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Level-1 e/y Algorithm UIC

University of lllinois
at Chicago

* Dynamic clustering = Ecar
— Improved energy containment

— Minimize effect of pile-up o
— Improved energy resolution

e Cluster shape veto

— Discriminate using cluster shape and -
EM energy fraction (H/E) between e/y O if;‘i;‘;gboms
and jetS D Second néighbours

e Calibration
— e/y cluster energy calibrated as efylike W [§ mm I ‘

function of E;, n and cluster shape
Jet like j i ﬂ




CMS

Update from 2016 Ulc

University of lllinois
at Chicago

2016: tight H/E applied for seed tower

2017: Extended H/E with neighboring towers
— Applied tight H/E on seed tower
— No H/E applied for E+H < 5GeV

— loose H/E threshold applied for E+H > 5
GeV for neighboring towers

Recalibration of the Calorimeter
level-1 trigger objects allowed to
mitigate the detector related change
in energy response with respect to
running conditions in 2016.

CMS Ppreliminary 221 pb™ (2016) + 53 pb™ (2017) (13 TeV)
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CMS

e/y Performance

UIC

University of lllinois

at Chicago
* Sharp trigger efficiency curves for an e/y object as a function of E; of
the offline reconstructed electron, measured with Tag & Probe
method on data
* Level-1 e/y trigger energy resolution with respect to E; and n of
offline reconstructed electron
— For higher n, the corrections to crystal responses are more consequent
due to radiations and ECAL front end electronics has higher noise
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CMS /!
e/y Isolation UIC

University of lllinois
at Chicago

e Create isolation annuli (6x9 TT) from
ECAL and HCAL around cluster

* |solation energy requirement ,,
parametrized as a function of PU and n

* The number of PU is estimated based on
the number of trigger tower (TT) above
threshold within the central region of
calorimeter towers

. Isolation region

CMS Peak Luminosity Per Day, pp, 2017, Vs = 13 TeV
Count number of TT >0 in

central calo regions

Data included from 2017-05-30 08:43 to 2017-11-26 10:30 UTC

an. inst. lumi.: 20.66 Hz/nb
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CMS /1
p- Isolated e/y Performance U!C

at Chicago

* Two Isolation working points (Tight and Loose) are used and correspond to
two different relaxation schemes, as a function of E;

— Flexible e/y object for single trigger with high threshold or correlated trigger
with lower threshold

* Flat trigger efficiency as a function of the number of offline reconstructed
vertexes (~ number of PU).

CMS Preliminary 53 pb™ (2017) (13 TeV) CMS Preliminary, 2017 413" (13 TeV)
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Hadroinc Tau on Calorimeter U!c

at Chicago

* Different footprints of
electron showers and tau
energy deposits averaged

e/y T

0.00 < ETA<0.25

ECAL+HCAL — T footprint 0<n<1.0 a.u.

over a large statistics. : g
 Different tau decay modes - :
has its individual tau : :
footprint . ; )
0 1 2 3 4 5 6 7 8“199
1 prong E, [GeV] 3 prong ElGev] 1 prong + m¥s

* PF-Photons
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Level-1 Tau Algorithm Ulc

_ k 8 University of lllinois
— ‘ ‘ at Chicago
n
(Rl o 1= IO
Cluster seed /h

* Similar to e/y, dynamic clustering with tau
shapes, forms TT “cluster”

 Two clusters can be merged (based on

/

relative neighbor position) to better Reconstructed 'SO'ation/WindOW
reconstruct multi particles hadronic tau Y N
decays (~15%) o |/

* Apply shape veto to reject background Reconstructed

* |solation energy is computed as the tau (merged) N\
energy in a 6x9 window around the
cluster seed minus the candidate energy.
Compared to threshold as a function of

PU, n(7), E+(7) Rejected shape : B : t ; Hh i: =
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CMS, 1
Level-1 Tau Efficiency U!c

at Chicago

* Trigger efficiency measured through tag-and-probe method from
Z->1,T, data
* [solation is tuned to a given threshold, for double isolated tau trigger,
optimized for Physics
 The increase acceptance has played a major role in the observation

of the Higgs -1t in 2017.
e |solated tau maintain high efficiency across wild range of pileup

CMS Preliminary 2017 data 40.9 fb' (13 TeV) CMS Preliminary 2017 data 40.9 fb" (13 TeV) CMS Preliminary 2017 data 40.9 fb' (13 TeV)
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Level-1 Jets Algorithm UIC

University of lllinois
at Chicago

* Sliding window jet algorithm
— Search for seed energy above threshold

— Apply mask to avoid double counting
[>[>]>]>]>]>]>]>]5]

(>[>]>]>]>]>]>]>]>]

— Sum 9x9 trigger towers to approximate
anti-k; R=0.4 jet used offline

* Pile-up subtraction
— Consider four 3x9 areas around jet window

AEEEEEEEEN
AEEEEEEEN
— Subtract sum of energy in lowest three — .
from jet o
areas from J€t energy T REEEEEEERT
* Calibrati 5 m# OBARNACHE BE e
alibration snnBOEEEEEEE pEn
. . . . oo oo
— Correct jet energies as a function of jet E;, ~ mmnEHHEEEEEE gus
AEEEEEEEER
and n EEEEEEEEE
AEEEEEEEEN



Chs, 1
Level-1 Jet Performance U!c

at Chicago

* Match Level-1 jet to offline (anti-k; R=0.4) jets using AR <
0.25 in single muon data

* Central jets have sharper efficiency turn-on than forward jets

e Data before the HF trigger primitive energy saturation was
being correctly set are excluded for the forward jet efficiency

CMS Preliminary 2017 Data 41.5fb" 13 TeV CMS Preliminary 2017 Data 35.4fb' 13 TeV
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HT and MET UU!P

at Chicago

CMS Preliminary 2017 Data 41.5fb™" 13 TeV

* HT =3 Eyforjets with E; >30GeV, |n [<2.4 ¢ o

* MET: the magnitude of the negative vector & | r S
sum of the transverse momenta of all trigger o=~ © =~ .~ |
towers 0.6:— '. .. InI;<24 |

L1 HT > 120 GeV

* MET PUS: apply threshold to towers, as a R R e e T R BT ==

function of PU and n, to be included in the o | D e
MET calculation e e R S
* keeping the MET thresholds under I N N
hash PU environment e N ‘%‘Jf%‘m‘e;;.’é"%}‘@e‘é’i’"
_ CMS Preliminary 2017 Data 41.5 fb' 13 TeV _ CMS Preliminary 2017 Data 1.8 fb' 13 TeV

0.8 0.8

- » . | |
0.6— A N ! Inl </5.0 0.6
r ° ® L1METHF >80 GeV

Inl <5.0
. ® L1 MET HF PUS On >80 GeV
7777777777777777777777777777777777777777777

® L1 MET HF PUS On > 100 GeV
o U ME'IJ: HF PUS On > 120 GeV
°
v

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

L . | ®| L1 MET HF > 100 GeV
04— * . ! | L1 MET HF > 120 GeV 0.4

.3 L1 MET HF > 150 GeV L1 MET‘: HF PUS On > 150 GeV

L1 MET HF PUS Off > 103 GeV

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

L1 MET HF PUS Off > 125 GeV

0.2— 0.2 M
B ¥ L1 MET HF PUS Off > 144 GeV
B I 1 1 ¥ L1 MET HF PUS Off > 170 GeV
R A il IR R i [ B i [ B el g ‘ i
0 0 Ml b b b by
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400

Offline Calo MET HF (GeV) Offline PF MET NoMu (GeV)



CMS /!
Data Analysis at Level-1 UIC

University of lllinois
at Chicago

* Global Trigger receives L1 objects and makes algorithmic decision
— Allows analysis-like algorithm on Level-1 trigger level

— Invariant mass, W transverse mass from lepton and MET, etc.

=o:=—-" L —
 AHiggs boson can be produced fromthe P q q .
fusion of the two vector bosons (VBF) Z|W t
* The VBF H>1t is one of the most -}-IO- -<
sensitive categories for the SM H—>1tT ZIW t
analysis = 0 ; T

 The Higgs boson decay products are often located in the central of the
detector

— Trigger by DoublelsoTau trigger, limited by rate budget

* The outgoing quarks producing high-p; jets in the forward region of the
detector
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CMS,/ | : : Ulc
' The Vector Boson Fusion Trigger M=

at Chicago

 Comparing distribution from VBF H->17 signal to SM background and
gluon fusion Higgs process

* L1 jets matched to the highest invariant mass pair of offline jets

The jets produced from VBF process have large n separation and
invariant mass

0.2 CMS Preliminary 2017 Simulation (13 TeV) CMS Preliminary 2017 Simulation (13 TeV)
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CMS, /|
The VBF Trigger Strategy U!c

at Chicago

* Atleast one jet with E; > X

* At least two jets with E; > Y

* Inthe collection of jets with E; > Y, at least a pair with m;; >
620GeV

CMS Preliminary 6.3 pb” (13 TeV) CMS Preliminary (13 TeV)
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m | -
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L and m; > 620 GgV C 1 “
l 0.78F Y
- C %
0.4 0.77F : \
L E : .
L 0.76— |
0.2 - €
l 0.75 [ atleast 1 online (offline) jet with E i s x (X') GeV
L at least 2 online (offline) jets with E‘ 35 (45) GeV \
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074 T | 1 1 1 | 1 1 | II | | | | |
?30 40 50 60 70 80 90 1 0(3 110 120 130 40 60 80 1|09 o 1 20
EX*™ online [GeV] EX*™ offline [GeV]

At 90GeV, a ~95% rate reduction for only ~5% efficiency loss is achieved
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The VBF H> 1T UIC

University of lllinois
at Chicago

* A dedicated hadronic Tt algorithm designed for SM H-> 1t
analysis

* Combined with VBF trigger, ~60% gain in acceptance for an
acceptable increase in rate.

CMS Preliminary

(13 TeV) CMS Preliminary (13 TeV)
I Only VBF selection - I Only VBF selection
[ Only DiTau selection ,1000— [ Only DiTau selection
I DiTau AND VBF i B DiTau AND VBF

Events/40 GeV
5 GeV

Events/2

2016 Simulation

2016 Simulation
VBFH— 1t

VBF H— 11

4900 600 800 1000 1200 1400 1600 1800 2000 30 30 40 50 60 70 80 90 100 110 120
offline m, [GeV] offline P "[GeV]



CMS, !
Summary UIC

University of lllinois
at Chicago

* The CMS Level-1 trigger was fully Stage 2 upgraded in 2016,
and has been running successfully since

* LHC provides a challenging environment for CMS level-1 trigger
system

— Increase in instantaneous luminosity, higher pileup and rate

 CMS developed sophisticated algorithms for trigger calorimeter
objects

— Re-optimizing the calibration and working points to adapt
fast changing condition from LHC

* Further exploit new functionalities from L1 global trigger, which
support new trigger algorithms

— Bringing analysis-like condition down to CMS Level-1 trigger
system
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UIC

University of lllinois
at Chicago
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e/y Position

UIC

University of lllinois

at Chicago
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https://cds.cern.ch/record/1556311/files/CMS-TDR-012.pdf

Level-1 Trigger

UIC

University of lllinois
at Chicago

The CMS Level-1 trigger system has been fully Phase 1 upgraded in 2016

Simplified graphical representation of the L 1Trigger
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CMS Trigger System U!c

at Chicago
/ LHC
One of four detectors at the LHC
SUPERCONDUCTING CALORIMETERS Total weight: 12,500 T
MAGNET COIL ECAL Overall diameter: 15 m (50 ft.)
Scintillating Overall length: 21.5 m (70 ft.)
PbWO4 Crystals HEAL
Plastic scintillator/brass ~30MHz
- |
Detectors
IRON YOKE
@ Frontend pipelines 100kHz
TRACKER
Silicon Microstrips
Pixels
MUON BARREL MUON Readout buffers
Drift Tube Resistive Plate ENDCAPS
Chambers (DT) Chambers (RPC) Cathode Strip Chambers (CSC)
Resistive Plate Chambers
Switching network
V4
CMS has been designed with a 2-level trigger system 1kHz
Processor farms

* Level-1 trigger (L1): fast electronics
* High Level Trigger (HLT): processor farm




CMS,
= Challenge from LHC UIC

University of lllinois

at Chicago
CMS Integrated Luminosity, pp . .
Data included from 2010-03-30 11:22 to 2017-07-28 01:31 UTC ® After LS]" LHC has aChIeved Ve ry hlgh
e [ e 7 luminosity
g [ s * 2016: 1.5*10% cms - PU~48
5. TR T esn e 2017: expecting 2*103* cm2s1 > PU~56
E |  The CMS trigger needs to maintain and
g, — |, improve performance while keeping the rate
R R PN T Y LR O
Date (UTC) under control
CMS Peak Luminosity Per Day, pp
Data included from 2010-03-30 11:22 to 2017-07-28 01:31 UTC
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The Level-1 Menu Ulc

University of lllinois

at Chicago
Zero bias
2% . .
.  The bandwidth allocated per trigger
2% object type in 2016 L1Menu for

ely +
3%

ely + sums
5%

103*cm?st luminosity
* Note: fractions are inclusive -> no
attempt to correct for overlaps

ely +

6% » Trigger strategy for 2017: data
W + sums | analysis at Level-1 trigger
s * Object matching with offline
get reconstruction
'  More sophisticated trigger
ETCTyy SURE algorithm matching to offline

11%

data analysis

A. Tapper, ICHEP2016



L1 Muon in 2017 U!c

at Chicago
CMS Preiminary 951" (2016) + 267 pb™' (2017) (13 TeV) BMTF / OMTF
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c M R
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" e
- #2017 data Q
- 2016 data 8
0.4/ 3
- 3 csCHits | |RPCHits | | DT Hits
» i CuOF
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u 2 Mezz
K D . end 2016
? < i ! ;v
00 1 11 I1 001 1 1 12001 11 l3001 1 1 14.001 11 l500 CPPF TwinMux
p. (GeV) 2017
T v > l ) l
.. end-cap overlap barrel
Improved muon efficiency w.r.t 2016: e = =
* RPC added to both barrel and end-cap track finder I
* Retuned the muon p; assighment Micro-Global
Muon Trigger



UIC

Level-1 Global Trigger o

at Chicago

* Itisimplemented in

UTCA technology with B\
large FPGAs MP7 logic boards st
. i e e H |
* It receives and ke ;
. . \ . - readout PRA
synchronizes inputs, s LN board [ 08 i

and issues the L1 Wit =
trigger decisions ¥ .3

* High flexibility in trigger
menu design

* It supports analysis-like
conditions, such as
invariant mass,
transverse mass

My = \/2pm1pra[cosh(n — 12) — cos(p1 — )]



