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== The CMS detector evolution in Run 2

Run 2 data taken w/ an evolving detector configuration, in particular
the CMS detector Phase-1 upgrades started during the first Long Shutdown (2014)
and concluded during the Run 2 end of the year technical stops (2019)

SILICON TRACKERS
Pixel (100x150 ym?) ~1.9 m* ~124M channels
Microstrips (80-180 ym) ~200 m? ~9.6M channels

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL

ELECTROMAGNETIC \
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

>

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

Hadron Calorimeter
replaced HPDs—SiPMs in Endcaps in 2018
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Run 2 Physics goals




= Run 2 Physics goals & methods

How ?

simple !
new ideas for
trigger, data processing,
reconstruction and analysis




Run2 Physics goals & methods

34 fb" (13 TeV, 2018)

'/ | e /] 2_ - ) (15 1eV,
Scouting
avoid bandwidth limitations in orderto & qoop e BERE R eesan
access lower prand mass regions v
where trigger rates are (too) high >
0.5% of the full size (\3,
« reduction of event size to O(10kB) §
allows trigger rates of several kHz i 0t e —
O S = e ..
* analysis based on physics objects 10° § e —— s
reconstructed at the High Level Trigger (HLT) — '1 o 1'0 o 1(')2 ;
(dropping RAW data) u* uinvariant mass [GeV]
* needs efficient physics objects reconstruction {DP 201::”0‘55'

90% CL exclusion regions on [m(A’),£% Z peak

and adequate calibration @ the HLT stage,
and validation against full reconstruction -

=, 107
« examples: o
» searches for low-mass resonances 1o |
. ° ° m(A') [GeV ] ]
in both the n-jet and dimuon channels T[S =

7




Run2 Physics goals & methods

CMS Preliminary (13 TeV, 2018, 2.0x10* cm—2s71)

Exotica
Data “Parking”
SUSY
-d CP /o . . . . SM
avol U limitations in prompt reconstruction e
in order to collect more statistics in specific phase-space Top
Muon
B Physics
» store additional datasets [rate of up to 6kHz] Fectron Phatr
using lower trigger thresholds at end of fill Tau
B Tagging B Total Rate
Tracking [ Shared Rate
e delay their processing to times of lower load Caliraion B, B T
. 0 100 200 300 400 500 600 700 800
on the computing system Rate (Hz)
Fl" 7334 HLT rate — Physics Streams — = Prescale change
Data Parking ~ =~ Run change
* needs careful planning taking into account Y o000 1 | { -
data taking schedule and MC production & 5000(-| 11| \"4\ Lo
11 B & |
4008 GL.......| | \r\.,;
, 01 EE | | |
examples: wou T
* sample of 12B events (!) CapE sl - ¥ o
: . | iy T | | F
enriched in - P H
. pix B . v’l?’ —AK 1000';::]._ ......... E .:: — 1!L_'_ ! I I
unbiased B-decays e e Al e T T
o unbiased 0™55:00 18:00 20:00 22:00 00:00 02:00 04:00
CO”eCted W/ ‘7 other side B 2018-10-23 14:06:55 to 2018-10-24 04:01:32 Time

displaced muon triggers tagged 8



Run2 Physics goals & methods
"Machme Learning”

use full power of multiple variables
and reduce need for manual tuning

wide range of state-of-the-art algorithms used
for solving combinatoric problems, regression, and classification
* needs adequate control regions for performance measurements

and (typically) large MC samples O(100M)

« examples:

* "DeepJet” b-tagging, _ ¢ CMS Simulaton Proliminary _ 2016 (13 TeV)
neural networks for the ttH(H->bb) analysis g o ;
|Charged (16 features) x25|- 1x1 conv. 64/32/32/8|— RNN 150 — b g - gzzzgigzi

[Neutral (8 features) x25|— 1x1 conv. 32/16/4]— RNN 50| el ol ,::b _%10_1 i |
|Secondary Vix (12 features) xd| | 1x1 conv. 64/32/32/8|— RNN 50— 100 nodes x5 [ | | g
|Global variables (15 features)| eMS DB-2018/058 9 =

* "DeepCSV” c-tagging, ol ]

for the VH(H->cc) analysis

100067456504 05 08 07 55 05 10
CMS-PAS-HIG-18-031 1299ing efficiency (c)
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e |[HC Run 1 led to
- discovery using decays to bosons
- exclusion of many BSM models and specific parameters phase-space
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== Higgs boson
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e L[HC Run 1 led to
- discovery using decays to bosons
- exclusion of many BSM models and specific parameters phase-space

e LHC Run 2 : unprecedent statistics
- differential cross section measurement

T00-6T1-DIH
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PLB 779(2018)283

PRL 120(2018)231801

PRL 121(2018)121801
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- directly established couplings to 3 generation fermlons
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see Pietro Vischia's talk
see Rainer Mankel’s talk
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e L[HC Run 1 led to
- discovery using decays to bosons
- exclusion of many BSM models

e LHC Run 2 : unprecedent statistics
- differential cross section measurement
- directly established couplings to 3 generation fermions
- provides an interesting challenge : couplings to 2"d generation fermions

Houu <~
u are the easiest object to identify

and measure,

® small BRIH—pp)=2x10* — 0(5-6) evt/fb"
e large backgrounds: Z/y*, diboson, top

e small S/(S+B) regime ~0.2%

5.0 fb" (7 TeV) + 19.8 fb” (8 TeV) + 35.9 fb' (13 TeV)
- CMS —=—  Observed
6 B=8 Expected (background, 68% CL, 95% CL)
= -~ Expected (SMm_ = 125 GeV)

o/osm=2.9 (2.2)

~

5

95% CL Limit on o/cg,,

012¥0 121 122 123 124 125 126 127 128 129 130
PRL 122(2019)021801  MGeV]

see Rainer Mankel'’s talk
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CMS.~ riment at the LHG, CERN ¢
- ded: 2016-May 31 09:26:24.197376 GMT

it/ LS: 274250/ 1058807020 / 543,

wemem Higgs boson

e [HC Run 1 led to
- discovery using decays to bosons 2
- exclusion of many BSM models N
e LHC Run 2 : unprecedent statistics VH(H—cc)event didate in 2016
- differential cross section measurement
- directly established couplings to 34 generation fermions
- provides an interesting challenge : couplings to 24 generation fermions
Hocc
coupling A~A,,
® BR(H—cc)~0.05xBR(H—bb)
* large (hadronic) background [H—bb is background !]
e charm jet ID is highly challenging

Houp «
u are the easiest object to identify

and measure, but :

e small BRIH—-up)=2x104 — 0(5-6) evt/fb
e large backgrounds: Z/y*, diboson, top

. (o) —> I
o small S/(S+B) regime ~0.2% first direct H—cc search in CMS targeting VH production
35.9 fb' (13 TeV) CM n 35.9 b (13 TeV)
[2] F T
- 7L 5.0 1b" (7 TeV) + 19.8 fb (8 TeV) + 35.9 fb! (13 TeV) § af CMS | "4 omsered [ VMOt oL -—
& "ECMS - Observed @b preliminary  Elvaesea [ Wothen Exp.=79xSM
= - C - Single Top I:ln 2
° 6 BB Expected (background, 68% CL, 95% CL) 20 ;"f:ﬂi;’"e‘ zsiets [ VH(Hc0), et Obs.=83xSM
o 5 --- Expected (SMm_=125GeV) F  High purity VH(H->cc) x 100 Z5 S48 Uncertainty ({J
E E ( ) 15F jet mass e}
5 f = | ) 1L
o 4E O-/O-SM 2.9 (2 2 for the merged jets 1 exp.~72xsm E
S Ok 10 Obs.~110xS /
- g m
2 of &
F ad 2L (P
C 171 Exp.=57xSM
0 Obs.=93xSM '&;
e . .f I
: o e s o e 1 s N S, S SRR S
0 \ﬂ 1 : e . . —e— Observed W
120 121 122 123 124 125 126 127 128 129 130 = 05 -H (Eign_”'st;'xnsa,\}'on ----- Median expected =
PRL 122 ( 2019 ) 021801 my, [GeV] 60 80 100 120 140 160 180 20 Obs.=70xSM E Sg:f eXpec:eg
Higgs candidate mass [GeV] o xpecte

0 50 100 150 200
combined results for the signal strength: | 95% CL upper limit on u(VH,H—scc)

upper limit: a/agy =70 (37) @ 95% CL 14
see Rainer Mankel’s talk u(VH, H - CE) = 36f38




qgs boson

. LHC Run 1 led to discovery using decays to bosons
e LHC Run 2 directly established couplings to 3™ generation fermions
e | HC Run 3 will extend sensitivity to physics beyond the SM
e HL-LHC will allow to probe the Higgs self-coupling

non-resonant HH

g(gg>HH) =33.51b

[@13 TeV NNLO+NNLO w/ top mass effects]

is the unique probe of the BEH mechanism

production

- provides access to measurement

of the Higgs self-coupling A

- brings information on the shape

of the Higgs potential
- sensitive to BSM effects

in both the yields and kinematic distributions

CMS supplementary

® Observed

o Median expected

see Amina Zghiche's talk

bbbb -

largest BR, large QCD

and tt contamination

(non-res) JHEPO4 (2019) 112 NEW!
JHEPO1(2019) 040

JHEPOB (2018) 152 NEW!
PLB 781(2018) 244

(res)

large tt cc;hfaminaﬁon, ..... o
BR(202v) = 2.7%

LTI

BR Hh>xxyy good compromise
between BR and
purity

PLB 778 (2018) 101

- bbyy
low branching ratio,
high purity

JHEP 01 (2018) 054

PLB 788 (2019) 7 NEW!

CMS

35.9 fb" (13 TeV)

& bbVV
N P Observed 78.6xSM
R R AN Expected 88.8xSM

104

Assumes SM nggs boson branchlng fractlons

| | | |o-f :
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q ||
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Illll
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bbtt

95% expected

68% expected B
Observed 31.4xSM
Expected 25.1xSM

bbbb
35 9 fb (s TeV . Observed 74.6xSM
| ‘ Expected 36.9xSM
Observed 23.6xSM
Expected 18.8xSM
Combined
Observed 22.2xSM
Expected 12.8x SM

95% CL upper limit on o(pp—HH) [fb]

9

o
<

0

.Rev.Lett.122(2019)121803

9 10 11 12

SM  k,=0
Shape benchmark

678910

gg—HH

—e— Observed

- --- Median expected

I 68% expected
95% expected

22. 2(12 8)XO'5M
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30 40 506070 100 200 300 400

95% CL on o, /oM 15



see Vitaliano Ciulli's talk

- Z boson with charm and bottom

. 03 CMS Prel/m/nary 359fb (13TeV)
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. — . @ 120 3
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2 =
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- high precision top cross sections! Run2: 150 fb”

T_OPjUCW'k ____andproperties

- (NN

o) [T ]
Kk bhysi = M éﬁg‘ﬁﬁé’%\??{\? (lgf:vaevétﬁ”fb) CMS Preliminary May 2019
c  m € e i T
a
tOp quar p yS|CS CMS Ijets 7 TeV (L = 2.3 ™)
o sl v gmgau Hets 7 TeV (L= ssz}fb)
PY M . M "‘6 10 — ? eu8Te 19.7fb
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. C A u =
QCD, electroweak, and BSM physics B F MR nts At oy
- - S [ gRiEhaip
0
* has a very rich experimental programme @LHC 5 | & &RaA0ieEh, -
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top quark physics

* is a key ingredient to probe
QCD, electroweak, and BSM physics
* has a very rich experimental programme @LHC

= Top-quark
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® measure all channels to look for the unexpected

e good agreement w/ NNLO+NNLL calculations

* highest precision: dilepton and I+jets channels ~4%
(similar to theory prediction)

top-antitop event.candidate
in 2018 PbPb collision




- high precision top cross sections

PJUC(I"k and properties

o il - rare processes becoming less rare
top quark physics (some even systematically limited ! )

* is a key ingredient to probe - started to challenge theory predictions
QCD, electroweak, and BSM physics in many respects
. 1 1 [ [ (]
has a very rich experimental programme @LHC significance 2.6 (2.7) ¢
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- sensitive to new physics effects !



CMS Expériment at the LHC, GERN
Data recorded: 2016-May-81 07:08:48.668672 GMT |
Run /Event / LS: 274250 / 379862289 / 189

® B, — MM and By — M branching ratios

measure relative to B* — J/y K* decays
[cancellation of many systematic uncertainties]

Bt -
BR(B; — #"‘#—) — % ?B(B"‘ —>]/1/)K+)B(]/¢ N ‘u"“u‘) CMS Preliminary 20 fb" (13 TeV) CMS Preliminary 16 fb (13 TeV)
NObS tot. "'l"'l"'l"‘i *"'w"'w"'l"'i
£ = 0,252 + 0012 (exp) + 0.015(CMS) _ 10000 e 1= 1000 e
& B - JyK* 3 7] B* > JiyK*
e dataset: Run 1 (7 + 8 TeV) + Run 2 (2016 13 TeV) = [T7) comb. background | - o (] comb. background
o B* = JlyK*X o B* = JlyK*X
e L B B — Jlynt e B B — Jlynt
he decay B is observed w/ ‘
o —_—> 5 L 5
the ecay Ds HH 1S Observed w 2 central g forward
(@] (@]
- a significance : 5.6 (6.5) o , \_
- : % 52 54 56 58 % 52 54 56 58
- a branching fraction : e [GOV] e [GoV]
BR(B; - p*u™) =[2.9+ 0.7(exp) + 0.2(fs/f)]x107° BPH-16-004
_an eﬁective ||fet|me : 40?MS P‘rehn:;rz;y 36 fb (13TeV)+20f:u”(z;TDe;/)+5fb (7 TeV)
— +0.61 FoOON Boptw T
Tyt~ = 1702044 PS i e
30
. . (e . > -
® no 5|gn|f|c§nt' excess is obseryed for the decay By — uu 8 o5t
=> upper limit on the branching fraction : S
BR(B; » p*tp™) <3.6x1071° @95% CL 5 |
previous CMS result : BR(Bg » u*pu™) < 1.1x107° @95% CL & |
10
NN S Vi
2.9 5 541 52 53 5.4 5.5Ill5!éI115.|7III15?EI3I115.9 20

see Valentina Mariani's talk m,., [GeV]



Run /Event / iS: 274250 / 379362289 / 189 \ N
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CMS Expériment at the LHC, GERN
Data recorded: 2016-May-81 07:08:48.668672 GMT
N
Y

® B, — MM and By — M branching ratios

measure relative to B* — J/y K* decays
[cancellation of many systematic uncertainties]

B+
BR(B, » utu™) = % ﬁB(B"‘ > J/WKDB(J /Y » utu) CMS Preliminary 20 fo™' (13 TeV) CMS Preliminary 16 fo™' (13 TeV)
NObS Etot. "'l"'l"'l"‘i *"'N“'l"'l"'i
£ = 0.252 4 0.012 (exp)  0.015(CMS) _ 10000 ot 1= 1000 [ D
& B - JyK* 3 7] B* > JiyK*
e dataset: Run 1(7 + 8 TeV) + Run 2 (2016 13 TeV) = [ 1) comb background | - & (1) comb. background
o B" — JlyK'X S B' - JlyK'X
% L B B — Jlyn+ % 2000 B B — Jlyn+
. £ 5000} 1 e B 5
° 8 i 3
the decay B, — uu is observed w/ : contral | 3 e
(@] (@]
- a significance : 5.6 (6.5) o , \_
- : ) %52 54 56 58 % 52 54 56 58
- a branching fraction : e [GOV] e [GoV]
BR(B; » u*pu™) = [2.9+ 0.7(exp) + 0.2(f/fu)]x107° BPH-16-004
_an eﬁective ||fet|me . 0.8"10? ‘ 36fb"”(13TeV)+20"fb'1(8TeV)+5fb"(7TeV)
T+~ = 1.70705% ps o7t bee
wobs ]
* no significant excess is observed for the decay By — up < o5t
=> upper limit on the branching fraction : [
BR(B; » p*p™) <3.6x10°1° @95% CL ¢ |
previous CMS result : BR(Bg —» utpu™) < 1.1x107° @95% CL ok
0.2
e these results are consistent w/ SM predictions o
and an earlier measurement of LHCb iR B »
0 1 6 7 8

see Valentina Mariani's talk



see Valentina Mariani’s talk

Observation of A) = J/WA¢p

b baryon decays are

- important to probe the_dynamics of heavy-flavor decays and test the heavy-quark effective theory
- potential channels for access to exotic resonances [like the B — J /iy ¢ K*]

e 15t observation of the decay A) — J/¥ A ¢ w/ significance 9.7 ¢
decay expected to proceed via the b = ¢€s process [similar to A} — J /i A but requires an additional s5 pair]

® measure the branching fraction relative to the decay mode A? — (25)A

[which has a similar topology]
B(Ap—J/Y Ad) _ N(AR—J/v A) e(Ap— Y(2S)A) BR(y(28)— ] /Yr~nt)
B(Ap— ¥(29)A)  N(Ap— v(29)A) e(A—>] /¢ AP) BR(¢p—K+K™)

=[8.26 +0.90 (stat) +0.68 (syst) +0.11(BR) ]x10~*

- CMS Preliminary 60 fb' (13 TeV)
> CMS Preliminary % o N conponen CMS Preliminary 60 fb' (13 TeV)
% - Data “ g : ¢ Data
) - — Fit 20 ‘ | < | —Fit ﬁ
@ pool — Sionals S | . 75, 200 — Signals
c T : : =S Bkg.
o M(K*K) [GeV] o)
> S +
L LIJ i
100l 100[- A,—P(2S) A :
. 0 . I o4 884 + 37 events
A ]/ A |: R ﬂ§ %; il
286 + 29 events i v :
) | L | | | | | L
0 52 — — 5{8 : 0 5.4 5.6 5.8 22
BPH-19-002 M(J/wAK*K) [GeV] M(y(2S)A) [GeV]



EX0-19-012

wide jet

t the
or 201 7-Oct-28 09 41:12.692992 GMT
ver : 305814 / 971086788 / 610

e classical high-mass resonance search
can be interpreted in a wide range of BSM models
predicting particles decaying to gg, gq, or qq

® continue to improve analysis w/ new techniques:

- replace parametric background shape
by data driven measurement in sideband region [an;;]

- v robust method
* results consistent w/ background v’ smaller systematics uncertainties

v' more sensitive for broad resonance searches

CMS Preliminary . 137 fo™' (13 TeV) .. 1
= ' . CMS Preliminary 137 b (13 TeV)
| Data —_ 1 03
qJ | — Fit Method -Q |||||||||||||||||||||.|||||||||||||§
|: ¥2/NDF = 40.34/ 38 o N String :
'8_ | Ratio Method — A2 — - Excited quark
= | % /NDF =40.33/ 32 < 10 i Ratio T Axigluon/coloron EE
o ...“ --99 g-g Iez; Q method s method — — Scalar diquark ] ]
3 l e
% : ‘-“. B :g (8.0TeV) p 10 | Color-c\),(\:ltlet scalar (K’ = 2 3
S . e :
10 . ", ez
1 ., 1t ... DM mediat E
102 | ., = ‘ \\\ . o mediator E
Sa_ =2 Seoe graviton ]
-3 L 1 0—1 X »,} ~.
107 E wide PF-jets| “N 5 T E
107 £ m;>1.53 Te‘l/ T 102 L .
1 Il < 2.5, |An| I< 11 E
c 10°F
2> = 95% CL limits
olc _4[ == gluon-gluon
3= 10 E —— quark-gluon R
Sl o - —— quark-quark RN
&clu 8 . 1 0—5 | L 111 | L 111 | | | | | | * \l 11 | 1 1 | J\ | I\I
g5 S 2 3 4 5 6 7 8 s

Dijet mass [TeV] Resonance mass [TeV]



EX0-19-004

resonant decays into 2 jets
in events w/ 3 jets

e search for vector resonances decaying into 2 jets
in the mass range 350 - 700 GeV

- . ) 18.3fb' (13 TeV)

- look for resonances recoiling against a 3™ jet = OGS P T T T

. ) R reliminary ¢ Data ]

e 2016 data scouting w/ low Hy trigger thresholds & — Fi
. . . . . & st qq (700 GeV, 1.4 pb) ]

e.ver)t- selection: require 3 wide jets pr > 72 GeV = 10 eie qq (550 GeV, 39 pb)

* no significant excess is found S el e (400GeV, 11.9pb) ]
- most stringent limits on s

103 x2/NDF =19.3/14=1.4
Three wide calo-jets p, > 72 GeV
Ml <25, lAn <1.1

resonances decaying to light jets
in the 350-450 GeV mass range 10°

lIIIIII T TTTTI

. . o : N",~"'
> set upper limits @95% CL on 105 e i, E
: ;- = e -
the coupling to quarks g in the range 0.10 - 0.15 e ey
. . | 6F . T ]
for a vector resonance interacting only w/ quark§ TE 40 R
” 18.3107 (13 TeV) _ o 0.45—— oo _(18TeV) 1@ of
'E' E T T T T T T T T T T [e)) F o . o ] H q) 0 N
% " CMS Preliminary ~ 95% CLimits 2 40 CMS Preiiminary EE/LC(L)I')"S";:M E g S _pf
X | quark-quark o g:::g:: s E quark-quark e Expected 1 D -4r .
o 10°F I - 1 std. deviation 8 0.35 : ; B - 1 std. deviation -6 ‘ L L L L L -
x F Three wide calo-jets [ = 2 std. deviation E Three wide calo-jets [ = 2std. deviation 3 0.4 0.6 0.8 1
o - p,>72GeV, i <25 0.3(-P;>72GeV, <25 - ..
| lAnl<1.1 c Anl <1.1 gq for a DM mediator that decays ] Dljet mass [TeV]
10 E 0.25 to DM particles of mass 1GeV =
- 0.2 E
10 E
" 0.15 -
= ot E
F DM vector mediator (g,=0.25, g, =1) 0.05;— - DM vector mediator (9 =0.25, g =1) —;
10—1 | I | I | I | 1 | I 0: | L | 1 | 1 | 1 | 1 ] 24
300 400 500 600 700 300 400 500 600 700

Resonance mass [Ge\ Resonance mass [GeV]



EX0-19-018

search for dimuon resonances @ ="

non-hadronic scouting

e search for low-mass dimuon resonances in the range 11.5- 200 GeV [excluding the Z resonance range]
- for masses < 45 GeV
the high rate dimuon data scouting triggers [muon pr> 4.5 GeV] is used
- for mass range > 45 GeV, muon pr > 20 and 10 GeV
96.6 fb™' (13 TeV scouting); 137 fb™" (13 TeV full reco.

I LI | | L I L l LI I LI I LI I LI I LI ] LI I LI I Ll

~—

e the results can be interpreted

as a dark phOton (ZD) 108 ;_ g'gls / (?350000 Barrel category
that could couple the SM particles = d : fminary & oo ~+-om ‘
to a hidden, dark sector of particles 10’ — Scouting g T e

'Full reconstruction

Events /0.1 GeV

® the strength of the coupling w/ SM fermions
is determined by the kinetic mixing coefficient €

PR U RS S S TS
24 245 25 255 26

Resonance mass (GeV)

e data are found to be consistent

IIIIIII_I] |IIII|I_I_| Ll IIII||I_l| Lol 111

w/ background expectations 10° 8
96.6 fb™! (13 TeV scouting); 137 tb™ (13 TeV full reco.) 10° ;_ :
Y F ' ' ' T T T T ] = I
- CMS . - :
10° & Preliminar, — > !
%7 y E 10EllllllllllllIIIlIIIllllllllllllllllllllllll
- Electroweak constraints 95% CL N 20 40 60 80 100 120 140 160 180 200 220
| LHCb: PRL 120, 061801 (2018) a D
90% CL observed imuon mass (GeV)
1074 ------ 90% CL expected —
F I 68% expected 3
C 95% expected n
1075 n)l = °
| wl l 1 strongest constraints on
| 1 a hypothetical dark photon
107 = —
; scoutinglfull reco. | = W/ mZD > 11 5 Gev 25

20 30 40 50 100 200



search for dimuon resonances ar)

EX0-19-019

- SCM§ Preliminary .1.?7 fb‘1(13 TeV) 8CM§ Preliminary .1,4|0 fb (13 TeV)
&1 o Eiop e
* high-mass dielectron Eig Wowowwezw ) Eior B ol w2, 22
and dimuon search fio U 0 _ Toral MG (NF)
% "ToE
e event selection and reconstruction 10—3 1o1§ |
are optimized for high-py leptons igj dc';'aerf:;” i%j; fk']r:r‘jr‘]’;
10— T L e
e backgrounds estimated 50 pacaiis e B N e
from simulation [w/ corrections to the DY] § e 0 '1'°b°m(§g(;°[6;v] g7 100200 36 '1ld°ﬁ1(wi°—t;°[6;\,]

and includes the contribution from y induced processes

137 b (13 TeV, ee) + 140 fb" (13 TeV, up)

N 1 0_4 T T T | P“ T T T | T T T T | T T T T I T T T T | T I§
E‘ — Obs. 95% CL limit -
L, PTEIIEYN L ., e Exp. 95% CL limit, median
>~ 10° =
N [ Exp. (68%) E
% .. [ Exp. (95%) :
- 1 6 =2 \‘\ ' =
0 = " Lssu 3
C —7 _
- v _
107 E
10°E =

1 1 1 | 1 1 1 1 [ 1 1 1 1 | 1 1 1 1 I 1 1 1 I |~‘.|

1000

2000

3000 4000 5000

M [GeV]

no significant deviation

from SM expectation is observed

superstring-inspired sequential standard model

= Z'ssu (Z'y) particle is excluded @ 95% CL
below a mass of 5.15 (4.55) TeV

26



long-lived particles

Long-lived particles (LLPs) appear in many BSM scenarios
- nearly mass-degenerate states (compressed SUSY, AMSB, etc.)
- heavy virtual mediators (split-SUSY, heavy neutral leptons, etc.)
- small couplings (dark photons, freeze-in DM, RPV SUSY, etc.)

BSM searches need to be performed also
considering the lifetime of the new particle

= o, = a mmms tral
?) 60% in 13% in f § 15% in 31% in S —— zr?lajrgaed do" i | emergmg : E[S):\(A)n
:2— calorimeters muon system § 3 calorimeters muon system g == any charge M quark
ct=5cm b © 5 [J. Antonelli] photﬁ_ﬂ
;3 < By >~30 g ° g § M anything
g5 h ; ;' ct =50cm . disappearing displaced
e é S < By > ~30 track . lepton
distance travelled distance Lravelled y CETTE
litetime, mass, decay products, boost, etc. >
dramatically affect the detector signature, LAY
LN X
and we need to use all subdetectors ST
displaced /,/ 3 v *e, disEI?ced
dijet 4 L= A photon
CMS has a broad LL program 3 v X
based on signature-driven searches . Vs Not picturec:
LLP varieties challenges - e B
- charges - dedicated trigger
- final states - unique object reconstruction
- decay locations - atypical background
- lifetimes - unusual discriminating variables 57



IOHQ-“VZd pC(r'TiCICS WinECAL

radial acceptance
1 delayed jets [heavy neutral LLPs decaying to at least 1 delayed jet + MET]

benchmark : long-lived gluinos give rise to jets from displaced vertex :
- delay due to differences in velocity and in path length -

- median time of all ECAL cells in the jet cone, allows to .
- reduce the background to few event level pghtlid L]
- extend significantly the sensitivity w.r.t. tracker-based searches x (cm)
arXiv:1906.06441

main backgrounds:

- cosmic ray muon deposits in ECAL

- (collisions of very low luminosity bunches at ~2.5 ns steps from main bunches)
- beam halo muons (muons from beam interacting with collimators)

-1
\ 137 b (13 TeV) 137 fb (1 3 TeV)
g 10 LA I B R T T | T T T [ T T T [ T T T ] T 3104§ T T T T T T T T T T T i::
cms Supplementary 137 tb' (13 TeV) O a3 ¢  Observation = E CMS 95 % CL upper limits 3
ErorrrerTT R L 10 [ Cosmic ray muon background 8 r . -~ b
F - , [ Core and satellite bunch background 5 10° E PP 009, 9—0+ G Observed E|
10° 3 = » 10 [ Beam halo muon background 2 = m; = 2400 GeV - P ant1o. 3
F GCJ GMSB m; = 2400 GeV, ct,=1m » - -
10° 4 > 10 GMSB m, = 2400 GeV, c1,=10m g 1% o _ 4 medion +2 o -
8 3 u GMSB m, = 2400 GeV, ¢, =30 m o E 3
103;— = 1 8 B CMS displaced jets (36 fb™) N
E 3 = 10 =
- :_ B 107" g E e NLO+NLL Gy (PP = § 8) E
E 1072 § 1= / E|
10 = = E 3
g 10° =4 P -
(PN PRR———. IR
1?....1.‘..|...ﬂ1ﬂ....I.H.‘-|L|...ﬂm....|.‘..7§ o107 E E|
—4 ) = 3
—20 -15 -10 -5 5 10 15 20 10 o) = 3
o C ]
_ te (NS) . 102 ol bl T R

median time of ECAL cells in jet cone 10° 10° 10* 10°
after background subtraction te (NS) . ct, (mm)

[Tiet >(<) 20 ns from next (previous) BX] eXCl Ude g | uino Masses

upto2.5TeVforct=1m
28

PF jets are not used in the offline analysis, because nonprompt jets do not produce reliable information in the tracker
and out-of-time energy deposits are not included in the PF jet reconstruction



EX0-19-005

long-lived particles

° delayed photons (at least) 1 delayed photon + MET
benchmark : long-lived neutralinos decay to
(at least) 1 photon and a gravitino
- photon timing using ECAL
- requires precise calibration of ECAL timing and resolution
- dedicated trigger in 2017 for selecting events w/ 1 photon EM shower shape
consistent w/ production at a displaced secondary vertex inn-¢ plane
- dedicated out-of-time photon reconstruction gl

- extend the previous best limits 7/7/? [7///

. final state

o M 1 photon

in the neutralino proper decay length by up to about one order of magnitude

Y Y
in the neutralino mass by up to about 100 GeV
415" (13 Tev) 77.41 (13 TeV) -
/\105 T T T T T T T T T T T T T T T T T T T /é\ LI L L L L L L L L L L LB LB BB =X
> CMS S _ CMS GMSB SPS8 ] X X
(2 10* Preliminary SN 105 Preliminary e CMS Exp (= 10) 13 TeVy(y) _|
‘aa; —+—— Data [ty < 1.0 ns] (Scaled x 0.012) & E —— CMS Obs 13 TeV y(y) 3
m10° - —+—— Dataft =1.0ns] Z ATLAS Obs 8 TeV yy ]
vV E ------- GMSB A: 200 TeV, ct:200cm [t = 1.0 ns] B CMS Obs 7 TeV y T
102 ‘* v 104 = =
0 . 2017 u 3
== y channel - -
1 —— 10° = =
10 e -Tit. - ]
- el S B I
102 —— T 102 E
10° B = ]
10_4 10 el | 1111 | 11l | 11 1.J : 11 1 I'r‘l':;rl‘,lfl 1 ‘ 1111 | 1111 | ) e e |
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see Nancy Marinelli’s talk

preparing for LHC Run

Phase Wil 4 S
“Phase-1" upgrades of CMS 54z N
majority of the upgrades

il
A

b

for phase2

1O PhasS@ly

Hadron Calorimeter
install new SiPM+QIE11-based 5Gbps readout
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Measurement of the dependence of inclusive jet production
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cross sections on the anti-k7 distance parameter in

- completing Phase-1 upgrades e A L

SMP-19-003 air of Wig®  Search for anomalous couplings in semileptonic WW and

- preparing for Run 3 (and in view of HL-LHC)

WZ decays at /s = 13 TeV
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» exciting, cutting edge slate of upgrades for HL-LHC
HL-LHC projections show the large gains w/ the upgraded detector and an integrated luminosity of 3ab-"

» vibrant physics research program
- CMS recently submitted its 905t scientific publication on results using LHC collision data

oy 2010 CMS Preliminary - Many results using the full dataset of 137 fb”
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Vector Boson Scattering
directly probes EWK SM gauge structure

e Zy production w/ 2 jets
- signal extracted from 2D fit
in different regions to
properties of the djiet system:

m; and 4n;

- significance : 3.9 (5.2) o

[4.7 (5.5) 0 combining w/ 8 TeV analysis]
- fiducial signal strengh gy, = 0.647

- using the m, distribution,
most stringent limits to date on 2 aQGC parameters in the d|men5|on 8 (8D) EFT : F1g/A%and Fro/A4

CMS Preliminary

SMP-18-007

35.9 fb" (13 TeV)

w P
TTT

Events /bin

0.23
0.21

[¢)]
TTTT T

VvV —<+— Data

e anomalous EW VV production w/ 2 jets

- using the WW, WZ, and ZZ channels

- interpretation in the 8D EFT

or as limits on H=(#)

production

see Vitaliano Ciulli's talk
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SUS-19-007

search for SUSY 1 lepton final s‘ra’rg

e inclusive search for strong SUSY production
in final states w/ MET, b-jets, and a lepton
- signal region divided in bins characterized by
# jets, the # b-jets, pMsS, and the sum of the masses of large-radius jets M] = Z;my,
e background yields from control regions M
Jis nearly uncorrelated to my
*no SlgnlflCa nt excess compa red to SM = M;background shape at high-m measured
= gluino masses up to about 2150 GeV are excluded @ 95% CL  from ¥, shape in the low-m; control sample

o+

for neutralino masses up to 700 GeV oG IO 0A . 1 ot
& :S/mula[/on ) A 137 fb (13 TeV)
highest excluded neutralino mass is about 1250 GeV + S00EE
500

400
CMS Preliminary [ R1-R3 it $5 R1-R4 fit 137 b (13 TeV) 300
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Higgs boson production and decay

9
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- _ 8 [ - = .
Wi 2105 | : & L 63% | oo
= pp — qgH (NNLO QCD + NLO EW) ] L ____—%%
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! [ pp— bbH (NNLO QCD in 5FS, NLO QCD in 4FS) g 103?_2—71 0.15% 3
q I:I“‘\ : B
0=05 pb / 70K Higgs in 140fb" 10_1?{ — .? N
rrov—— 120 122 124 126 128 130 120 122 124 126 128 130
N M, [GeV] M, [GeV]
llﬂ.ﬂ.;&ﬁ.lﬂ_>_t
N I T
H—ZZ HIG-19-001 (Run2)
H-yy HIG-18-029 (‘'16+’'17) HIG-16-040 (‘'16) HIG-18-018 (‘16+’'17)
H-WW HIG-16-042 (‘16)
HIG-18-019 (‘16+’'17)
H-=1T HIG-18-032 (‘'16+’'17) HIG-18-007 (‘'16)
H-=bb HIG-16-044 (‘'16) HIG-18-016 (‘'16+’17) HIG-18-030 (‘'1l6+’17)
H=uu HIG-17-019 (‘'16)
H—cCC HIG-18-031 ('16)

H—inv HIG-17-023 ('16) 35



bbbb " o, bbtt
INFN largest BR, large QCD BRIN2X9y Mo good compromise

.,-‘Im=|zsaew

PADOVA

and tt contamination
Ittt e i s ol |
Sesoe P (non-res) JHEPO4 (2019) 112 NEW! :
- JHEPO1(2019) 040 NEW!
g (res)  JHEPOB (2018) 152 NEW! R
D U PLB781(2018) 244

between BR and
purity

PLB 778 (2018) 101
bbWV -....oooovvvoo .- bbyy
large tt contamination, low branching ratio,

BR(202v) = 2.7%

JHEP 01 (2018) 054

high purity

PLB 788 (2019) 7 NEW!

HH—bbbb (non-resonant) NEW! HEPO4 (2019) 112 | HH—bbt PLB 778 (2018) 101

Two searches performed: NEW! JHEPO1 (2019) 040 Comprehensive set of results on resonant and non-resonant searches

e 4 resolved b-tagged jets (best sensitivity to SM), results shown here m Finalstates: (eTp, W, ThTh) + 2 jets = oMs___ - ga:.g.., (13T
o one bb pair highly boosted (sensitive to specific BSM topologies) = Categorisation on number (1/2) of b-tagged jets % el
Boosted category: only 1b-tagged large-area jet § 55 S rigsson
Main challenge: QCD background contamination —— R * substructure iq?:liremznts ggeciare I z O i cnaranny
= BDT technique optimised for SM HH signal — e m BDT technique to reject tt background in ey, wt, channels
m Dedicated data-driven method: hemisphere ( ional ion from ki . ables:
mixing m Signal extraction from kinematic variables:

e Resonant search: kinematic fit of HH decay (it based on
4-momenta of the T and b candidates and on 5’,!""‘)
o Non-resonant search: “stransverse mass’ MT2 (largest mass of the

e Provide input for the BDT training
e Predict the background BDT shape

L} b-tag is crucial, used from trigger level (3 bjets) parent particle compatible with the kinematic constraints of the event) my [GeV]
. . Ccms 359" (13 TeV) CMms 3590 (13 Tev)
m Signal extraction from BDT output - . - ASALA G anasianase amancdan:
259" (13Te 100 —— ST SFIEL ) / 8 35ChMssMm (3 : 5 ; ]
Elow T ] 13 1| SM obs (exp): 31(25)xosm
= et
o e ky~k; scan performed
F 4 SM obs (exp): 75 (37) xosm Additional hMSSM
. 100 [ 1 . .
[,.Ww-r*‘/ﬂ E L o ky, = A/Asm (ks = 1) scan: : interpretation
P a——" % | o5 terions no exclusion b ] No exclusion on Radion nor
§ ooF 5 e BB sgral bacignd - rve -
B e i = somenes Graviton mass
[ oo U e e
3 100 pr ) ] Observed 5% CLexc W Expected st & M ElomenedosncLoc MEvecmtzn o (o
BOT output Ky = Expocted 95% CL excl. [l Expectod 120 ¢,=¢,=¢ =0 - Expected 5% CLexc. | Expecteds26 A

HH—bbVV JHEP 01(2018) 054 || HH—bbyy NEW! p| 8 788 (2019) 7

PRS- — B Resonant and non-resonant searches performed: most sensitive channel to SM HH
® [ u'u channel ¢ Data H .
Resonant and non-resonant searches Sl B TR H ity : : Heali
erformed E e e Main backgrounds: ny+jets, single-H Signal extraction through 2D likelihood
P or S Hiogs e Moy X Mpp
. F e Categorisation in MVA and reduced mass:
m Event categories: bbee, bbpy, bbep O e | mssmenoce 2 0GRV : : .
E My =m — (M —mi) — (Myy —my)  ® 10% improvement w.r.t. 1D fit on m.: better
. . . 800~ X yybb bb H vy H e . .
m Dominant backgrounds: tt (irreducible), DY b discrimination against single-H
400 cms 359" (13 TeV)
o N b A ppaanssrn ranabenes . cus sawmTy  cus w2 Ten
e Data-driven DY estimation o T s @ o MVAtoefficiently = "] & o PR ™
m DNN to improve signal-background S discriminate i
separation £ E T - — o against ny+jets 3 1"
P ;: 5 v.""i'}o‘%')ﬂm*‘”"n""'ﬂ"’*"’“" """’t*’mghim N o Strikin, ¢ 1
e Output used as final discriminant L S— — : ; g : £
®90t 12 Tow) s om e 05 1 05 1 [ K Impl'OVemel:\t at
10 - S —— DNN output at &, = x; = 1 (SM), m bins & o~ A low mass using My wE )

i
o

B e
H e opiein : I CMS Simulation (13 Tev) Resonance Mass [GeV]
z -- Ra::u».,:mv K=35) 3 my ~280Gev | m,‘=450 Gev ! m,lr=BOGGeV
i SM obs (exp): 79 (89)xosy ¢ -,
: 5" My
£ SM obs (exp): 24 (19)xosy
H kl-kt scan performEd '.E (VBF HH signaPinclusion improves sensitivity by 1.3%)
g No exclusion on Radion nor E Constrained A to —11 <k, <17
£ Graviton mass Radion (Ag = 3 TeV): excluded my < 540 GeV 36
3w i SRR el Graviton: excluded 290 < my < 810 GeV (backup)
PP~ HH VY ~ b o -t v =272x107 | B Reconstructed mass [GeV]
-20 -15 -10 -5 0 5 10 15 20
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t summary plots

95% CL exclusions

Observed

Expected
I/ My<~5%

tf resonance, [arXiv:1810.05905]
359fb", 13 TeV

Iy /My <~10%

Boosted Dijet+y [arXiv:1905.1033
35.91b", 13 TeV

Boosted Dijet [EXO-18-012]
77.01b", 13 TeV

Dijet b-tagged [arXiv:1802.06149]
19.71b", 8 TeV

Dijet scouting [arXiv:1604.08907]
19.7 fb", 8 TeV

Dijet scouting [arXiv:1806.00843]
35.91b", 13 TeV

Dijet [EXO-19-012]

13710, 13 TeV.

Iy / My <~30%

Broad Dijet [arXiv:1806.00843]
3591b", 13 TeV
Ty / My <~100%

Dijet y [arXiv:1803.08030]
3591fb", 13 TeV

7' - qq

- Observed

) —

Expected L
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1t resonance, [arXiv:1810.05905] -
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== lONg lived particles

Overview of CMS long-lived particle searches

CMS preliminary

3-137fb™1 (8, 13 TeV)

RPV UDD, g—+ths, my = 2200 GeV
RPV UDD, g—ths, my = 2200 GeV
RPV UDD, t-dd, mi= 1300 GeV
RPV UDD, t-+dd, mi=1300 GeV
RPV LQD, t-bl, mi= 600 GeV
RPV LQD, t=bl, mi = 600 GeV
RPV LQD, t-bl, mi = 1300 GeV

I = T~ T

Qi e~ Qe 1O 1Q: Q:

GMSB SPS8, X2—»yG, my: =400 GeV Xx?

CMS-PAS-EX0-19-005 (Delayed y(v)) [ 02=6m!

1801.00359 (Delayed pp)

H=XX(10%), X—»ee, my =125 GeV, mx =20 GeV x

HXX(10%), X, my = 125 Ge, ms =20 GV x | |8 L0 6077 (DiSpIB€ ) 0 G0 2= 560

dark QCD, mx, =5 GeV, my, = 1200 GeV Xox

GMSB, §+gG, my = 2100 GeV

GMSB, §—+gG, my =2100 GeV

Split SUSY, G-qgx?, m; = 1300 GeV

Split SUSY (HSCP), fig = 0.1, mg = 1600 GeV

mGMSB (HSCP) tanB= 10, u >0, m; = 247 GeV
Stopped I3 E—ot)(fv mi =700 GeV

Stopped &, §-qGx?, fj; = 0.1, m; = 1300 GeV
Stopped g, g—+qqx3iuuxi). f5,=0.1 m; =940 GeV g
AMSB, x* =) *, m,: =505 GeV x*

" P | " PR | " PR | " "

sl " PR " PRy | " PR

1074 1073 1072 1071

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.

101! 102 103

38 b1 (13 TeV)
36 b1 (13 TeV)
38 b1 (13 TeV)
36 b1 (13 TeV)
36 b1 (13 TeV)
3fb1 (13 TeV)

36 b1 (13 TeV)

36 o1 (13 TeV)
137 fb~* (13 TeV)
36 b1 (13 TeV)
13 b1 (13 TeV)
13 fb~? (13 TeV)
39 fb~1 (13 TeV)
39 fb1 (13 TeV)
39 fb~1 (13 TeV)
38 b1 (13 TeV)
77 o1 (13 TeV)

20 fb=1 (8 TeV)
20 =1 (8 TeV)
16 b1 (13 TeV)

July 2019
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CMS EXQO results

SSMZ'(tt)

SSM Z'(qg)

LFVZ', BRley) = 10%

SSM W'(2v)

SSMW'(gg)

SSMW'(Tv)

LRSM Wa(tNz), My, = 0.5M.,
LRSM Wil TN=), My, =0 5My,
Axigluon, Coloron, cotd =1

scalar LQ [pair prod.), coupling to 1** gen. fermions, B =1
scalar LQ [pair prod.), coupling to 1** gen. fermions, 8 =0.5
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =1
scalar LQ (pair prod.), coupling to 2™ gen. fermions, 8 =05
scalar LQ (pair prod.), coupling to 3 gen. fermions, f= 1
scalar LQ (single prod.), coup. to 3™ gen. ferm., A =1,A=1

excited light quark (gg), A= m_

excited light quark (gy), s =f=F=1,A=m_
excited b quark, f,=f=f’=l.f\=mq'
excited electron, o =f=Ff=1,A=m_
excited muon, fr=f=F=LA=m]

quark compositeness (9g), Num==1
quark compositeness (1), Nuwe=1
quark compositeness (gg), nuss= -1
quark compositeness (1), Nuem= —1
ADD (ji) HLZ, ne==3
ADD (yy, #) HLZ, nec =3
ADD G emission, n =2
ADD QBH (jj), Nen=16
ADD QBH (gy), nes =6
RS Gux(g3, 99). kiMz= 0.1
RS Gxl88), k/M, =01
RS Gocl yy), ki =0.1
RS QBH (jj), nen =1
RS QBH (ep), Nnen =1
non-rotating BH, Mo = 4 TeV, nen = 6
split-UED, p=4 TeV

sEFTFFFETsar §55Y z2rrEr EFEFFFFF sEREEFFEEF

laxial)vector mediator (xx), ;=025 gom =L m,=1 GeV n _,
(axial)vector mediator (gg), g5 =0.25, gom=1.m, =1 GeV p _,
scalar mediator (+8/tH), 9, =1,gc=1,m, =1 GeV Mons
pseudoscalar mediator (+t/tt), g, =1, gos= 1L, m, =1 GeV Mo
scalar mediator (fermion portal), A, =1,m, =1 GeV M,
complex sc. med. (dark QCD), m,,, =5GeV, cTx, =25mm

Type Il Seesaw, B, =B, = 8. Miona
string resonance M.

Overview of CMS EXO results

CcMsS 36 fb~! (13 TeV)
1811.01197 (2e + 2j) 144
1811.01107 (2e + 2j; e + 2j + E7*™) 127
1808.05082 (2p + 2j) . 153
1808.05082 (2p + 2j; p + 2j + E7) 129
1811.00B06 (27 + 2j) 102
1806.03472 (2T +b) 074

mass scale [TeV]

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

January 2019
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very, very busy years ! !

= Max. inst. lumi.: 15.28 Hz/nb 1. 5934 HZ Cm'z

gtrigger in run2

» after LS1, LHC achieved very high luminosity
peak lumi (in both 2016 and 2017!): 1.5e34 Hz cm2 = PU~50
exp. peak lumi in 2017: 2e34 Hz cm2 = PU~60 !

» very high LHC duty cycle

[
"

CMS Offline Luminosity (Prelimjnary)

1e34 Hz cm™

[
o

®» in order to maintain and improve performance
while keeping the rate under control

[avoiding a significant increase in trigger thresholds]

» 2016 = Phase | L1 Trigger Upgrade °

u
T

Peak Delivered Lumintsity (Hz/nb)

N \ o C) Q (o
RPCHlts’ '___‘m”'ts Date (UTC)
CuOF
tower-level precision and pileup subtraction
u//
integrated track-finding
with more sophisticated p; measurement
allows to define
‘ DeMux DeMux end-cap | Y overlap * 512 bits ,)
track track .
finder J | finder J | finder * more advanced operations
(deltaR, di-object mass, deltaBX, ...)
Micro-Global
Muon Trigg 3
upgrade outer rings
— o n=0 1=05 n=10 n 15 ./,7 2[0 o

4 barrel layers

» 2017 - Phase | detectors Upgrade

v new PIXEL detector - Rachel Bartek’s talk
v" new HCAL readout ﬁf""“ﬁoy
v x1.2 HLT farm

l l l inner rings
50cm

phase 0 77" 1=05 1=




Hadron Calorimeter

new backend boards




® Peak luminosity =Integr:
° 8.0E+34 i i i
D lans : D hase? RiEl EEEE BE
» present tracker designed for g o LR BN o 8
P N il 1 S u =
an integrated lumi of 500/fb and <PU>~30-50 = “* =& = & 2B e S
Requirements for Phase2 5 .'B " | B
. L . v 1 dhase2 |~
» High radiation tolerance to operate efficiently oo Lot 1 w [ _|.
up to 3000/fb 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38
Year
» increased granularity to maintain channel occupancy around or below the % level
N . . 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 16
» reduced material in the tracking volume g A =
» contribution to the Level-1 trigger 11000 :I | :| :| :| N
. T N -2
> extended tracking acceptance | . .. w g F——————— 1, L b e
a o L LT T 1 __.,_______\\\\\\\ NN N NN : :' I| II :I —24
» robust pattern recognition e I ) N R T | w238
/T_T <700 um / 00_‘_.___\\\\ LT Y W U Y \ \ :' :' -390
O_E.H_r_l h ‘l ' | '\I 'tl ! | ﬁ — ! I ! - ! . ! R 4'.]0
0 ' ' o ' 2000 2500 z [mm]
CMS Phase-2 Simulation 14 TeV © CMS Phase 2 Slmulatlon : S '14: rev
? 1‘|_I‘”§” i !”“!I LA BB N ”_' "5014!_ | I +<PU> 140 I I _l_ é" Step Name Seedirg Target Tracks
B m = H —e— <PU=> = 200 i HighPtQua pixe . rompt, high p,
8 ‘: 'ﬂ g 'vﬂd‘s" -gtJO_12;v Tracks from t events . g .gh Q. d qua;:;:TIe pprom::, higgh pp,
% 08” 4 8 : p.>039 GeV H % HighPtTriplet triplets recovery ’
2 got 15
— > 1 .=
5 06y 1 So.08} 138
E 4 }: g H E | : DetachedQuad uagi:l(.le'Iets displaced
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benefits: some examples
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Iterative Tracking in CM

S

tracks reconstruction is an iterative procedure:
* the InitialStep makes use of high-pt quadruplets
coming from the beam spot region
» subsequent steps use triplets,
or improve the acceptance either in pyor in displacement
* the later steps use seeds w/ hits from the strip detector
to find detached tracks, | :
» final steps are dedicated to special phase-space A //
* highly dense environment (i.e. w/in jets) I
» clean environment (i.e. muons) |

—_— i e—
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tracks reconstruction is an iterative procedure:
* the InitialStep makes use of high-p; quadruplets
coming from the beam spot region
» subsequent steps use triplets,
or improve the acceptance either in pyor in displacement
* the later steps use seeds w/ hits from the strip detector
to find detached tracks,
» final steps are dedicated to special phase-space
* highly dense environment (i.e. w/in jets)
* clean environment (i.e. muons)
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