidentified as Z->ey

med

* Miss-ID’ed jets estimated using ABCD method

q X
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/

Mono-photon Limits

e q il
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Higgs is slowly turning from “new particle” into a tool.

Higgs Branching Fractions Z' Embedded inside Type Il 2HDM

MM: 0.0002 W
Zy: 0.0015
yy: 0.0023 7
Z2Z*: 0.026
cc: 0.029 /
TT1: 0.063

gg: 0.082
WW*: 0.214

bb: 0.582

October 2, 2019

m Physics 290e




What are boosted objects?

A hadronically decaying particleX .

at rest can be reconstructed o But if H is boosted, then
using two anti-K_R=0.4 jets. " anti-k_R=0.4 will not be able to
o resolve two separate jets.

S Solution: reconstruct a single large-R jet and look at

R the radiation pattern of the constituents (substructure).
’ * Invariant mass of constituents?
‘ * How many hard prongs?
* How many b-tagged track jets?

L4
L4
L4

L4
°
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Mono+H(->bb)

Resolved
150 to 500 GeV, binned

Merged

one largeR jet,
with 2 btags

one jet >45 GeV >500 GeV

....

.....
No jet wit

R

5 0,7|_ T T T T T T T T T T T T T T T T T ]
= - ATLAS Simulation Preliminary ]
i C ys=18 TeV = =l
- 0'6: Vs ----#---- Resolved 2 b-tag :
L izl —+—— Merged 2 b-tag N
. e —3%— Resolved + Merged 2 b-t =
= r = -

CCJ VR track jets Sl - 7
Q_ = =
o B ]
o 0.3 -
<< C 7
0.2~ -
0.1 —

O: s e et i

*1000 1500

5000 5500 5800
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/ATLAS-CONF-2018-039/

Background Estimation

* Top and Z/W+jet estimated using usual lepton Control Regions

* Multijet background estimated by inverting A, ,r<0.35 cut

* Final fit is in the invariant jet mass (signal = bump at 125 GeV)

3

> ><I1I(')"I"'I"'I"'I'"I"D'I"'I"'I"'"'I"I >60__'|"'|"'I"'I"'I"'I'l')'l"'I"'"""I_
B FARRI t i L BRI t il
8 1l— ATLAS Prellmln?ry ;S;Ie:/h 2l 8 - ATLAS Prellmln?ry ;S:ﬁ/h -
O B Vs=13TeV,79.8 b [ Diboson il o 50— Vs=13TeV,79.8 b [ Diboson |
|5 [ tt + single top i Al C it [ tt + single top i
o 0.8 + [ Z+jets | ey a :ﬁi!f”frsg:odé; “’/'ep"’" [ Z+jets ]
c - [ W+ets - 2 40 22_ T [ W+jets i
(] N\ Background Uncertainty I c & XX\ Background Uncertainty =1
> N Pre-fit Background i o 500 g o 184 9 T T Pre-fit Background il
w 0.6 — . mono-h Z-2HDM (x 100) AT 30k — . mono-h Z-2HDM -
= 1400 GeV, m, = 600 GeV _| B3 my, = 1400 GeV, m, = 600 GeV |
oS na = 3750 i r Ogignas = 375 fb .
0.4 ail = N it il
' SR (Resolved) : 0 lepton 20 =
200 GeV < ET™ <350 GeV s -
0.2 o 10 | | i
i B ] ol i
| —‘l_r_.—‘ — =
0 0_ d—l'!‘.‘l-l | 1 I—|—|—|—un——|——-—._|__a_n.|_Ll_El—_‘=l_:
% 1 .5'- T T T T | T T T T | T T T T | % 1 .5 | T T T —:
T esese® WM“M%“Q“M&%\*}\#}i* g I i\\\\\\\\\\\\\\@&%\\i\ \;%\\\§
80'531 g RS ALl 6 A B (AR G B B Sl = 80'531 L1 | Il R ji=t5i | | |_;

50 100 150 200 250 50 100 1 50 200 250
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Mono+H(-»>bb) Limits

Variable Radius jets are a new substructure tool
that modifies jet radius as a function of p_

l| T T T T Illlxl T T I T ITII

1 000 T | | T T | T T T T | T T || | T T {FE | i B Rl | T

= = ] 12

> C = al =Ly C ]
Q - ATLAS Preliminar Observed 95% CL i Eo i VR track jets 20 © 1
O, 900 J/5=13TeV, 79 8¥b_1 ==== Expected 95% CL (x10)o = 10 ATLAS Proliminary [ (.11, and +20) I &
= o 79 —-- PRL 119, 181804 - 8 Vs=13TeV, 79.8fb ___ FRtrackjets2b / 2
E 800F h(bb) + ETss: Z+2HDM simplified model = 2= o | Eeias) ey
- tanB=1,97=0.8, m =100 GeV, my = my: = 300 GeV | 9 g s h(bb) + Ef'**: Z’+2HDM simplified model 5 ,Z
700 ; - éé_ © tanf=1,g7-08,m 100GV m=500GeV 4T
- ] x = Yy 4
- 1 W 4§ yy 4=
600 = - -y -
E ’ 2 tie -

B m . e
500 o = — E
S ] D e e e A LA e e
400 .&‘\“ A S 3 EZ 2 = /
L&/ N = o oF E
C =~/ 4 \ ] = SiEE . \ =
A e e L e S e |\\\|\§ [ E 1E e e | o e e e e el S | e e ]

500 1000 1500 2000 2500 3000 1000 1500 2000 2500 3000

mz [GeV] mz [GeV]
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Dijet Resonance Search

Search directly for Z’ via decay into quarks!

Constrains DM model, but does not confirm it.

Three strategies:
* High mass dijet, m;>1 TeV
* Limited by 500 GeV single jet trigger
* Trigger Level dijet, m;>500 GeV
* Limited by 200 GeV Level-1 single jet trigger
¢ * Dijet+ISR, m;>100 GeV

dijet+jet/y . _
* Lower cross-section due to high energy of ISR
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Non-Resonant Background Model

* Data-driven background model

* Model smoothly falling background with a smoothly falling function

2
C()(l . .Cl?)cl xCQ +csInax+tcalnx®+cs lnx

* What functions to use?

* Fitting non-resonant background is an industry in itself!

* Single function, sliding window, decomposition, Gaussian processes...
* How many parameters are enough?

* 3 parameter, 4 parameter, 5 parameter, 6 parameter

* Choice depends on luminosity
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Search Phase - Bump Hunter

® | ; ' ' ETE e -

Algorithm for finding a generic excess g [ X+ 7, >10GY) ATLAS Preliminary |
W g5l W'l <08 \s=13TeV, 155"  _

= . Data =

= — Background fit .

. B — BumpHunter interval |
1)Fit m; spectrum ot ke
2)Locate range with largest
discrepancy (using Poisson 10° -
statistics) - :

) ) . . | p-value = 0.67 ]

* Sizeranging from two histogram bins to half 10% = Fit Range: 169 - 1493 GeV 4
of range o ' ' =

* Refit m; blinded spectrum if local probability
of discrepant region is low

Significance
N o N
z

200 300 400 500 1000
3)Throw toys using background m; [GeV]
model to estimate distribution of
discrepant regions

* Used to gauge the global significance of the
“signal”
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Search Phase - Bump Hunter

Gy i el : ; ; v ]
Algorithm for finding a genericexcess ¢ [ le (Pry>150GeV) — ATLAS Preliminary i
L. 5]
10 E q) T T T T T
Ple. I —
o - o B = B —se—
1)Fit m; spectrum s S
: e ——— . ——
2)Locate range with largest - EEstored SmEES —— ==
discrepancy (using Poisson 10° = — =
statistics) E 107'F e
* Sizeranging from two histogram bins to half 107 : Dt j— i
of range 2 2;— L — e
s 2E, -~ ATLAS Prelimi —
* Refit m; blinded spectrum if local probability £ _2 - Tesv 1;e5|fmb:nary 3
of discrepant region is low 7] 5 X +7y (P i GeV) —
T,y 5
3)Throw toys using background L1 TR N S
model to estimate distribution of 200 300 400 1000
discrepant regions m, [GeV]

Used to gauge the global significance of the
“signal”
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Search Phase - Bump Hunter

Algorithm for finding a generic excess

)
-
c
o
>
L

1)Fit m; spectrum

2)Locate range with largest
discrepancy (using Poisson
statistics)

—

xperiments

* Size ranging from two histogram bins to half
of range

o
1

—

Pseudo

* Refit m; blinded spectrum if local probability
of discrepant region is low

3)Throw toys using background
model to estimate distribution of
discrepant regions

* Used to gauge the global significance of the
“signal”
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Search Phase - Bump Hunter

Algorithm for finding a generic excess

1)Fit m; spectrum

2)Locate range with largest
discrepancy (using Poisson
statistics)

* Size ranging from two histogram bins to half
of range

* Refit m; blinded spectrum if local probability
of discrepant region is low

3)Throw toys using background
model to estimate distribution of
discrepant regions

* Used to gauge the global significance of the
“signal”

o
1

Pseudo

)
-
c
o
>
L

xperiments

10°

—_
o
[\

—_
o

X+ (P, > 150 GeV)

; A e
ATLAS Preliminary j

é_ N | T T T T T
Bles 10 ilET T ' ' R =
BS 8 e ATLAS Preliminary 7
| W] <08 \s=13 TeV, 15.5 fb™ —
= o Data =
= Background fit .
B B — BumpHunter interval _
X
=== o3 o =
= ly. = -
— 1035_ _E :
& ~ p-value = 0.67 \\'\\ |
- 10% &= Fit Range: 169 - 1493 GeV el
Bat T e ' ' i E
[ eiebs =
e 0 .
= -
i " 200 300 400 500 1000
= m; [GeV] ]
E‘...V..l...|IJIIIIII]|JIJJ_|LJJI_§
2 4 6 8 10 12 14

BumpHunter test statistic
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High Mass Dijets

ge— 2l 6

2

S B R IS LN SR
ATLAS Preliminary
Vs=13 TeV, 139 fb
. Data
—— Background fit
—— BumpHunter interval
o G',m_ =40TeV
q’, mq* =5.0TeV

> 440 GeV

* Most energetic event has m;=8 TeV! "= fuae-os
1= FitRange: 1.1-8.1 TeV
LF Iyl<0s6
* Several benchmark models g
« 72W’, g*, quantum black holes é Z_
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-007/

Trigger Level Dijet

> 185 GeV < ATLAS Lo Data, 29.3 10", [y <06
~108 —— Background fit
O R e e e U e e R s BumpHunter interval
g —e— Z', 6 x 500
il 0’ my =750 GeV, g = 0.1

BH p-value = 0.44

* 10° x? p-value = 0.13
BH p-value = 0.6
< O 6 O 3 " x2 p-value = 0.42
) ? ) 19 —=— Data, 3.6 b, [y*| < 0.3

—— Background fit

10* = _E_ E‘L’Jg[))(Hs%rger interval
* 2kHz eventrate, butonly 100 MB/s L ===te
g OF iE
* Rest of ATLAS: 1 kHz eventrate, 1 GB/s output £ o :
»n O :
-2 i_

* About million events in each bin! S0 6o 700 80 1000 2000
* Quite a challenge to fit with a single function

* Lower masses reach with tighter y*
cut
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-20/

Dijet+photon

* Two trigger strategies

* Single photon (150 GeV)
* Photon (75 GeV) + 2 jets (50 GeV)

Events / Bin

—
o
O

Significance

.
o
22}

—
o
N

ATLAS
Vs=13 TeV
Flavour inclusive

I IIIIII|

—e— Data, 76.6 fb™",
combined trigger

- Background fit

e g E —_— Z’, ox 150 :

thE T “15.5 m,. =550 GeV, g =0.1
— 5t ‘E‘*E.Ln e X R q =
= egg 2.3 Xy, BH p-value =0.6 3
T BH p-value = 0.74 u:(‘”'ﬂng_ i ﬂ‘%_ Ll s et
— %2 p-value =0.12 e e, &l
—— = Data, 79.8 fb" e S S =
= single-photon trigger e e,
I Background fit =Ty W
L+ Z,0x150 |
B my. =250 GeV, g = 0.1 -
= ; : ' + + y : b ! =
= . . —— =
Ly e ;
. . . . . . . . 1 =

200 300 400 500 600 700 1000
m; [GeV]

Physics 290e October 2,2019



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-05/

Boosted Dijet+ISR

V)
% 10°
200 GeV/450 GeV U(:é (%D) 14OEI IAITlLlAISI = I | [ e | | =1 I+I l]:);t;l I I = =] _E
Cx % [ (5-13TeV, 36.1fo" EW+jets a
<. £ 120 Wz validation Bl Z + jets =
® = & Jetohannel [ Background est.
% 100:— gl;g statt. uncertt. =
{B soF- g. syst. ; _;
60 —
40
155 GeV photon / 420 GeV jet 20
0
PY ISRCOUId be photon Orjet §4000;|||| |||§|||||+||||| |||||§||| __
* Tries to count number of subjets £,
in signal jet (substructure) 5 opdammgE .
_IIII|IIIilllillllllllllllillll_
o o o o 50 60 70 80 90 100 110
¢ BaCkgrOund eStImatIOn by |nvert|ng Large-R jet mass [GeV]

substructure cuts
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/

Resonance Search Results
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single vy
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-
il T

Axial-vector mediator

Dirac DM
m, =10 TeV, g = 1.0

I 1 1 1
| ATLAS Preliminary

Vs =13 TeV, 3.6-80.5 b

Y + jets
trigger

LI I LI IIII|IIIIIIIII|IIIIIIIII|II
I

July 2019

Ll I | | IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIM

|
100 200

1000 2000

m,. [GeV]

95% CL upper limits
Observed
- == Expected

- Boosted dijet + ISR

3611
Phys. Lett. B 788 (2019) 316

— Boosted di-b + ISR

8051 '
ATLAS-CONF-2018-052

—— Dijet + ISR

7988 7661 '
Phys. Lett. B 795 (2019) 56

Di-b + ISR

79887661 '
Phys. Lett. B 795 (2019) 56

bb resonance
2438&36.11
Phys. Rev. D 98 (2018) 032016

Dijet TLA

3682971 "
Phys. Rev. Lett. 121 (2018) 081801

= ttresonance
36.11b
Eur. Phys. J. C 78 (2018) 565
Dijet
3701
Phys. Rev. D 96, 052004 (2017)

Dijet angular

3701
Phys. Rev. D 96, 052004 (2017)




Summary Plot

— 107 g ; : —
A E s
g = ATLAS Preliminary \ E
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£ 10k i
> E \ - el 3
L F ]
@ [ iR f :
o 104 L resonance_=
I il _ bﬁesonances
= miss ]
10- 4 i EreiX :
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m, [GeV]

— Dijet
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Boosted di-b+ISR; ATLAS-CONF-2018-052

— tf resonance
EPJC 78 (2018) 565

— bb resonance
PRD 98 (2018) 032016

miIss
Er +X
ET**+y; Eur. Phys. J. C 77 (2017) 393
EM*®.+jet; JHEP 1801 (2018) 126
E?'SS+Z(II); PLB 776 (2017) 318
EM*®4V/(had); JHEP 10 (2018) 180

— LUX

Phys. Rev. Lett. 116 (2016) 161302

1 0

s \ : ™ § — Dilepton
S 55 ATLAS Preliminary 2 PLB796(2019)68
=10 TeV, July 2019 B Dijet
[= 39 Dilepton Dilet; PRD 96, 052004 (2017)
8 10 Dijet TLA; PRL 121 (2018) 0818016
© Bl miss
3 10 40 : — ET™+X
: E;”'SS+X EMS4y; Eur. Phys. J. C 77 (2017) 393
\?5 1 0—41 RESSTi ET'**+jet; JHEP 1801 (2018) 126
— NS 3
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1 0_43 = XENON1T
S PRL121(2018) 111302
1074 + — PandaX
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100
{0

Vector mediator, Dirac DM

— DarkSide-50

PRL 121 (2018) 081307

— LUX

PRL 118 (2017) 021303
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s Lo g,=01,9,=001,g =1
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1 0_48 1 1 |
1 10 10? 10°
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The size of excluded region depends on the coupling values and type.

Physics 290e

October 2, 201




Highest Energy Event In ATLAS
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Why Mediator-Based Models?

log+o(0geT / OFT)

T r — T 7
Region | EFT and mediator agree 6
5
S enhanced production at LHC
8 1000 L Hegion 1 due to on-shell mediator 4
8 - N 3
E | »
&
-
Region llI N 0
100 | e B ._1
10 100 1000

Mppn (GeV)
Source: arXiv:1308.6799
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https://arxiv.org/abs/1308.6799
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