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Ol This talk in a nutshell

@ With Run3 starting, we are still 1n the process of analysing RunZ data
® There are interesting (but still small) discrepancies to watch for)
@ More could come

® Pursuing the search process 1s a must

@ With x2 more data coming at ~ same energy, maximal gain from exploring (also)
new directions

@Alternative data taking could be crucial, to extend our search to the data
that we normally throw away

@ Scouting
® Parking

@® Anomaly detection
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This talk 1IN a Nnutshell

| am focusing on searches today, for lack of time

A lor more happening with Higgs, top, EW, QCD and
Heavy lons




[ little bt of histor

@Run 1 (7 TeV/8TeV) was a
triumphant journey towards
the Higgs discovery

@ In Run 2 we shifted

attention to

new physics,

thanks to energy 1i1ncrease

(to 13 TeV)

@® No discovery reported, but

several analyses reported

3-4 sigma

(local)

excesses that should be

mon1itored

many analy
ongoing

with more data

ses are still

Dark Matter

Leptoquarks

Heavy Gauge Bosons

CMS preliminary

Overview of CMS EXO results

16-140 fb~! (13 TeV)

String resonance N 05=79 1191103947 (2j} 137 fo-!
Zy resonance M 035-4 171203143 (2p+ ly; 2e + 1y; 2§+ ly) 36 fb~!
Wy resonance M 15811 2106.10509 {1j+ 1y} 137 fb~!
Higgs y resonance M 072-325 | 180801257 (1j + 1y} 36 fb~!
Color Octect Scalar, k7 =1/2 N 05-37 191103947 (2j) 137 fb~!
Scalar Diquark N 05-75 1911.039472j) 137 o~!
tt+ ¢, pseudoscalar(scalar, g2, X BR{$-20) > =0.03(0.004} N 0015-0.075 191104968 (3¢, =4t) 137 fb~!
ti+ ¢, pseudoscalar (scalar), g2 x BR{§~21) > =0.03{0.04) N 0.108-0.34 1911.04968 (3¢, =41} 137 !
quark compositeness (¢}, nuss =1 Ko <24 210302708 (21} 140 fb-!
quark compositeness ({f), nuga = -1 Ko =367 2103.02708 (21) 140 fb~!
Excited Lepton Contact Interaction N 02-56 200104521 {2e +2j} 77 fb!
Excited Lepton Contact Interaction N 02-57 | 2001.04521 {2 + 2j) 77 fb!
vector mediator (q§), g, =025, o =1.m, =1 GeV N 035-07 191103761 { = 3j) 18 fb~!
vector mediator {#),g, = 0.1, g = 1.g,=0.01,m,>1 TeV N 02-192 210302708 (2e, 2y 140 fb-!
{axial4vector mediator {(qg), g, =025,Gom =1.m, =1 GeV N 05-28 1911.03947(2j) 137 fb'l
{axial-}vector mediator {xx), go = 025, goee =1.m, =1 GeV N <195 2107.13021(=z1j+ py™) 101 fb~!
{axial}-vector mediator (17).9,: 01lgow=1lg=01Lm,>m,2 N 02-464 210302708 (2e,2p) 140 fb-!
scalar mediator (+t#f), g, =1, gu=1.m, =1 GeV N <029 190101553 (0, 1t + =2j+p7™) 36 fb~!
scalar mediator {fermion portal), A,=1,m, =1 GeV N <15 210713021(=z1j+py™) 101 fb-!
pseudoscalar mediator (+jV), g, =1, Gow =1.m, =1 GeV N <047 210713021 =z1j+ p7'™) 101 fb-!
pseudoscalar medlator(-&tftf).gq:l‘gm=1,n1,=1 GeV N <03 1901.01553(0, Lf + =2j+p7™) 36 fb~!
complex sc. med. {dark QCD), m,, =5 GeV, cTx, =25 mm N <154 1810.10069(4j) 16 fb~!
2 mediator {dark QCD), My, =20 GeV, £, =0.3, @,y =an M 15-51" 2112.11125{2j+ py'™) 138 fb~!
Baryonic Z', g, =025, gow=1.m, =1 GeV N <16 | 190801713 (h +pF™) 36 fb~!
Z' - 2HDM, gr =0.8, g =1, tanf =1, m, = 100 GeV N 05-31 190801713 (h +p7™~) 36 fb~!
Leptoguark mediator, §= 1, 8=0.1, Av owe =0.1, 800 < My < 1500 GeV N 03-06 181110151 {1p+ 1j +p7™) 77 fb!
RPV stop to 4 quarks M 008205527 180803124 2j; 4} 36 fb~!
RPV squark to & quarks o I 0120720 180601058 (2j) 38 fb!
RPV gluine to 4 quarks M | OI=TALY 180601058 (2j) 38 fb~!
RPV gluinos to 3 quarks M 2150 181010092 {6j) 36 fb~!
ADD {j} HLZ, neo =3 M W20 1803.08030 (2j) 36 fb~!
ADD {yy. £} HLZ, ny = 3 " 2900 1812 10443 {2y, 21) 36 fb~!
ADD Gy emission, fe = 2 M <1087 210713021 { = 1j+ py'™) 101 fb~!
ADD QBH {jj}, no =6 M =82 180308030 (2j) 36 fb~!
ADD QBH (e}, meo =4 M 251601 CMS-PAS-EX0-19-014 {ep) 137 fo-!
ADD QBH {eT), neo =4 M 25120 CMS-PAS-EXO-19-014 {eT) 137 fb-!
ADD QBH (1), neo =4 M 2501 CMS-PAS-EX0-19-014 {pt} 137 fo~!
RS Guellt), kM= 0.1 N <4787 2103.02708 (21) 140 fb-!
RS Gaxlyy), kiba = 0.1 M =S4 1809.00327 (2y) 36 fb~!
RS Guxlqd. gg). kMo =0.1 M 0522560 191103947 (2) 137 fb~!
RS QBH (ji}. o =1 M =519 1803.080302;j) 36 fb~!
non-rotating BH, Mo = 4 TeV, neo = 6 N <97 180506013(=7j(t,y)) 36 fb~!
split-UED, =2 TeV 1R 04=28 " 220206075{t +p7™ 137 o~!
3-brane WED gerld + g 999). Ggrar =6, 9y, =3, £=0.5, m{gNm{gec}=0.1 mge) 243" 2201.02140(2j) 137 o-!
excited light quark (qy), fs=f=f'=1,A=m, N [ 1-55 171104652 (y+j) 36 fb~!
excited b quark, fs=f=f=1A=m " I TS0 171104652 fy + j) 36 fb~!
excited light quark (qg), A=m; M i O5Z63)) 191103947 (2j) 137 fb~!
excited electron, fs = f=f'=1,A=m, N i 025=39" 181103052 (y + 2e) 36 fb!
excitedmuon, fs=f=f'=1A=m; N i 025=38 181103052 {y + 2} 36 ﬂ:|':l
WMSM, |V |*=1.0, Viu*=1.0 M 0001-1.43 1802.02965; 1806.10905 (3¢(p,e); =1j+ 2(p, e)} 36 fb!
WMSM, [V Vo P A Ve |* + Vi *) = 1.0 N 002-16 180610905(=z1j+pu+e) 36 fb!
Type-lll seesaw heavy fermions, Flavor-democratic N 01-098 220208676(3t, z4t) 137 o~!
Vector like taus, Doublet N 01-1045 220208676(3t, =4t) 137 fb~!
Veector like taus, Singlet N 0.125-0.15 220208676 (3¢, =4t) 137 fo-!
scalar LQ (pair prod ), coupling to 1* gen. fermions, =1 M <144 181101197 {2e +2j) 36 fb~!
scalar LQ (pair prod ), coupling to 1* gen. fermions, §= 05 N <127 181101197 (2e +2j;e+2j+p7™) 36 fb!
scalar LQ {pair prod ), coupling to 2™ gen. fermions, =1 M <153 180805082 (2p+ 2§} 36 fb~!
scalar LQ {pair prod ), coupling to 2™ gen. fermions, =1 N 08-15 181110151{1p+ 1j+p7™) 77 b1
scalar LQ (pair prod ), coupling to 2" gen. fermions, 8= 05 N <129 180805082 (2p+ 2j; u +2j +p7 ™) 36 fb~!
scalar LQ {pair prod ), coupling to 3 gen. fermions, =1 M <102 1811.00806(2t +2j) 36 fb!
scalar LQ (single prod.), coupling to 1* gen. fermions, §=0,A=1 N 1-16 210713021{=z1j+p7™} 101 fb-!
scalar LQ {single prod.), coupling to 3™ gen. fermions, f=1,A=1 N <074  180603472(2t+b) 36 fb~!
Zo, narrow rescnance N 0.0115-0.075 191204776 (2p) 137 fb~!
Zo, narrow rescnance M 011-02 1012.04776 {2p) 137 fb~!
SSMZ/(H) M 02=51151 210302708 {2e, 21} 140 fb~!
SSM Z'(qg) M 05-29 191103947 (2j} 137 fb-!
Zlq4) M 001-0.125 1905.10331 {1j, 1y} 36 fb~!
Superstring Z,, N 02-46 210302708 (2e,2p) 140 fb-!
LFV Z, BRley) = 10% M 02-5 CMS-PAS-EXO-19-014 (ep) 137 fb~!
LFV Z, BRleT) = 10% N 02-43 OMS-PAS-EXO-19-014 (et} 137 o~!
LFV Z, BRuT) = 10% N 0241 OMS-PAS-EX0-19-014 {pr} 137 o1
Leptophobic Z* N 005-0.45 1909.04114(2j) 78 fb!
SSMW{Tv} N 04-4 1807114217+ p7™) 36 fb!
SSM Wi(tv) N 04-57 220206075{t +p7™) 137 fo~!
SSMW(qg) M 05=36 " 191103947 (2]} 137 -1
LRSM WalpNa), My, = 0.5My, M <5 211203949{2p+ 2j) 36 fb!
LRSM WaleNza), My, = 0.5My, N <47 211203949 (2e +2j) 36 fb~!
LRSM WalTNz), My, =0.5My, " 2357 1811 00806 (27 +2j) 36 fb-!
Axigluon, Coloron, coté=1 N 05-66 | 191103947 {2j) 137 fb~!
" " " " " 1 " L " " " " " " 1 n " " " " " " i 1 i " " i " "
0.1 10 10.0
) R - Moriond 2022
Selection of observed exclusion limits at 95% C.L. {theory uncertainties are not included). mass scale [TeV]
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Let's keep 1N mMuNd...

® Exclusion plots come with assumptions and warnings

® For instance, SUSY limits use simplified models

@ Not a complete model, BR=100% typically assumed, Cross section computed assuming all

other sparticles are decoupled

® The actual exclusion might be weaker

PP — 99, g = bbX?  moriond 2021 pp =~ gg, g —tt X3 Moriond 2021
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Ol Some INteresting excess

® The dijet resonance search - 138 fb'! (13 TeV)
2.5 L P LY L5 LT T Y L 75 R LSRRI B L

identified an excess of a g 250 ‘ - S
few events on the tail i s g -
1 o & /")) e 2
) s /7 mml LL]
® When 1nspected, these % i { { I/j" 1 =
events revealed a common 5L il 4 ol
O {5 7 — -
structure 5 e o] 40 107
) E - Bl
. . > B ml
® two jet pairs, merged e
1nto single jets with 5 . o
M~2 TeV = .
0.5 Diquark: S— yy — (ug) (ug) —
. = 68% and 95% -
® The dijet system had | P contours -
e SPTETETE EPATER O PSR ST UTE O P N BN BT |
mass above 6 TeV T I T
_ - Four-jet mass [TeV]
@ Nothing yet significant,

but something to watch dercie




Ol Some INteresting excess

® The dijet resonance search
1dentified an excess of a

: CMS I et
few events on the tail = ot 349 Toy
Mass = 1.88 TeV
® When 1nspected, these Z)
events revealed a common ~
structure — -
® two jet pairs, merged R

1nto single jets with

Qe
M~2 TeV /

PF Jet 2, =
CMS Experiment at LHC, CERN pt =2.042 TeV Pt 345 Tev

Data recorded: Sat Oct 28 12:41:12 2017 EEST eta = 0.29 =
Run/Event: 305814 / 971086788 phi =-1.27 Mass = 1.86 TeV

® The dijet system had
mass above 6 TeV

Dijet Pair 2:

@ Nothing yet significant, i |
but something to watch .¢ e,-c Rosearen




® Excess seen 1n ATLAS dE/dx analysis. CMS still analysing Run? data

+ will repeat the search 1n Run3
Talk by Julia Gonski @Moriond

Pixel dE/dx Result

- Excess (3.60 local, 3.30 global) in high dE/dx SR (> 2.4) with for target mass hypothesis of 1.4 TeV

- ¥ Cross check of candidate tracks with TileCal and MS time-of-flight variables was consistent with B = 1,
therefore not consistent with LLP hypothesis

» Set limits on gluino, chargino, stau hypotheses
- Max sensitivity for T ~10-30 ns

- Gluino R-hadrons with mass < 2.27 TeV excluded with £ = 20 ns and LSP mass = 100 GeV

SR High-dE/dx [> 2.4] Gluino Exclusion

SR Low-dE/dx [1.8, 2.4]

> 106 rrTrr T T % ! . | ! ! 1 — 3000 T T T T T TTTT] T T T TTTT
() 105 ATLAS Preliminary {(s=13TeV, L=139 b ) 105 ATLAS Prellmlnary is=13TeV, L=1391b % = o L E
g L SR-Inclusive_Low p* > 120 GeV, Inl < 1.8 o 1ot SR-Inclusive_High pi*> 120 GeV, fn| < 1.8 (5 2800 ATLAS Preliminary pp — g g (R-hadron) —
10 M) = 2.2 TeV. mG) = oV (@) = 10 ns o m(@) = 2.2 TeV, m(") = 100 GeV, ©(§) = 10 ns = - _ —1 .
2 L oot tone 0" observea T {QPL i) =18 TeV, @) = 10ms pomenes T 5 ppoof- (8= 13TV, 189107 150 _ 100 Gev =
> —-m(® = 400 GeV, 1@ = 10 ns 7 ~-r-m(E) = 400 GeV, 7(7) = 10 ns £ oocted S - All limits at 95% CL ]
3 102 — Expected . D 10?2 —BXp . 2400 — —
£ 10 < £ 10 < = E
LICJ e LLJ ’ S 22OO: ..... ]
1 2000 :_ ..... _:
10715 o L 10 - .
, N . 1800 =
10 P : P e T e EET - o —— Observed E
10_3 : 10_3 ,:u E ' Lo ! 1600_ _]
11 L [ [ I /] \ AN [ \ AN [ 1400: __________ Observed + 1 o, .
. | T T T | T | | | - [ T T T T | T 1 T TA | T A T T I T T T T | T T T T | '__ __
8 10 + * + D 1O§ + * T -/ Expected + 16, 2]
O 1w +i- a 1;T’h#+ * - ? 10 E
~ 3 - E [ ] E C ]
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https://cds.cern.ch/record/2805254/files/ATL-PHYS-SLIDE-2022-059.pdf

® LHCb anomalies point to breaking of
Lepton Flavor Universality

® In u/e ratio of b-> sl

@ In t/u ration of b -> clv rates

® Confirmation from LHCb at larger
statistics + 1ndependent experiment

BaBar 2012, had. tag
0.440 +0.058 £ 0.042

Belle 2015, had. tag
0.375+£0.064 +£0.026

Belle 2019, sl. tag
0.307£0.037£0.016

Average
0.339 +£0.030

SM Prediction
0.299 +0.003

PRD 94 (2016) 094008
0.299 +0.003

PRD 95 (2017) 115008
0.299 +0.003

JHEP 1712 (2017) 060
0.299 £0.004

EPJC 80 (2020) 2, 74
0.297 £0.003

FNAL/MILC (2015)
0.299+0.011

HPQCD (2015)
0.300 £0.008

BaBar 2012, had. tag
0.332+0.024 £0.018

Belle 2015, had. tag

0.293 £0.038 £0.015
Belle 2017, (hadronic tau)

0.270 +0.035 +0.027 =

LHCb 2015
0.336 £0.027 £0.030

LHCb 2018, (hadronic tau)

0.283 £0.019 £0.029

Belle 2019, sl.tag
0.283+0.018 £0.014

Average
0.295+0.014

SM Prediction
0.254 +0.005

PRD 95 (2017) 115008
0.257 £0.003

JHEP 1712 (2017) 060
0.257 £0.005

PLB 795 (2019) 386

PRL 123 (2019) 9,091801
0.253 £0.005

EPJC 80 (2020) 2, 74
0.247 £0.006

FNAL/MILC arXiv:2105.14019;
—

0.265 +0.013

-+
i
-
0.254 £0.007 +
~-
-

‘ I I I I | I
; R, Belle

1.1 < ¢><60GeV?/c*

R Belle

0.045 < g2 < 1.1 GeV?*/c*

R K Belle

1.0 < ¢ <60 GeV?/c*

R, LHCb 9 fb"
0.045 < g2 < 6.0 GeV?/¢*

R LHCb 9 fb!

1.1<g%><6.0GeV*c*
| | |

1 2 3
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ANd the blggest excltement

O Several Exotic multi-lepton &
1implications at multi-jet signatures

1 (3rd fam.)
high pT 7
® Leptoquarks or LY

@7’

37
@ Lon g de Cay ) 96.5 fb' (13 TeV)
I Il S N R N B B R B B B | I-I I .I | T T 1 | T 1T 1 | [
Cha " nS to '/:'l na 7 Benchmark spectrum m CMS Comblnatlon.of 2017 and 2018
i ' 5 Preliminary " Asymgtc;uc CL_ expected
3.0- mm o' 1L B = 1 std. deviation ]
states wi th 3rd : & §10 - + 2 std. deviation .
Y : m 7 /B S T — Theory prediction -
generation 25—y, £ | + Observed _
y — i D |
particles S p— 2 | _
— I —
: : (C]j;f) | %10-2
. % 15* _N3/E3 1 o : 2
@M1ld excess s | g
1.0+ N>/E- | )
observed (2.80 | —2 2 2
[ | | [ | : 7 g
of significance) e coss s e S oo ©
o - I I | I I | [ I | | [ I | | ] [ | [
Di Luzio, Fuentes-Martin, AG, Nardecchia, Renner; 1 808.00942 810§00 600 700 800 900 1000 _ ::.-'"':E European

VLL mass [GeV]
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LUhat should we expect from Run3

@ Luminosity doubling

----- neutral displaced B BSM
. m— Charged HSCP dilepton M lepton
@ can improve current results by at |, hare i
least sqrt(2) photon
B anything
® can investigate previous excesses disappearing diljl’jf‘;fd
. tr
with comparable datasets e
® New trigger opportunities 2
® Improved algorithms and hardware NS XY
let us do more than 1n the past displaced o, S X displaced
dijet ’o:‘ photon
@® New triggers 1mply new (1.e., v
unexplored) territory, basically | E . nobpictured:
a new expe riment displaced ¥ displaced out-of-time decays
vertex conversion
® For 1nstance, a big push 1n this
direction from long-1ived | wopean

. AL Researc
particle searches HGTC| comer
1] IR
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The ULHC Blig Data Problem

100 I-< evt/

1000 evt/
sec

‘ /N A0 m
evt/sec

@ LHC produces more events than what we can store
@ We then filter them using trigger

® The menu 1s a negotiation between different physics
topics and the rate of the corresponding processes

@® Many studies are trigger Il1mited

13




Example: Dyet resonance searches

@ Most of LHC events have two jets

@ I one wants to look for dijet resonances, a hard cut on jet
energy has to be applied

® For this reason, we cannot keep sensitivity to low-mass resonances

i -1 S\/ i 36 b c13 TeV 1N 2016
S pb’ @7 TeVin 2010 1fo1 @7 TeV in 20N c a8
[ T T | T T T T B ; 10% 1 I I 1 I I 1 1 I l 1 1 1 1 I ) 1 ) ) I ) ) ) 4— ;‘ 104 é_ CIMSI | | | _l§
10* & —e— CMS Data (2.9 pb’ 1) 7 9 i o~ cMs (1.0 ) 1 2 U F ¢ Data =
R Fit - C\D T — Fit - S 10° 5 — Fit =
\ . Q0 1EE . . - ~ =
10° \\ 10% JES Uncertainty - = 5 QcD Pythia-.rCMS Simulation = 3-.— e e ~
B\ QCD Pythia + CMS Simulation 1 g f JES Uncertainty 1 € FE 0 T, ]
102 R\ N Excited Quark N LS, 10 E S (1,'8. TeV) - .- - Excited Quark E S, 10 = E
E —__ String s =7 TeV § _8 2 - - - String Resonance 3 _8 1 é— —é
< I \ i 10° E - LT .
E 10 & N N nl<25&|An<13 = - _,d:.(}STeV)\ S (2.6 ToV) 5 10 B =
< ~ \ v = Il : \'\ PR . ~ .
3 L > \S ey - 10° e . 10 ~
P E §* (0.5 TeV) \ = = = ,E %2/NDF=389/39=1.0""" 5
S : S o\ ] 10 I 1 10 £ Wide PF-jets +—§
B 10 SRR - 3 E - m. >1.25 TeV 3
O 10 = “*I >~ S(2TeV) 3 = \l§=7TeV a (23TeV) - 107 g—lnij<2.5, Anl < 1.3 ’
I S — _ Il N = L AT B BT
102:_ 3 ._/ \) _ 10-5Er Il <2.5, |[Anl < 1.3 —E A_Z\ aF —
= = T R \ = - Wide Jets = L"f c oL _
I - Bk Z o - 1 L|S  qE ]
10° & q* (1.5 TeV) | O | ST o :
= = < Tlo _qf 5
: = & Qlc —F .
10 L -4 & =t ;12 'g— E
. bbb 3§ 7000 1500 2000 2500 3000 3500 400C i} Al
500 1000 1500 2000 Dijet Mass (GeV) D et TeV
jet mass [TeV

Dijet Mass (GeV)



The Scouting Streams

1000 evt/sec,
100 K evt/ 1 MB/evt
: : I /
SF /om N ‘ 1/100 the
evt/sec 96< ’@Q events size
<,<\9 xS more events

@ Trade-off between # of events & event size

@ewrite HLT objects (four-momenta, etc..) rather than full
event content

@ write many more events (essentially HLT passthrough,
limited by L1)

15



Bl DiJet Scouting Streams

@ D1jet Data Scouting

strategy 1n Run? used two

tiers AU.

HT > 250 GeV: Scouting with calo-jets |

Calo Scouting : : i '
* » Peak rate: 3.8 kHz (too high for parking) §
, , VU 3 PF Scouting . . . - j

@A PF-scouting stream, % ‘" T HT (GeV)
going as down as HLT — e B ot o)

250 GeV 450 GeV 800 GeV

let us run the PF 4

se q uence M ore com p 7 ex mtﬁ,gzﬂ? g:e7seggscunr:2e sa-1 Lowest unprescaled HT trigger
event content and more

flexibility

(substructure, etc)

@A calo-scouting stream
with minimal event
content, to go as down
as possible (l1imited by
L1 trigger)

16



DiJet Scouting Streams

CMS preliminary 18.8 fb™1 (8 TeV)

l| CDF RUN |

ATLAS 1 fb~?
(with Gaussian
resonance shapes)

CMS 20 fb™?

@20.3 fb?
sallssian

CMS 18.8 fb* observed (data scouting)
--- CMS 188" expected (data scouting)

+1o CMS data scouting
+20 CMS data scouting

0 1000 2000 3000
M, (GeV)
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[More than dyet

® Same approached fol lowed CMS-EXO-17-030 3591 (13 TeV)

for Other fina] States E1O4II|III|IIIIIII | L | L | L L llllllllll
[} CMS
. . Q408 .
@mu7t7p7e jet resonances X 95%CLOupperI|m|ts
. . o) —e— (Observed
(e.g., trijet 1n 102 ... Expected
B + 1 std. deviation
. + 2 std. deviation
@ jet substructure 10 Theory (boosd. s 6qa)
Theory uncertainty
1 :
OF% Region 1 !
_ 10~ Region 2 E a
® In particular, the use of | s N
PF (with full access to 1072 | ~
individual particles) riegion 4
" _3 N
ShQWEd a great potential, 10 200 400 600 800 1000 1200 1400 1600 1800 2000
which so far was barely Resonance Mass [GeV]
explored

Lalgidehis European
et2e Research

See D. Sperka’s talk at HOW2019 e}' C| counci
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https://indico.cern.ch/event/759388/contributions/3303370/attachments/1815486/2966980/Sperka_CMS_Scouting_JLab.pdf

Ol DiMmuon Scouting Stream

@ Starting 1n 2015, the same i1dea was applied to dimuon events, to
probe light dimuon resonances (prompt and displayed)

@ Similar to LHCb turbostream analysis

® Probed competitive Dark Photon parameter space

_1 s 2
c—(g 1 011 | CMS Online Reconstructed Dimuon Events . ] CMS
8 1 01 0 Preliminary J p_ (1) >3 GeV, n(u) < 2.4, opposite sign 10_3 _ oreliminary
& _—
X s E/ I\ 1 ] electroweak constraints 95% CL
% 10" AN ] 1074 — 90% CL observed
S 107 oS S| ommener 90% CL expected
(2 108 B N | [ 68% expected
s 5 g 95% expected |
Ll>.| 1 O : L1-Trigger Selection Requirements 10 _g
1 04 Z 2u,p, >4.5GeV, <2, 0S, m(2u)>7 GeV ———— 15/7 G E
1 03 : : N >o GeV,:i<1.5, 0S, AR<1.4 : o >45 GeVe,hi<2, 0S, 7<m(21)<18 Ge =
1 02 i I o >o sz: hi<,1.A4, o;, AR<1.4 — i 45 R<1.2 10—6 _E .
o sssoevos . scouting ! full reco.
| L1 1 ll 1 1 1 1 L1 1 II 1 1 1 1 L1 11 I I I I l I | I | I
1 10 10° 11 20 30 40 50 100 200
u* w invariant mass [GeV]
m, (GeV)
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Bl Scouting plans for Run3

® Improved Trigger farm (heavy computing now on GPUs) makes 1t
possible to run PF algorithm on a much larger dataset

® Can use PF scouting on 0O(10K) evt/sec, storing an event
content 1ncluding all PF particles

® Could boost the physics case of the scouting stream

CMS 35.9 fb' (13 TeV)

. . ] — -7
3 0 __llllllllll llllllll Illlllllllllllllllll :l_LHCCurrentreach 10
a U2 H-yy — Observed ” ‘01,2,3 = 10’ q
"’_,O af Bl Exoocted - To ] 30r === LHCI14 300 fb~!
. - Xpected + ] i
X - g B LHC14 3 ab™!
5016 a4 T Expected + 26 _] 10 et _
C ] S Pt 1107
3! =
3 i 1in-5 &
l B 10 g
03! pp—a(yy) this work |-
“ I pp—a(yy) LHC8&13 |
0.1+ " pp-ja(jj) CMS13 |- )
: 110-
b - Z-wa(jj) LEP
0.03 | , I —— 1
07580 85 90 85 100 105 110 0 ¥ 10 GEE | European
7 7 . .;-:-}:.:.‘.'o'.' Research
m.. (GeV) (6] @ TC| counc
=0 See D. Sperka’s talk at HOW2019 2%



https://indico.cern.ch/event/759388/contributions/3303370/attachments/1815486/2966980/Sperka_CMS_Scouting_JLab.pdf
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LHC schedule: Runs and LeSs

LHC

Run 2

EYETS

13-14 TeV
splice
7 TeV 8 TeV Mt:;eoollmm
2011 2012 2013 2014 T
2 x norrenal lumenosty P
ment MOCY by Y __{ t'— ‘ unm
beam plpes experiment ; |
integrated
luminosity

® When we take data, we saturate our computing facilities with the data we
take

® We could take more, but then we don’t have enough computing power

@ During long shutdowns, our CPUs are under-utilised (e.g., for MC
production)

NI Research
' -::::'.erc Council
" e o.o... .. o
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Data Parkin

100 K evt/

—

0 (M
evit/sec

A4

® Since Run 1, we open up the triggers during the last year before a
LS

® We send the events on tape (cheaper than disk) and reconstruct them
during the shutdown

® We target specific physics use cases

® Inclusive/1nvisible Higgs 1n Run 1

........
......

® B physics in Run 2 Jerci

=3




B-phusics Parking

® Saturated available rate with
displaced muon trigger

® Selected ~80% pure sample of BB
mesons

@ one leg biased by trigger

@one leg trigger-selection
free

@® Used to establish a physics
program targeting the LHCb
anomalies

® Studies ongoing

® More to come 1n Run3

— Physics Streams

Fill 7334 HLT rate

Data Parking

<R I B

—— = Run change

— = Prescale change

| | | | i i I
1906 16:26  18:45 21:04 2323 01:42 0401
2018-10-23 14:06:55 to 2018-10-24 04:01:32 UTC Time
SHEFC| o
=4 See D. Sperka’s talk at HOW2019 "%
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HEP searches in LHC ers

@ The first step of the scientific method
consists 1n observing nature

v

Hypothesis
formulation

v

Data
match
prediction?

Communicate Estels European
result ATE R
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CE/RW
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HEP searches in LHC ers

@ The first step of the scientific method

consists 1n observing nature \1,
] ] Hypothesis
@® In the last 40 years, our starting point has formulation

been the SM (which was put together from ‘1'
experimental 1nformation collected 1n the 70s)

@ We are victim of our success:

v

Data

match
® We have lost the value of learning from data prediction?

Communicate 3555 | Europesn
result HATC e

® We use data mainly to confirm our hypothesis

@® Not by chance, we totally endorsed blind
analysis as the ONLY way to search

=2/



Learning from Data

® Rather than specifying a signal hypothesis

upfront, we could start looking at our data

first

® Based on what we see (e.g., clustering alike
objects) we could formulate a signal hypothesis

@® EXAMPLE: star classification was formulated on
empirical characteristics

. . . Main-sequence Main-sequence Main-sequence Fraction of all
Effective Vega-relative Chromaticity 1117 17 Tt Hydrogen )
Class . e I mass!' 7] radius!1[7] luminosity[']l’] _ main-sequence
temperature!'ll2] chromaticity!3li“lal (D65)1516II3Ib] . _ lines o
(solar masses) (solar radii) (bolometric) stars(®!
O | =30,000K blue blue =16 Mg =6.6 Rp = 30,000 L Weak ~0.00003%
B | 10,000-30,000 K blue white deep blue white 2.1-16 Mg 1.8-6.6 Rp 25-30,000 Lg Medium 0.13%
A | 7,500-10,000 K white blue white 1.4-2.1 Mg 1.4-1.8 Ry 5-25 L Strong 0.6%
F 6,000-7,500 K yellow white white 1.04-1.4 Mg 1.15-1.4 Rg 1.5-5 L Medium 3%
G | 5,200-6,000 K yellow yellowish white 0.8-1.04 M, 0.96-1.15 Rg 0.6-1.5 Lp Weak 7.6%
K |8,700-5,200 K light orange pale yellow orange 0.45-0.8 Mg 0.7-0.96 Rp 0.08-0.6 Lo Very weak  12.1%
M | 2,400-3,700 K orange red light orange red 0.08-0.45 M <0.7 Ro <0.08 Lo Very weak | 76.45%

@ Afterwords,
(temperature) was understood

the connection to physics properties

=8

Hypothesis
formulation

v

Data
match
prediction?

v

Communicate s
result A
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@) Learning from Anomalies

@ Anomaly detection 1s one kind of data mining technique
® One defines a metric of “typicality” to rank data samples

@ Based on this ranking, one can identify less typical events, tagging
them as anomalies

® By studying anomalies, one can make hypotheses on new physics mechanisms
20 . ‘2 ObjECt ID: 960415

15

10

-10

-15

European

X ':-::‘ eer Research
32 @FC | counci
tever .'.o °v,

=3 Anomaly Score: 4470837



Ol Unsupervised learning

TRAINING DATA OUTPUT GIVING LOSS
MINIMUM

@A training dataset x

@ No target y

2 |

@A model providing an output y at the minimum
of the loss

@A loss function of x and y specifying the task

@e.qg., clustering: group similar objects

together |t
: :-:..e“rc Council
=0 s




Rutoencoders

@ Autoencoders are networks
with a typical “bottleneck”
structure, with a symmetric
structure around 1t

® They go from Rn — Rnr Latent

space
©They are used to Tearn X' Encoder oM | pecoder | X
the identity function as
[ (X))

where f: Rn — Rk and f-1: Rk

— Rn

@ Autoencoders are essential
tools for unsupervised i
S tu d-l eS ', :::-.:ﬂe‘:'.r c Reseafch
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RANnomaly detection

® An autoencoder can reproduce
new 1nputs of the same kind
of the training dataset

® The distance between the
Thput and the output will
be small

@ If presented an event of
some new kind (anomaly), the
encoding-decoding will tend
to fail

@ In thi1s circumstance, the
loss (=distance between
Thput and output) will be
b1gger

] QCD
d W
J Z
107° ] top
’; )
L)
Fny
8 1077
)
Qo
a
l
107° 4 |t "
L
0 500000 1000000 1500000 2000000 2500000

AE Loss

T. Heimel et al., https://arxiv.org/abs/1808.08979
M. Farina et al., https://arxiv.org/abs/1808.08992

European

L eastseenes
BRI LA Research
'_-'.-.'-:.'o.e! c Council
-.'o..........:: ..'
raleeeesis:
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https://arxiv.org/abs/1808.08979
https://arxiv.org/abs/1808.08992

Offline muight be too late

@ With 40M beam crossings/seconds and 1000 stored, we might just
being writing the wrong events

@ I we want to take action on a “plan B” path, this has to happen at
the trigger

1 KHZz
1 MB/evt

33



HFLS4AlTIL: (1M to FPGAHSs

® HLS4ML aims to be this automatic tool

® reads as 1nput models trained on standard DeeplLearning libraries
@ comes with 1implementation of common ingredients (layers, activation functions, etc)
® Uses HLS softwares to provide a firmware implementation of a given network

@ Could also be used to create co-processing kernels for HLT environments

feras Vivado™ HLS
TensorFlow
PyTorch
’ h I 4 I Co-processing kernel '
model ,
compressed HI_S /
model HLS , COMPILER
conversion Custom firmware
design
Usual ML .
software workflow \lf Menior
tune configuration Ca.taplﬂt
I vicivt I Coming Soon
g+ T © onnx

TensorFlow

https://fastmachinelearning.org/hls4mli/

O PyTorch https://arxiv.org/abs/1804.06913 | ewaponn
Ciercu




® Autoencoders can provide
event discrimination for
anomaly detection, even
with the little 1nformation
available at L1

input

encoder decoder
® IS ®
3 2 3
L -~ L
Po(zlx) z Ps(X|2)
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@ The minimal final deliverable 1s a
dataset of anomalous events

@ Could be used to look for
recurrent topologies

® By visual inspections, these o —
“clusters”™ could 1nspire new ey | | EEEE
searches on other (future) !
datasets

@ Not very far away from how our
field used to operate before big-

da ta COmPU t 7 ng SO 7 ut 7 ons tOOk over S

e re et . Research
LR, 29
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Much more than BSIM program

® LHC experiments will deliver much more than this
@ More precise W and top mass measurements

® EFT operator analyses from differential cross section
measurements 1n Higgs, top, and EW processes

® Broader reach to Flavor physics
@ More exiting Heavy Ion physics

@ Stay tuned..
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? (Network compression techniues

before pruning after pruning

® Pruning: 1dentify which
part of the network 1s
really relevant and
remove the rest (makes
network smaller)

pruning
synapses

-->

pruning
neurons

-->

@ Quantization: use Il1mited 0101.1011101010
precision for numerical A L N—
representations (save o Fixed<it, i>
resources)

® Reuse: dilute the network e e tmes o
1nference on multiple
clock cycles, trading off
resource needs for
latency -

ipliers 1 time each ;':'.'.'.:- European
le A @ *®




