Systematics Profiling

“ Systematic uncertainties are propagated through the full
analysis chain to the discriminating distribution

- E.g. we repeat the analysis with jet energy scale shifted up & down
by 10

- Some systematic uncertainties affect shape (jet/lepton/photon
reconstruction efficiency, energy scale and resolution, pr
distributions, background models), others only normalization
(lepton reconstruction efficiencies and momentum calibration,
background normalizations, theoretical cross-sections and

luminosity)

- Systematic uncertainties are treated as nuisance parameters when
fitting signal+background to the data

- l.e. modify signal and background shape

- Can be fixed, or allowed to change

Gustaaf Brooijmans CERN 2016 88



cvents

Systematics Profiling

“* Nuisance parameters tend to be correlated, but
not 100%, among backgrounds

- (Can affect rates, shapes, or both (in any distribution),
and often asymmetric and non-gaussian

¢ Data
- B signal
S0 [] Background 1
- [ ]Background 2
o Toy Example (W. Fisher)
30
20—
- signal Shape Systemat Ic BKgd 2 Shape Systematic
- ] ” g oor
08 —Positive [ & | — Positive
o 8
— . w 04 .
|||||||| l 11 11 I 111 1 I 111 1 I 111 1 l 11 1 1 I 111 1 I 111 1 I 111 1 I —NegatNe g : _Negatlve
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 S 02l
Final Variable é - j_’_’_,_:—\_\—
o OE_
a2 02 “_\_‘_‘_“‘_‘_\_
:
-0.65™ & Ly b.l
na Final v
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 Generate pseudo-experiments (events in bins
according to poisson), then for each experiment vary
nuisance parameters

- Variations in background (& S+B) prediction

- Compare results to data using log-likelihood ratio

* We can maximize likelihood ratio as a function of
nuisance parameters — constrain them

- |.e. use full shape of distribution(s) to see which background
uncertainties are over/underestimated

- Of course limited to size of statistical fluctuations
- Can remove bins with large S/B if needed

- Mostly important if uncertainties lead to similar shape distortions
- Want enough background-rich phase space in fit!

- Even include control regions
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“* Test example:

- Data constructed to disagree with background-only

hypothesis (wrong estimates for background uncertainties)

- But to agree with background-only better than signal+
background

- Improvement quite spectacular (by construction in example)

ATLAS ttH search: arXiv:1503.05066

> 1000 ATLAS —e Data > 1000~ ATLAS —e— Data
[ Systematic Uncentainties Per Bin (%) | O] [ Vs=8TeV,20.3 1" mm tTH (125) 0] [ Vs=8TeV,20.31b" mm ttH (125)
= S L Dilepton ) tilight 2 | Dilepton L) ti+light
@ N ! 1 tt+cc «© | tt+cc
= :_'__‘_|——|_|_‘_‘_'_'_,—l_—|_ > 800?24], 2b B ti+bb = 800?241,2b B tT+bb
E A6 = [ Prefit/ otV = [ Post-fit COtt+V
8 - No Fit o 1 non-tt ] r non-tt
2 1 — L goo & v, Total unc. O gool », Total unc.
12F ~ Bkgd-Only Fit
10  —— Signal+Bkgd Fit 4001 400
sF L
- 200 200—
6 — e —— r
A R g
= 3 1 22 3 1 22 g
2F= — — o 1 o 1250
- " : 1WWW N it anal
o Lo b biaa gl oo daovaa g aadavaalaig ;075 ;075; s +
01 0.2 03 0.4 05 0.6 0.7 08 0_.9 = 65 = (')5:
Bin Index o - oo 400 600 1000 1200 a 7 200 400 600 800 1000 1200
H, [GeV] H, [GeV]
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Fit Results

* Need to compare
starting point and
results

- Pathologies due to lack
of MC stats in some
areas, strong
correlations, ...

% Crucial to design
analysis with good
control regions the fit
can use to address
least understood
systematics

tt+bb normalisation

jet energy scale 1

ti+cC normalisation

tt+bb renormalisation
scale choice m

tt+V cross section

tt+bb shower recoil scheme

jet energy scale 2

light-jet tagging 1

tt+cT ti p, reweighting

b-jet tagging 1

tf+cC top p, reweighting
tf+bb renormalisation scale
jet energy scale 3

light-jet tagging 2

tt+bb PDF (MSTW)

A
-1 -0.5 0 0.5 1

|IIII|IIII|IIII|IIII|

ATLAS \s=8TeV,20.31b", m =125 GeV
/ 7,

=

RN

®
7
7
7
Illlllilllllll.l ,Illllllllillllll
-15 -1 -05 O 0.5 1 1.5
—— Pull (@-Go)/AG

Pre-fit Impact on n

////// Post-fit Impact on p

ATLAS ttH search: arXiv:1503.05066
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All Together Now

ATLAS Preliminary

1 1= 10
- ol AN m; = 350 GeV N ¢ m; = 400 GeV E m; = 450 GeV Status: March 2015
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Presented Differently
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Parity
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V-A is The Problem!

 Violation of parity in weak interactions is The Problem

- What, really, is (weak iso)spin?

< What if the fermion mass scale ~ parity restoration scale?
(and the Higgs mass flows from that)

- Can we then, as a next step, hope to understand relative fermion
masses”?

- BTW, did you notice that inside a generation, the more a fermion
interacts the heavier it is?

‘Eek!” said the Higgs!

< And even the Higgs wants W/Z partners!

) W l6m2
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Parity Restoration: Signals

% Primary signals are (right-handed) W’ (+ Z’)

- Dilepton resonances (Z') offer clean signals, well-understood
backgrounds

- At LHC, some concern about extrapolation of calibration from Z to
very high energies

- Electron/muon resolution improves/degrades with prt
- tt decays visible
- VR IS presumably heavy, W’ may not decay to leptons

- Only dijet or diboson

- It vg lighter than W'/Z’, vg decays become important

“ Note: many kinds of Z’ - review by Langacker

- . | arXiv:0801.1345
- W’/Z" would also require new fermions...
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Z’ Production and Decay

< Production from u, d quarks v TRizzo, hep-phiostotos

" : 10°- : —SjiM
is dominant at LHC f 2
10 o/

- Couplings vary by model

iy L4 1

T n (RS

AT el F B
1L T i
E guil ] 1

E [LIReTs .

T

DS
W1 ﬂl N’L‘r’j

- E.g. for LR symmetric models,

K = gr/gL drives production e T

C[’OSS—S@CUOH (Convolute Wlth 1000 1200 1400 1600 1800 2000 22|00

PDFs) and branching ratios ATL-PHYS-PUB-2005-010
0.2 —

0.18

% Decays somewhat similar to
Z (but almost no BR to light ot

0.1

neutrinos, decays to top

Br(u)
open up), plot assumes vg oo "
heavier o
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Z — ee/pp

0:0 MOSt promls'ng Chaﬂﬂe|82 CMS, J. High Energy Phys. 04 (2015) 025

o - . I2I0.6fb'1 (8 TeV)
S 108 CMS
- Backgrounds very low! £ 1o =h
u>J 10° tt, tW, WW, WZ, ZZ, 1t
y ) i . > [ Jets (data
- “Self-calibrating P -
1
- In ee, at high masses, .

energy resolution w0tg
. 10" 70" 100 200 300 400 1000 2000
dominated by constant i) [GeV]
.t e r m ATLAS, Phys. Rev. D. 90, 052005 (2014)
% 126 | A'II'LASI - Egj?m |
(i Z —ee @ Top quark
- 10 GeV for 1.5 TeV electron o Jra-zan’ o
10° [0z SSM (2.5 TeV)
- Could measure width! i .
‘ 1
% LHC extended Tevatron g
; ; LIt N e eerrbethy il E
reach immediately! § b s :
8 .08 0.1 0.2 0.3 04 05 1 2 mez[Tet/]
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Z' — ee/up

%« Most promising channels:

- Backgrounds very low!
- “Self-calibrating”

- In ee, at high masses,
energy resolution
dominated by constant
ferm

- 10 GeV for 1.5 TeV electron

- Could measure width!

“* LHC extended Tevatron
reach immediately!

Events

Events / GeV

Data/Expected

CMS, J. High Energy Phys. 04 (2015) 025

108 20.6 fb™ (8 TeV)
LI | T
5 CMS
10 ¢ Data
4 ..
10 | | yiz—utu
10° 3 & tw, ww, Wz, 77, =
102 [ Jets (data)

m(up) [GeV]

ATLAS, Phys. Rev. D. 90, 052005 (2014)
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Z' — ee/up

0:0 MOSt promls'ng Chaﬂﬂe|82 CMS, J. High Energy Phys. 04 (2015) 025

20.6 o' (8 TeV uw) +19.7 o’ (8TeV ee)

4
e
S
T
-
I

FCMS ----- Median expected
[ 68% expected

- Backgrounds very low!

95% expected

_k

Q
o
I

- “Self-calibrating”

-
<
&

- In ee, at high masses,
energy resolution L TEe—
dominated by constant M(Gev

.te r m ATLAS, Phys. Rev. D. 90, 052005 (2014)
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~
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Z' — ee/up

0:0 MOSt promls'ng Chaﬂﬂe|82 CMS, J. High Energy Phys. 04 (2015) 025

20.6 o' (8 TeV uw) +19.7 o’ (8TeV ee)

4
e
S
T
-
I

FCMS . - Median expected 7

- Backgrounds very low! B s ot

95% expected

_k

Q
o
I

- “Self-calibrating”

-
<
)

- In ee, at high masses,

o(pp—Z'+X—I1+X) / o(pp—Z+X—I+X)

energy resolution wp T ——
dominated by constant M (GeV

ATLAS, arXiv:1607.03669

term

- 10 GeV for 1.5 TeV electron T S-taTev.azt! : :
- Could measure width! o _
* LHC extended Tevatron
reach immediately!
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Dijets
< SM Background obviously much larger

- But single source

- And opens the door to strongly interacting objects

CMS, Phys.Rev. D 91 (2015) 052009

19.7 b (8 TeV 19.7 fb™' (8 TeV
S\ 10 I TTTT I |||||||||||||||| I TTTT I TTTT I TTTT I TTTT g — 104 E | T T T T | T T T T | T T T T | : T T T | ( : ; I);
) —¢— Data 3 Q - CMS -~ String 3
Q 1 — Fit = ~ 10°Lt - - - Excited quark -
o) 3 g So Axigluon/coloron 3
£ 1w W QcD MC = 5 - “x,s Scalar diquark -
= y = B 4
_g 102 _ JES uncertainty - m = . \lx( _____ W' SSM E
~ -y = — RS ., ] —

5 F o 3 X RN N e Z' SSM

S 103Eg W' (1.9 TeV) Wide jets (R=1.1) 5 10%— . E
104;5 Il <2.5 & Ian] <1.3 g; 1 .;— a:
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= = E E
106 % - - E: E E
- 3 102 =
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Dijets

< SM Background obviously much larger

- But single source

- And opens the door to strongly interacting objects

ATLAS, Phys. Rev. D. 91, 052007 (2015)

U) 9 T T
£ 10°
§ . P ATLAS E 1 03 E T | T T T T | T T T T | T §
5 107 's=8 TeV, [L dt=20.3 b’ 2 - = W .
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2 s c ]
o 10 - _\\ mmmm 68% and 95% bands ]
0
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Scouting

“ Dijet resonances at moderate masses are tough
- Unprescaled single jet trigger thresholds now > 400 GeV
- Below m =1 TeV no sensitivity!
% Both experiments now implement “data scouting”

- Only keep jet information in high level trigger to make events small

CMS, arXiv:1604.08907 ]
| 18.8 ﬂla"'(g Te|V) 19.7I fb! (|8 TeV

| L L L

:
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=

0O ]
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1
Background fit Fit
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-~ o

do/dm; (pb/GeV)
3

Wide jets (R=1.1)
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Angles

875 GeV < m; < 1020 GeV
— \ _______---;-,-jti::t:::i.‘:: 5

=
- %
p)
QCD @ 4
W - Ny
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. . 0 0.3 T B T T
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025 oy eoretic)uncerines e
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QCD “elastic” scatters and 01
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Gravity and Hierarchy

(or: Out of This World?)




Extra Dimensions

“ A promising approach to quantum gravity
consists In adding extra space dimensions: string
theory

- Additional space dimensions are hidden, presumably
because they are compactitied

Source: PhysicsWorld

“ Radius of compactification usually assumed to be
at the scale of gravity, i.e. 108 GeV

- In 90 Antoniadis realized they may be much larger...

Phys.Lett.B246:377-384,1990
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EGADD!’

“ “Large extra dimension”
scenario (developed by
Arkani-Hamed, Dimopoulos
and Dvali): Phys.Lett. B429 (1998) 263-272

- Standard model fields are o G
Conﬁned to a 3_|_1 dlmen8|ona| % .............................
subspace (“brane”) 0

- Gravity propagates in all
dimensions i Bulk

- Gravity appears weak on the

brane because only felt when
graviton “goes through”
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ADD Signatures

“» Edges of extra dimensions identitied
= Boundary conditions
= Momentum along extra dimension is quantized
- Looks like mass to us
- Very small separations — looks like continuum

- Called Kaluza-Klein tower

% Coupling to single graviton very weak, but there
are lots of them!

- Large phase space — observable cross-section

- Impacts all processes (graviton couples to energy-momentum)
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“ Consider processes that involve the bulk (i.e.
gravitons)

- Translational invariance is broken
= Momentum IS not conserved ...

- ... because graviton disappears in bulk right away

< Look for p p — jet/photon + nothing (i.e. I7), or
deviations in high mass/angular behavior in
standard model processes

- Graviton has spin 2, couples to
energy-momentum!
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Monojet

* Not just graviton signature!

- “Hard ISR” to probe dark matter,
compressed SUSY, etc.

- Can getat Z — vvthrough Z = puy, but...

CMS Preliminary
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J.L dt=195fb"

‘e —@®— Data

C I wsiv
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Dark Matter Interpretation

» Effective theory!

N _l I 1 l||l.||I. I I |l||||| I I | R ) B |
€ 10 CMS Preliminary —*— CMS 2012 Vector  —

- Not valid everywhere B B = o CMS 2011 Vector
c 109 &7 — — CDF 2012 =
- Impact of mediator %o-szj:ﬁd‘“g-f’fb - courpzre -
mass, perturbativity B 10%L - L
%10_36:: -~ CDMSII 2011 E

- BoundonAvs.bound & F s

on o

“ Careful when
interpreting

Spin Indeplende

o 1 10 102 1293
- Plots will improve... M, [GeV/c"]
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Warped Extra Dimensions

 “Simple” Randall-Sundrum model:

- SM confined to a brane, and gravity propagating in
an extra dimension

- As opposed to the original ADD scenario, the metric
in the extra dimension is “warped” by a factor
exp(-2kred)

- (Requires 2 branes)

Gp=r
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Graviton Excitations

<« In RS, get a few massive graviton excitations

- Widths depend on warp factor k

- Mass separation = zeros of Bessel function

= Smoking gun!

(BRs also different . Davoudiasl et al., PRD63 075004,2001
s also differen p— —
than Z’: o T
e.g. yy allowed) & 1
a
2
2 10_6
5%
N
=
108
10-10 Lo
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Hierarchies

“ Physics on a curved gravitational background:

< k is the spacetime curvature

\
UV brane — =1 S Rbranc
rE-—
=18
“* Scales aependa on poslitlon along extra

dimensions
- UV brane scaleis Mp; =2 x 1018 GeV
- IR brane scale is Mp ekt ~ 1 TeV if kKL ~ 30

“ If were to localize Higgs on IR brane, naturally get
EW scale ~ 1TeV (from geometry!)
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Flavor

% Interesting variation has fermions located along the
extra dimension

- Fermion masses generated by geometry

- Heavier fermions are closer to IR brane, and gauge
boson excitations as well

- Gauge boson excitations expected to have masses in the 3-4
TeV range (bounds from precision measurements)

- Couple mainly to top/W/Z (1)

- Flavor changing determined by overlap of fermion “wave
function” in the ED

- Nice suppression of FCNC etc.
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Gauge Boson Excitations

< Excitations of the gauge
bOSOﬂS are Very B. Lillie et al., JHEP 0709:074,2007

-3
10 E

promising channels for .

discovery R A *

- Couplings to light .7
fermions are small I o
108 |
- Small production cross- |
sections ool | ; i
_ Large Coup”ng to top’ WL, 1000 2000 3000 4000 sc;oo 6000 7000 g8(500

M;; (GeV)

/L

- Look for tt, WW, ZZ
resonances (that can be
wide)
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Dibosons

% Signature of Randall-Sundrum excitations as

wellas W', Z’ ! !

- Can look for e.g. W = WZ, WH P 7
- Many final state options: Ivll, lvgq, qqgll, ggqq, ... W I
- Three leptons — low background but low branching ¢ 7

ratio: good at low mass where backgrounds are large

- Fully hadronic — high branching ratio but substantial
multi-jet background: good at high mass where cross-
section is lower

T % amias Smuaton W20

. , ’ S Pythia Z' — ff, t — Wb 122

 For high mass W', Z' decay products are *
boosted...ok for leptonic decays, | 100

- ... but hadronic decay products merge: | "

- AR ~ 2m/pt = for pr ~ 500 GeV, AR ~ 0.4, typical jet it 3 1285 0 o o

. pY [GeV]
Slze
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Fully Hadronic Decays

“ Decay hadrons reconstructed as a single jet

- But even if it looks like a single jet, it originates from a
massive particle decaying to two (W, Z, H) or three
(top) hard partons, not one

*», Drawing by F. Krauss
L Ner s .
- If | measured each of the partons in the o U ‘3’,:"'.-,‘ %0 9"
jet perfectly, | would be able to: e LT Wi
~'t:...‘\.‘._ . e :. '.:;.‘. r
“« s PRSI . o ; \ =
- Reconstruct the “originator's” invariant mass + , * 4 3 | 2o
. RSN B
- Reconstruct the direct daughter partons :: :3 . * e ¢ "~.~’-°,;
o ® *e- ' e . ’ ) ;
BUt ....>‘ ) " ’o.-_.,‘,; 2294, .‘:-
- Quarks hadronize = cross-talk Ry
- @—'.o
y . v ,\ ~ -e
- My detector can't resolve all individual y A S
hadrons . ~T I".:"
. 0.. ." ’. .‘ ] . \ L]
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Jet Mass

 Jet mass: invariant mass of all jet constituents

- In principle, close to object mass

- and invariant!

ATLAS, arXiv:1506.00962

| Jet Mass vs pT |

400

For top quarks...

3 022 T = :
G _FATLAS Simulation bulk Ggg = WW (m_=1.8TeV) 7 -
o 0'2:_s=8TeV = 350—
Y o 18E bulk Ggg — ZZ (m_ = 1.8 TeV) E -
) - - 300—
° 016~  |[{]] = e Pythia QCD dijet = -
S 0.14F = 250
o 012:_ IijjI<1.2 E .
5 F |Tl].|<2 = 200
g 0= 1.62 < m; <1.98 TeV = =
0.08F |y >0.45 -4 150~
0.06- +; 1002
0.04 - F
: i sOLs. o
0020 L E =% ATLAS Preliminary
~ A T S e ——— — vl v v by v b v vy v by v by by
% 0.05 015 0.2 025 03 035 0~200 600 800 1000 1200 1400 1600 1800 2000
m; [TeV]
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Subjets

% Jet mass is not sensitive to structure

- Can't tell whether a jet is isotropic or not

“* Expect “blobs” with higher concentration of
energy for jets from top/W/Z decays

Small Jets
inside

0.4 Topo

< Multiple ways of exploiting this....

-kt splitting scales, "mass drop”
J. M. Butterworth, B. E. Cox, and J. R. Forshaw, Phys. Rev. D65 (2002) 096014
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kt Splitting Scales

“ Kk jet algorithm is much better suited to
understand |et substructure than cone:

- Cone maximizes energy in an n x ¢ cone

- Kkt is a “nearest neighbor” clusterer

A ) =min(Eaz’Eb2 ).eazb/pTz(iet) Cone

2
Y scale =\/pT(iet) °y,

% Can use the kr algorithm on jet
constituents and get the (y-)scale at which
one switches from 1 = 2 (— 3 etc.) jets

- Scale is related to mass of the decaying T
particle
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Mass Drop

Boo | | AR

mass drop

BDRS, Phys.Rev.Lett. 100 (2008) 242001

% Introduced to recover L1a s '*L A
(W/Z)H= (W/Z)bb at the LHC Srafnrzizscey [l v
Q

- In boosted regime, Wbb and T,é»

/Zbb backgrounds easier to 5

manage
- But strategy can be used more NN

generically Mook btk
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Grooming

 Decluster (or recluster with small R), and remove soft stuff

ATLAS, JHEPO9 (2013) 076

Clean up soft QCD radiation/connection to underlying event

..(2 0_1 8_ L I T T T | L | T T 1 | 1T T 1T ] 2 | L I LI | T T 1 l T T 1 I 1T T 1 T T 1 ]
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© - - @ 0.12 ... o ~
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O ."-" o ¥ g ' O ; : Lol rfil R B - Iy s ’ '
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Proof of Principle

* W-jets from top quarks

ATLAS, JHEPO9 (2013) 076

> LSRN BN BLELELEY BLEL LN LR NLELELE BLNLELE BLNL > LSRN BN BLELELEY BLEL LN LR NLELELE BLNLELE BLNL
o] 10001~ ATLAS —e— Data 2011 i o] 10001~ ATLAS —e— Data 2011 i
o - .l ww - o - . l Ww -
N . Events containing W — uv fi i g | Events containing W — uv q |
@ 800—+ anti-k, LCW jets with R=1.0 Single top — @ 800 C/ALCW jets with R=1.2 Single top —
3 " Trimmed f_=0.05, R_,=0.3 W—tv+jets ] 3 | Filtered with p=0.67 W —tv+jets |
- p,>200GeV B W—uv+jets . p,>200 GeV B W—uv+jets
> fLat=471"\s=7Tev B Multjet ’ 6001~ (Lat=47f"\s=7Tev [ Multijet 7
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400— - - 400_— - ]
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.- i o e o i
oo o ] . _
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= 1.25 £ = 1.25 =
s 1 FE 8 e e
8 0750 E O 075F §

020 720 60 80 100 120 140 160 180 200 020 720 60 80 100 120 140 160 180 200
Jet Mass [GeV] Jet Mass [GeV]
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Added Benefits

% Pile-up is a big deal at hadron colliders

- Low-pr, “uninteresting” QCD will always have a much
arger cross-section than rare processes we're hunting

[|||1IT||IIIIIIIII|IIIIII |Illlllllllllllllllllllll

;‘ _—I LI T —_ ;‘ __I LI T __
Q 1 60 ATLAS j Ldt=1fb" \s=7TeV A @ 1 60— ATLAS j Ldt=1fb" \s=7TeV 1
S, - Data 2011 1 S, " Data 2011 .
e 140 anti-k, LCW jets with R=1.0 ] o 140—C/A LCW jets with R=1.2 —
“’—E 200<p ' <300 GeV, m|<08 . “—’E © 200 <p <300 GeV, | <0.8 ]
< - e NG jet grooming -a- 1,=0.01,R_, =0. 3 S 20* ) No je})gsrgommg B
120f . £,=0.03, R_, =0.3 ... f,=0.05, R_ =0.3" P e
F om 10y=0.01, R ’=0.2 -ce. 2,=0.03, R ,=0.2 - 1005 e e R
100F - - f.4=0.05, R —0 2 ] N frac . ® o o ® 4
- B - o @
i A & o ®
80 PP S RS 80 e e .
: P K
B "g_""'""".-.o-..-O-"O'"O"- O= AT 60 B
BOF etk b b :
[T Y s R R S O B
L mAmmAmmAm e Am e Amm fAmm Amm Am A Am o fmm A= A= A 40__ ]
40_ o [ =l e ol e e oe ol o ol oo ol oo ol e ol e ol o ol o ol oo ol oe o oe ol " O
- 7] R
20_ - : CE ZXPR ZRFN A0 T 20 A .-.v-w..v....v....v... RN v v_
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|Optimal parameter set/strategy is detector-dependent!
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Many More Technigues

* Whole “jet structure” community exists

- Reports of BOOST workshops a very useful resource:

Boosted objects: A Probe of beyond the Standard Model physics, A. Abdesselam

et al, Eur.Phys.J. 71 (2011) 1661, Jet Substructure at the Tevatron and LHC: New results,
new tools, new benchmarks, A. Abdesselam et al, J.Phys. G39 (2012) 063001

- Direct comparison of multiple taggers, and “groomers”

- More tools have been developed, and also more
extensive non-perturbative calculations of the jet
structure

- Many of the tools available in the fastjet library
(Cacciari, Salam, Soyez)

- http://www.lpthe.jussieu.fr/~salam/fastjet/
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CMS, Phys. Lett. B 740 (2015) 83,3 ¢ -1 (6 7o)

Diboson Resonance Results: CMS

10°

CMS, J. High Energy Phys. 08 (2014) 173
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Diboson Resonance Results: CMS

CMS, Phys. Lett. B 740 (2015) 83,3 ¢ -1 (6 7o)
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Diboson Resonance Results: ATLAS

ATLAS, Eur. Phys. ). C (2015) 75:209
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Diboson Resonance Results: ATLAS

ATLAS, Eur. Phys. ). C (2015) 75:209
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= reduced acceptance
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Decays to VH?

< Both ATLAS & CMS have analyses with b- tags
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Speculating...

¢ Hints for a W’?

It it's WRr it might decay via Vr: Ws — &) — 6(eWy) — £(6(q7))

- Dilepton + two jets final state

CMS, Eur. Phys.]. C 74 (2014) 3149
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And Remember Dijets

ATLAS, Phys. Rev. D. 91, 052007 (2015)

CMS, Phys. Rev. D 91 (2015) 052009
19.7 fb™! (8 TeV)
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And Remember Dijets

CMS, Phys. Rev. D 91 (2015) 052009

ATLAS, Phys. Rev.D.91,052007 (2015) 19.7 fb' (8 TeV)
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= |ntriguing number of 1-2 sigma excesses at ~1.9 TeV (mostly at edge of
Kinematic range):

- 2in ATLAS: all-hadronic diboson, dijet
- 5in CMS: all-hadronic, IlJ, WH diboson, Wk, dijet, dilepton
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Sigma

Comparing Excesses

 Are they all at the same mass?
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Massive, large-R jet
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Results

ATLAS, arXiv:1505.07018
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High Mass tt Event

e e

/ﬁnic | |
=N\ GATLAS

p JA EXPERIMENT

Run Number: 180400, Event Number: 54251178

.
. .

e
e

Date: 2011-04-28 03:33:58 CEST

|

]

I Leptonic top
/ 2 candidate 71N

A &
L '\""\ 7 Leptoréc gt/ / | i
‘. \\ - ' Hadronic top

7

ndi ,
o // candidate -
‘ W9
X |

b tagged jet

Hadronic top
‘ candidate

.; Leptonic top
candidate

140

Gustaaf Brooijmans CERN 2016



Too Short

“ Many topics not or barely addressed

- Long-lived particles, can decay halfway or outside
detector, or get stuck and decay later...

- "Quirks”
- “Lepton jets”
- RPV SUSY

-  Model-independent searches

“ Many new models have signatures that exist in
other models!
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The Future

% Convergence on “thoughts for the next machine”

- Substantial investment = careful weighing of goals

and potential for return on investment
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To Close

“* Proton stability, couplings suggest ~1016 GeV is
an important scale

- Can probe through EDMs, n-n, y = e, ... important!

- Implies fine-tuning, so, new physics nearby?

“* New physics at 2 TeV? S
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Thanks

(and mainly: stay critical of what you’re told!)
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