BSM Results at the LHC

APS DPF 2019

Maximilian Swiatlowski,
for the ATLAS and CMS Collaborations

Enrico Fermi Institute, University of Chicago

ares:| Vit
Ml CatSci | Exco. el
L Tl entia|latuy g

EXPERIMENT




- s \s =13 TeV
— Preliminary

_ Delivered: 156 fb™
. LHC Delivered Recorded: 147 fo™

ATLAS Recorded

(00)
(=)

N
o

Lo)
D
e
©
| -
>
§6O
©
e
o
|_

N
o

uoneiqied gL/2

>
PO

Month in Year

.." . v_ C A ‘: { ?: oS :
.-~,-r~"'~v'.~,_‘_,’r_ » .},_g;_._ “' ] T«_._- - -

fm Run 2:

&N .
July 31,2019




The “end” of the SM,
where quantum gravity

: / takes over
oo MPlanck &8

To first order, the mass of the Higgs is
a free parameter, and can be anywhere

» But the Higgs interacts with other
particles, which affects its mass

4 -—-=- -——— dE = MPlanck
H H H 0

In the SM, this correction should
set the Higgs mass to ~Mpianck

mass scale [GeV]

v [TYEVV

L Mass scale of weak interactions, .
™ electroweak unification But we observe it at 125 GeV!

BSM can stabilize
the Higgs mass

™=Mass scale that binds hadrons
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Atomic Matter We don’t understand the
5% majority of the universe!

Dark Matter
25%

BSM can provide
Dark Matter candidates,
which we could produce

at the LHC

Dark Energy
70%
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| 10,000,000,000 |

Antlmatter

‘Where did the tlny matter/antlmatter asymmetry
that leads to a matter dominated universe arise?
CP violation in the SM is not enough

BSM can explain the matter dominated universe

M. Swiatlowski (UC) 5 July 31,2019



How do we search for BSM physics at the LHC?
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Dijet mass [TeV]

One of the best BSM signatures:

pairs o

Huge dataset e

fjets

nables some of

the best sensitivity yet!

But no hints of new physics...
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What about other particles!?

AL

¥

, Event Number: 1440436043

Run Number: 336852

Date: 2017-09-29 11:44:35 CEST

\

N N \ \ T { i . / / \‘\\\ \h,.\\ \\
l\ >

1
e
A

OSSR RO \ AIN) § 7
A AN

4\\\\

74
7/
/

9,
/

A
\(//
I
aY
0N
K
0‘14

\\\\\&\\Mv\
/.

%

4
2
)
o
7%

7
¥
D
Vs
#o
)

W
T

D (\
Wy
4
%

y

AN
/
I
I

7
i
"‘4

/N

i

'\:j\
73 g

ST
SR WA
&r/’ﬂﬁ!ﬂ‘“ﬂ/’wﬂ‘

N

=7/
T SKY T

A\ i o e
= C el
" 3 £ _ \ P AN
7 M‘Q\\N\\V P :ﬂvdf/ MP’/‘I:»G’V’)/

x y 4'.« 2547 ﬂa& l..!‘" S
AR N e
‘. <AL L WA

7L AN

A SVA
WA //4//4////,/ »'l

WAV AR

at A LD

N
N
=




Searching with Leptons

ATLAS-EXOT-2018-08
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mE 1.2 ,
Iy
300 300 1000 2000 Not better luck here,

ATLAS-EXOT-2018-30 Transverse mass [GeV]

even with the full datasets
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CMS Experiment at the LHC, CERN
Data recorded:' 2018-Aug-13 20:24:00.350720 GMT
Run/ Event / LS: 321219 / 504952772 / 344

What about

more

complicated
sighatures?

~Could this be
dark matter?



SUSY Signatures
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But still no hints, even with full data!

Obs./Exp.
O N Wwh
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-009/index.html

- SSM Z'(21)

SSM Z'(qq)

LFV Z', BR(eu) = 10%

SSM W'(£v)

SSM W/(qq)

SSM W'(Tv)

LRSM WR(£NR), My, = 0.5My,
LRSM WR(TNR), IVINR = O.SI\/’WR
Axigluon, Coloron, coté =1

Heavy Gauge Bosons

scalar LQ (pair prod.), coupling to 15t gen. fermions, B=1
scalar LQ (pair prod.), coupling to 15t gen. fermions, B8 =0.5
scalar LQ (pair prod.), coupling to 2" gen. fermions, B =1
scalar LQ (pair prod.), coupling to 2"d gen. fermions, 8 = 0.5
scalar LQ (pair prod.), coupling to 3™ gen. fermions, B=1
scalar LQ (single prod.), coup. to 3" gen. ferm., B=1,A=1

Leptoquarks

excited light quark (qg), A=mg
excited light quark (qy), fs=f=f=1,A=mg
excited b quark, fs=f=f=1,A=mq
excited electron, fs=f=f=1,A=m{
excited muon, fs=f=f=1,A=m,

Excited
Fermions

quark compositeness (qq), Nurr =1
quark compositeness (££), nurr =1
quark compositeness (qq), Nurr = — 1
quark compositeness (££), nurr = — 1

Contact
Interactions

ADD (jj) HLZ, ngp =3

ADD (yy, ££) HLZ, ngp =3
ADD Gk emission, n=2
ADD QBH (jj), nep =6
ADD QBH (ep), nep =6

RS Gkk(qq, gg), k/Mp = 0.1
RS GKK(H), k/MP\ =0.1

RS Gik(yy), k/Mp = 0.1

RS QBH (JJ), nep=1

RS QBH (eu), nep =1
non-rotating BH, Mp = 4 TeV, ngp = 6
split-UED, u =4 TeV

Extra Dimensions

(axial-)vector mediator (xx), gq=0.25,9pm=1,my =1 GeV
(axial-)vector mediator (qq), gq =0.25,gpom =1, my =1 GeV
scalar mediator (+t/tt), gg=1,gom =1, my=1 GeV
pseudoscalar mediator (+t/tt), gq=1,9om=1,my=1GeV
scalar mediator (fermion portal), Ay=1,my =1 GeV
complex sc. med. (dark QCD), My, =5 GeV, cTx, =25 mm

Dark Matter

Type lll Seesaw, Be =B, =B
string resonance

Other
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Overview of CMS EXO results
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But what's next? .=

4.25

Are we done with

2019-XYZ

BSM at the LHC?

0.3
1.4
1.54

1708.07962 (= 31)
1806.00843 (2j)

P S S SR |

0.1

1.0
mass scale [TeV]

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included).
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Low Hanging Fruit Records



https://kompakt.fm/distribution/labels/low_hanging_fruit

BSM is More Vibrant Than Ever! @

® The low-hanging fruit is mostly gone, but that just means we have to
work harder!

® [et’s take a look at the new methods which are enabling discovery today:

e Squeeze every last drop: reconstruction and machine learning
makes the most of our data

e Rarer than rare: use huge datasets to access tiny signals

e Not your advisor’s sighals: searching for things ATLAS and CMS
weren’t designed for

® My apologies for omitting many interesting and exciting results!

M. Swiatlowski (UC) July 31,2019



Squeeze Every Drop

Or: how advances in reconstruction,
triggering, and machine learning are unlocking
new insights into BSM

M. Swiatlowski (UC) July 31,2019



The Challenge of High pr A

High pt Bosons

Low pt Bosons Measure one jet,

utilize substructure

Measure two, well

resolved jets Extremely High pt Bosons




M(JJ)=4.4 TeV

Run: 338846 ALAS
Event: 2998836394

2017-10-01 21:17:47 UTC EXPERIMENT

 Utilize better/spatial resolution
\ from tracker'to separate energy
~ deposits in the calorimeter!

Enables strongest sensitivity yet
to boosted all-hadronic final states

Jet D, resolution

Events /0.1 TeV

Significance

0.7—

0.6

0.5

0.4

0.3

0.2

/s =13 TeV
anti k; R=1.0, WZ — qqqq
n|<2.0, p*'>200 GeV

ATLAS-HDBS-2018-31

.......

T | T T T T | T T T T
ATLAS Simulation

0.1 TCCs

0 B 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 ]
500 1000 1500 2000 2500

Generated jet pT [GeV]
10* =I5 N N N BN I =
10 ATLAS ¢ Data ;
= s=13TeV, 139 fb" — Fit =
102 --- Fit + HVT model Am=2.0 TeV ]
& --- Fit + HVT model Am=3.5TeV 3
10¢ E
g E
107 g E
> £ WZor WW SR .
10 € 2IDOF = 6.0/4 \
10_3 E. | [ I I O P RS SRR I . |§_

M. Swiatlowski (UC) |7
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HDBS-2018-31/

The Challenge of Branching @

Vector-like tops are a consequence of many BSM models: /#
can explain Higgs mass, etc. 4

But there are a huge number of final states!”

How do you search for all of these efficiently?

M. Swiatlowski (UC) 18 July 31,2019



Multi-Node Tagging

CMS Simulation Preliminary (1 3 TeV) . CMS-B2G-18-005 35.9 fb-1 (1 3 TeV) —1600
= - —— Light Jets =
< 1: — Top Jets \ % 1 CMS | ioa _
%F - —— W Jets | 08 1400 8
0.5" | =
- NN analysis | —[%% £
: 0.6 — 1200 %
o S
- 0.4 1100 §
_0.5—_ 1000'1—3
- 02-1200 1200 1210 1230 1230 -
_1—_IC|MIS'P|?'2IOI|7/|02|7I L 01260 1300 1280 1280 1280 1370 800 ©
-1 -0.5 0 0.5 1 tZ o oz o4 o os i 700
NN, - NN, B(tH)
Train a neural network to Use the NN to search for
distinguish all signal new physics in many
classes from background final states at once

M. Swiatlowski (UC) July 31,2019


http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-18-005/index.html

If we can produce DM Then the mediator should decay
at the LHC like this... back to jets!

But if the Z’ is low enough mass,
we won't trigger the event from the jets!

M. Swiatlowski (UC) July 31,2019



Data Scouting

< I

Trigger limitations
come from
total bandwidth

Total
Bandwidth

Normally, we record
“full events,’ so the
rate gets limited

Total
Bandwidth

But we can reco

events in the trigger, X
and save smaller data

Total
Bandwidth

If you save smaller events, you can save more of them!

M. Swiatlowski (UC) pA July 31,2019



(Data-Fit)
Uncertainty

27 fb' (13 TeV)

| T T T | T | T T T | T T T | T T T |

10° —
- CMS ¢ Data E
10°E — Fit =
104 =
1032_ _E
1025— =
10 - =
(L %2/ NDF = S63/21=10 b
= Wide Calojets L. =
F 049<m <204Tev 7T 3
10™ = Il <25, |AT]|<1 3 - s, =
- T B B B R B =

0.8 1 1.2
CMS-EXO-16-056

Can collect huge datasets

1.4 1.6
Dijet mass [TeV]

0.45
0.4
0.35
0.3

Coupling g,

0.25
0.2
0.15
0.1
0.05

27 fb' & 36 b (13 TeV)

95% CL upper limits
Observed

------- Expected

[ + 1 std. deviation
[ ]+ 2std. deviation

Low : ngh
mass:mass
| | |

Z' mass [GeV]

" Can probe unique physics

phase space by recording

only a portion of the events!

at low mass using this technique!

M. Swiatlowski (UC)
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Extra Radiation

@ g0 ATLAS e Data, 76.6fb", ]
- = {s=13 TeV combined trigger =
. 6o o 0 *2 — Flavour inclusive —E,a‘;kgr?ggd fit .
(O] o —_—r <, —
Photon or jet “initial state 2 [essain, R bev,g =01
= T g BH p-value = 0.6 =
° . 99 — B - =0. -
radiation” can also be used to - o paie =074 @ prlie =022 2
. 10* &= —=— Data, 79.8 fb", B —
trigger the event! = singie-pnoton igger -
— ackground fit S
— Z’, ox 150 “Bg_ -
(P m-20Gev.q -01 ATLAS-EXOT-2018-05 =
o 25 I
oé 2 OE -l"—'-'-i-—l-".-r-'u'rlé
S -2 | e
g 2 -
n O =
-2 . . . . . . R ;
200 300 400 500 600 700 1000
m, [GeV]
> L L L I L L U
@ - CMS ¢ Data i
(L O] Total background
<104 Nonresonant backgrounds  —
; - I Resonant backgrounds 3
2 F Z'\cev — GG, 9, = 1/6 ]
s | S T
g v — 44, =
E I . f d . LIJ1 0% Total gackgrougn% uncertainty __|
ven Iower regions or me lator 2 3
mass can be explored with : :
. 10 g ¢ —
these techniques ~a | L
- $
" 1 11 L
' % s 51 | X '+ 44
I Iy e  SUNENERIL NP SR W W 5 . 'Y
Can even search as low as 10 GeV! z¢¢F et ettt
© 20 40 60 80 100 120 140 160 180 200
mgp(GeV)

M. Swiatlowski (UC)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-027/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-05/

0.05

- mx=1OTeV,gX=1.O \, —

0.04
0.03

In

T T T T I LI I LI IIIIIIIIIIIIIIIIIIIIIIIIIII
’

I I
| ATLAS

:_1“_/r_n_Z =0.15

-----------------

Axial vector mediator
Dirac DM

| !
100 200 1000 2000

the hunt for Z’, new techniques
are taking center stage!

's=13TeV, 3.6-37.0fb™" ;/ /-

ly:,l <0.3 N

UK
1 1 1 1 1 1 1 I | I T | IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII o N

m,, [GeV] 1;

95% CL upper limits

Observed

-=-=- Expected

Dijet 8 TeV

20.3fb~"
Phys. Rev. D 91, 052007 (2015)

Boosted dijet + ISR

36.1fb"
arXiv: 1801.08769

Resolved dijet + ISR (y)

Preliminary, 15.5 o'
ATLAS-CONF-2016-070

Resolved dijet + ISR (j)

Preliminary, 15.5 fo ™'
ATLAS-CONF-2016-070

Dibjet
24.38&36.1 1"
Phys. Rev. D 98 (2018) 032016

Dijet TLA

3.6&29.7"

Phys. Rev. Lett. 121 (2018) 081801
tt resonances

36.1fb"

Eur. Phys. J. C 78 (2018) 565
Dijet

37.0f"

Phys. Rev. D 96, 052004 (2017)

Dijet angular
37.0f"
Phys. Rev. D 96, 052004 (2017)

~Traditional

M. Swiatlowski (UC)
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Rarer than Rare

Or: how huge datasets and clever strategies
are enabling searches for vanishingly
small signals

M. Swiatlowski (UC) July 31,2019



Because many theories predict low cross-section signals!

LPCC SUSY Cross Section WG

o 1E BT | 1 -
— = AL\ =
If you’ve already excluded .=~ 310" S
gluinos and squarks 2 107 1=
— ] 4 8
and stops... = 103
“2 107 1A
/ = f 510°
o 09 =
. . 0 - =10°
Higgsinos and sleptons S :
might still be in sight! IS | , | ]
& & 0 1000 2000 10
SUSY sparticle mass [GeV]
https://twiki.cern.ch/twiki/bin/view/LHCPhyvsics/SUSY CrossSections arXiv:1407.5066
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Higgsinos: The Challenge A

§ . “Classic” SUSY searches
A g . .
£ exploit large mass splittings
' Am
2 ~TeV .. .
| ~Cascades from initial sparticles
§ v X5 . .
| will be high energy,
~0\ “Normal SUSY” lots of missing energy
7
g . % Higgsinos are another story...
“‘ % few GeVI ¢ w {% |
! X1 7

No large mass splitting:
very soft visible particles,

Higgsinos . =
no obvious missing energy

M. Swiatlowski (UC) July 31,2019



Use an ISR jet to boost

the system and trigger /

Then, look for low-mass Z*

Critical to reconstruct leptons

at extremely low pt

New lepton + track regio ’extends

Efficiency

wvents

Signi§cance

sensitivity to even lower masses!

y
« 1 1T 11 111111111111 1t1r 11 11T 1T T 1T T T 1T T T 1T T T 1T T T 1T T T T 11

[ ATLAS Preliminary & Total SM

1: ' 3
0.9 =
O N . e —— =
0.7 Eai =
o6 U [ E
056 O - S

- ATLAS Simulation Preliminary=
0.4 (s=13 TeV E
0.3 E
oob | I Muon 3
0.1 | Electron =

o: 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 H

0 10 20 30 40 50

y Lepton p. [GeV]
ATLAS-CONF-2019-008

Fake/nonprompt . Z(—>1r)+jets Others

B pata ss

E Vs=13TeV, 139 fb

¢ Data Diboson

tf, single top

...
IIIIIIIIII

||||||||||||||||||||||||||||| 1 1 1 1 1 1 1 1
Nmbhooooohooo oo Nmhooooomoo oo oNmhoogovnoogodha oo
RREARE FA®FO T ~AOTO FA®¥ o o K1 IR ] My e
R R N oo cal s sos N s caN ool solsssses
RO BPRSIBU R8N CBERBFRB PR3- N8 ERBB RS frda
SRuw-m [GeV] | SRee-m, [GeV]! SRuwm [GeV] | SRee-m,[GeV] SRuuw-m [Gev]! SReem; SR-m, . [GeV]
Mp-m, ee-my Mp-m, i 158 Mu-m, [GeV] SN Murack €

high-Er'SS low-ET"%, high-Am low-ET"**, low-Am 11T
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-008/

Even Rarer: Staus

> T L L L L L
O 12 [ ATLAS Preliminary ~ tdaa  NSMToa 7
NG - {s=13TeV, 139 fb" Multi-jet Multi-boson -
% 10 SR-highMass Wijets [ Top quark
L?>J) L post-fit W z+jets [ Higgs -
8 - -- mﬁ,zf)=(120,1)eev | %
R Y§§ —ee-mE, ) = : e _E S,
6 &\\\ I (% %) = (280, 1) GeV P
' ] &
* x \ 5 ]
2 E-4--NIN (T E
0 \u |\t\| ! =1 PPNy R :
80 100 120 140 160 180 200 220
my, [GeV]
Staus are an even larger challenge:
incredibly low cross-section!
Effective triggers and the large

dataset enable first substantial
sensitivity at the LHC!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-018/

Di-Higgs is another exciting
new target for the LHC

; Exciting signal: can reveal
T | the shape of the Higgs potential!

Interference between SM
diagrams leads to very low x-sec

But small deviations from the SM can
lead to huge x-sec increases!

30 fb
|

| (SM) K?\
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bbVV

Observed 78.6xSM
Expected 88.8xSM

bbbb

Observed 74.6xSM
Expected 36.9xSM

bbtt

Observed 31.4xSM
Expected 25.1xSM

bbyy

Observed 23.6xSM
Expected 18.8xSM

Combined
Observed 22.2xSM
Expected 12.8x SM

CMS

6 78910

35.9 fb™' (13 TeV)

gg—HH

—e— Observed

- —-- Median expected

I 68% expected
95% expected

20

30 40 506070 100

200 300 400
95% CL on o, /oM

35.9 1" (13 TeV)

95% CL upper limits

Observed

... == =1 Median expected
I 68% expected
[ 95% expected

........................................................
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K= Msm

Many orthogonal channels
can be combined to
increase sensitivity!

Note the use of b-jets: rare
signals mean that high-BR decays
of the Higgs need to be used

Wide range of couplings still allowed!
Even more data still necessary

July 31,2019



Interference in other SM
diagrams lead to similar
vanishingly small x-sec

S
A (VLVL = hh) = = (coy = %)

VBF di-Higgs production
is one example!

First limits on the 4-point
VVHH coupling ™

M. Swiatlowski (UC)

o\ gl PP— HHij) [fb]

ATLAS-CONF-2019-030
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-030/

Not Your
Adyvisor’s Signals

Or: how new reconstruction strategies are expanding
our sensitivity to signals our detectors weren’t
built to measure
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Your Advisor’s Signals L

Muons
Jets
(and b-jets)
Photons
Electrons

M. Swiatlowski (UC) July 31,2019



Heather Russell

displaced
multi-track vertices or kinked tracks

&E‘.

displaced leptons, :>".’= N
lepton jets, / PO

or lepton pairs

multi-track vertices
in muon spectrometer

disappearing

i trackless
low EMF-jets

o®

non pointing
or late photons

-
'O

emerging jets

(meta-)stable
charged particles

N\

M. Swiatlowski (UC)
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Displaced™ "
Vertex -

\ ') X
\\\\\\\
\\\\\\\\

Long-lived particles will
travel an appreciable distance
before they decay

Special algorithms can reconstruct
these “displaced tracks” and look for
displaced vertices

Simulated Signal Event
Top Squark Pair Production

m(t) = 1.5 TeV, 7(t) = 1 ns
t— pj

ATLAS

EXPERIMENT
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p 102 _ Full Muon Selection ———— (m#tf)=(1_7 TeV, 0.1 ns)_§
t : I ?
E - f 1082y /V/AV/// ______ :
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S~ol e A V7
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mOdels Wlth Sma” COUP“ngS = 2.6 15=13TeV, 136 ", Al limits at 95% CL
€ 24 = Expected Excl. Limit (+1,2 6 )
2 oF —— Observed Limit (+1 oﬁgirYy)
Data-driven backgrounds estimate i3
s aF T
1.2 ’
Strongest limits yet on stops! B TN R

M. Swiatlowski (UC)

July 31,2019


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-006/

With extremely small mass
splittings between SUSY particles,
charginos can become long-lived!

Can interact with the first few layers
of the tracker, and then “disappear”

M. Swiatlowski (UC)

Short Track Counts
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html

Can also extend reconstruction using additional information: timing

s CMS Experiment at the LHC, CERN 1 , , / , 7
Data recorded: 2017-Nov-09 06:41:48.855808 GMT / / ’ /s
/

Run / Event / LS: 306423 / 388707708 / 220 /

R

This phton was measured
2 ns after the rest of the
event: could this be BSM?



CMS-EXO-19-005 77 4" (13 TeV)

g E . CMS GMSB SPS8 E
5 W 45 L Preliminary s<re=ss CMS Exp (= 10) 13 TeV y(y) _
 nie s CMS Obs 13 TeV y(y) =

g '\ ! - ATLAS Obs 8 TeV yy .
§ - CMS Obs 7 TeV y T

g 10° E

10° =

Many models (GMSB SUSY, i E

etc.) have long-lived particles e i
decaying to photons :
L L L ||'|r1||’|/|||||||||||||||

¢ » 1?oo 150 200 250 300 350 400 450 500 550 600
These appear “late” compared to

. M. (GeV)
Other energy In the event: use lllllllllllllllllllllllllllllllllllllllllllllIllllllllllll><;1llllll|lll
crystal timing in CMS to search 1001902000200 %00 %0 )
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-19-005/

Conclusions
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Keep Looking!

BSM is extremely well motivated
at the LHC!

Naturalness, dark matter, and

baryogenesis all need answers,
and the LHC could find them

Searches are moving
into a new era: the low-
hanging fruit has been a8 DAy
picked, and the e
challenge is increasing

e

Low Hanging Fruit Records

But new tools, large datasets, and creative reconstruction
mean we can rise to the challenge!
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Thank you!
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Backup
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Data Scouting

23.1%

Main Physics WEB)
@ B-physics and LS (full T8,
@ Express (full EB)
@ Other Physics (full EB)

@ Trigger Level Analysis (partial EB)
Detector Calibration (partial EB)

16.1% Main Physics (full EB)

@ B-physics and LS (full EB)

@ Express (full EB)

@ Other Physics (full EB)

@ Trigger Level Analysis (partial EB)
Detector Calibration (partial EB)

@ Detector Monitoring (partial EB)

Most of the time, record the “full event” when triggered

But for some analyses, we don’t need the full event:
just the jets can be enough to do physics!

If you make the event small, then
you can record a lot more data!
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° ~— E I I I I I 3
Rare signals are an excellent =t A11.AS Internal e D ;
: : E  F/s=13TeV, 139 fo" P
target for machine learning! g ool V5 =13 TeV, 130 1 - e
5 | | | | 105 F SR, SF+DF and no d,, cut HH (x20) ?
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ATLAS uses a DNN to search for
di-Higgs in bbll final state

Machine learning can make this
rarer channel competitive
in the hunt for di-Higgs!

M. Swiatlowski (UC) July 31,2019



CMS Jet Timing




ATLAS WH results ol




