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Milestone and Tasks

July’00 Milestone:

« Demonstrate that data coming from Level-1
trigger can be reduced by a factor of ~10 using
calorimeter information.

Tasks
o Software tools
 Verify ORCA4
e Create ntuple-files

 Understand offline performance for jet/met/tau
at 10E34.

e Develop algorithms for Level 2 (and implement
iIn ORCA).
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HLT algorithm

Jets

 Improve Et resolution and Et scale

e improved jet axis with finer granularity (1x1 instead of
4x4 towers)

 LSB: L1(Et=0.5~1.0GeV) -> L2(Et=0.2GeV)

e energy calibration (non-linearity, pile-up energy)
 Reduce low Et fake jets due to min-bias pile-up

* jet shape & smaller window size

MET

* Improve resolution
* energy calibration (non-linearity)
Tau
e Improve shape cuts at L2

» use tracker information for isolated charged tracks at
L3.
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QCD Jet Rates

Very High rate!

QCD jet rate - Generator level

102 1 kHz = acceptable L1 rate for jets
I . GRS LW -Maddison ]

HEH Perect detectaririgger P 1 Jet 165 Gev
— Mo minimum bias

cr[u L= #0* em® 5"

or  Single jet ¢ 2 jEtS 120 GeV
e 3jets 75 GeV
e 4jets 55GeV

w o
- ® CQuad jet

* (3 kHz for Jets)

L I L L L I IIIIIIII
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Hadron Level Jet E, Cutoff (GeV)
20 165

56 75 1

How to stay below 100 Hz ?

Guideline: 20Hz for Jets, MET, combination.
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Low Et Physics

Piralt Bist of processes where bow Y jet tngeer could be regquared

# | Process Typical physics cuts Trigg. L1 (95% efl.7) Low Et Jets + others
I | Wilvi+ Hib b L1, Fy>20, inl<25 |[E =15 or M>15 Iqgl<25 ( i )
2 b, Ey=25 Inl<23 2F=25 fpi<25 by VGaV”lOV
E s = 2()
2 it av+Xi+Hib by L1, Fy=200 inl<25 |E>150or M>15 Inl<25
dbhj+2j Fy=25 Inl=25 2F=25 fmyl=25
I %% = M
: 2
Ja | hHA(TT = 1+h+X 1EiL. Ey=20, inl<ls =15 or M>15 Inl<2
1 hy. Fy=dil, Inl<2s T =41 inl<2a
) !-:IHIi“ = Ml
b+ tag. jetis) 1-2f Fy=25 Z<inl<dld |J=25 2inl=a5
da | hHAMTT = h+h+X | 2hj Ey=a, inl<2s 21 =6 Inl=25
E-.II'III}-:\ = _I_l]
b |+ tag. jets) 1-2j, E>25 2<inl<di |25 2einl<ds
5 QOB = W {1 v) W {g gl THT, Ty=5 inlals E=30or M>3 inle25
+ Tt Jelis) 1-2 1. I,I:HIII_ inl<23
E,miss s 150
-2j E=25 2<inl<435
Bl lv+X) L1, E>20, Inl<25 [E =150 M>15 Inl<25
b+ 25 L2235 Inl=23 2H=25 fni«<25
i miss = 2()
7 Q+1v+xi+h LT, Fy=20, Inl<25 BEo=l3orM=F5 inl<25s
I bj, ¥y= 215 [nlels J =25 i3
1, F=25 2<inlcds |1225 deinl<ds Need estimation of
i miss = 30)

Notatons: 11y - sofated lepton, by - bejet. hy - "ta-like-jet”, j - lieht quark jet.
F 1 imgger objects: B - psolated ofy chuster, M- moon, J- el T - solated " tao-lke” cluster,
collimated in BECAL, values of bt for LI thresholds comespond o etficiency ol about 93%
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L1 Jets/MET Trigger Table

Trigger Trigger Fop | 95% Efficiency | 90% Efficiency | Incremental
Type Cutoff Threshold Threshold Rate
(GeV) (GeV) (GeV) (kHz)
Sum Eg 4003 0.3
Missing F'p 80 L 200 | 0.9
Electron 27 35 33 5.3
Dielectron 14 22 20 1.3
Single jet 100 155 142 1.0
Dijet 60 106 100 0.7
Trijet 30 70 65 1.3
Quadjet 20 52 49 1.0
Jet + Electron 50 & 14 0.3
Cumulative
Rate 12.1
(kHz)

Table 1: £ cutoffs, 95% and 90% efficiency turn-on thresholds and incremental rate are shown for a variety of
triggers at £ = 10 em™? 571,

Pure Jets trigger good for mass scale above 300-400GeV
but,

Higgs study (and others) need to cover 100-200GeV region, too.

=> How low Et can we go?
=> Need to combine with other objects (leptons, b-tag).

Status & Plans for HLT Studies by the Jets/MET Physics Group, 6-June-2000, S.Kunori



Software Tools (1)

CMSIM116
 GHEISHA / ECUTS=0.1MeV(em),10MeV(had)

e Geometry

« Old eta segmentation - mismatch to EE crystals.
e (0) 1.740-1.831-1.934-2.049-2.181-2.336-2.520-2.704-3.0
e (n) 1.740-1.830-1.930-2.043-2.172-2.322-2.500-2.650-3.0

e z position of Endcap: EE-HE-ME boundary
 magnet on/off- 2.5cm shift

* Not realistic material for cables, support structure etc. For
Tracker and EE.

* No time jitter
« TOF in 10nsec unit in Hit
* No time jitter due to variation in clear fiber length

« HF Shower Library - small statistic
=> Need to update before next production!
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Software Tools(2)

ORCA4

 New pile up mechanism

o Calorimeter: restructured + bug fix
¢ Segmentation: some changes
* long.- 2in HB & HE (towers 15-17 in HE added to HB)
e eta - mismatch to EE crystals in eta 1.74-3.00
* phi- 10 deg in eta > 1.74 (split to two for trigger tower)
* Readout simulation (same as before)
* no time jitter / small noise in HCAL / QIE pulse shape
e L1 simulator
o seamless 12x12 sliding window up to eta 5
 HF included for MET
* New tau algorithm
o Jet Finder
* iterative cone (among many algorithms)
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Software Tools(3)

Ntuple maker
e used for studies on-
 trigger (L1&HLT) / HCAL electronics / physics

 multiple versions of ntuple files

e one for Jet/MET
e kine, L1 jets/met/tau, E+H towers, jets, met

« one for electron/photon

=> need a unified one for all physics objects!
* Desirable features
e easy to expand (e.g. add obj’s & re-reco. obj's ...)
e easy to customize
e limitation with ntuple?
* need to move to a new tool?

Status & Plans for HLT Studies by the Jets/MET Physics Group, 6-June-2000, S.Kunori



ORCAA4: RHIT and E+H Towers
for single pion

ORCA4. Single pion of Et=30 CeV

w 40 T
o N Energy Scate:
¢ 38
S B
O 36 [——@-RecHits
0 34 Q- -Towers>100 -MeV
E 5
- i,
32 | ¢# % +*
30 4 * 5 4+
4.t
6 ¥ ¥4 +*
26 T, 00
T ¢_‘I’ T
24 | *
25 : ane. gize. (.6 orpund true. pion. directian
L ho pile up
20 _IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
6 05 1 15 2 25 3 35 4 45 5
71 of pion
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ORCAA4: Jet Finder
(simple cone)

Tagging jets Tau jets
g CRCA4. Togging jet Mu:e'zcma 0.8. E+H towers ORCA4. Tau jet scale. cone 0.8. E+H towers
§1'3 = ® na pila up E i ol 8
!:':;":2 ¥ _<17.5> imin.bias -."54_1 s {EJJ.ﬁ ¥ no-gile-up
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7 of jet n of jet
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Data Sample

QCD: 15-470GeV Min-bias
Et events Signal
e 10-15 e ttH(110), H->bb
e 15-20 e qqH(135), H->tau+tau
. 20-30 * et
. 30-50 . h(200.)->tauttau
. 50-80 o ej/lemuljj
* h(500)->tau+tau
e 80-120 ° ”
e 120-170 ° Sugra
» 170-230 Single particle
* 230-300 e pion (5,30)
» 300-380
o elec.(?)
« 380-470
Total 600K
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Jet Energy Correction

Et-eta dependent correction for QCD jets

R=(.5 no pileup R=.5 pileup
all W mdf e uE] v mdf 3661 4 340
E ’ Al LO0Y £ J64JE-02 E 1.2 Al e 83 E-02
\ﬁ I friet it "*H:-&""-‘-* =+++&b+j “3 I #‘A""-F'T":-L '+'=T'T'+ -‘-'f##i""'*-
= w = ol
= 0.8 “ﬂ+mﬂﬂw'-v-rﬂ‘4+¥iﬁ+—* = 0.8 okoat gt ettt et
L P _ i
0 50 100 150 200 250 3{]1] 350 400 0 50 100 150 200 250 31]1] 350 400
m'-n {GEV} m-n {GE‘-"}
g 1 b2 ndf |7 39.08] 7 29 g Th/ndf | 7 28.26] 7 29
- 12 Al 001 & 1546E02 = 12 AD 00l 4 IT6sE02
Eé I +;+_+ _.L+_._.+-|-—|-+___... g T +_¢._;_+ EE I :#5_!_ _L+:.-|.-|-—-|-—|-= :_L_'__LFI--_L_:_-:-';I 'i'
= L el BT TR .
m {LS =P . ""'+ ma m "-S _H__...-i-rtut—-—l--'_—l—+_|.ri-+++
| | +~.—++*+* —-—¢—¢-1_++ ] 5
u'h-.‘:%””-zllll-llI“ﬁlll I 2 3 IlMi’-3 -2 -1 0 1 2 3
T]gEn “E"—'“

=> Need additional maps for L1 jets, tau-jets and b-jets.
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Jets Resolution
Before/after energy correction

(Average over eta range < 3.0)

cone R=0.5, no pileup cone R=0.5, pileup
- 0.6 R PR L R P L RCALE B AR E ) (UL F R - e T
= ] B ;
© s Op/Et= L6SNEL+0.08 1 ' g5 oy /Et = LTINEt +0.09
Og/Et=1.13VEt + 0.07 o /Et = 1.30MEL + 0.07

0.4 [ HB+HE i 0.4 HB+HE -

50700150 200 350 300 "'*5“ 400450 500 507100 150 200 250 300 1511 400 450 500
Etye (GeV) (GeV)

Lt:l]
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Pile-up Effects

(in-time only)

X-sec =55mb >>> 17.3 min-bias/crossing at 10E34

Particle level Calorimeter
= - 20 |
S Sosl |
= i i
3. MHHHIH!HW im 3175 | |
ST 'I|H no qut ~ ST
= B — i |
& 15} 'y £ o B
S ' h & - g
$i2s i:iiiilii‘:i:‘iiiii‘%iiiii} - ' Z1z5 ool T
<X M RE T 0/5 GeV < 1||}HH'{ i A no cut
& 10f . G 10 M
v C | - L
7.5 I . 7.5
; | ' :|. GeV i '
L I i
51 S - 0.5 GeV
2.5E 25 1. GeV
0 1 2 35 456 7 8 910 O™ 1234 5% 7 8 9 10
etd eta
~17GeV in unit (eta x phi)
(Cuts: on Tower)

(equiv. to radius 0.56)
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WINDOW ALGORITHM

The modified window-type jet finding algo-
rithm was used to search ”jet-like” clusters
above the average energy.

1. All possible rectangular windows (includ-
ing overlaps) with given radius R = AT+ A57
(window size = 2R} in calorimeter map in n—¢
space were constructed.

2. The window energy was calculated as sum
of transverse energy cells £, over all n, cells
included into this window minus background
energy per cell:

Eu'."ﬂ-d = ?{E-. - fE:(ﬁ') T D('I:}H]}

where E.(n) — the average transverse energy.
D.(n) = \(EZ(n) — E(y)* — dispersion
in cell as function 1.

3. The loop on windows starts from the win-
dow with maximum transverse energy.

4. The non-overlapping windows with energy

E\ing > 2y D,(n}* are considered as candidates
for the jets.
5. Cell with maximum of transverse cnergy in

window is chosen and considered as a center
of this jet.

Window Algorithm

(with pile-up energy subtraction)

6. Cells of the window within radius R around
jet center are collected.

7. E.(n) and D.(n) are recalculated using cells
which are not covered by jets.

8, The jet energy is calculated as ecuergies
of collected cells minus mean background
energy per cell:

Lo = T{E: = [Eu(n) + De(n)]}.

9. We also use criterium on intrinsic struc-
ture of a jet, which allow to cut background
more effectively. Only jets with the energy
density E(0.TR}/E;: > 0.7 in center r < 0.7R

region of jet are accepted.

-Developed originally for jets
in heavy ion collisions-
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20 GeV Jets at 10E34

Effect of pile-up and Et threshold on towers
(Window Algorithm with in-time pile-up energy subtraction)

| Energy offset
Resolution due to pile-up

Delta Et = (reco with pile-up and thr.cuts)
-(reco with no pile-up and no thr.cut)

06
12
05 » 10
/ \ ~-R=06
8 8-R=07
-k
04 %/ \ - R=10
5 S 6
5]
ERY g
g o M
[ "
02 “+R=06 o 2 \‘
#-R=07 .
~+R=1.0 ' '
0.1 0 05 \4
2
0

0 0.5 1

Threshold on ECAL & HCAL cells (GeV) Threshold on ECAL & HCAL cells
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Low Et Jets and

70 F
S [ E, > 40GeV
— 80 [
= -
Z. 40 |
30
20 £
10 F
1 0 - |
4 -2 0 2 4
[ et
g0
= oo 250 |-
o~ a0 E_l_. = A0GeV :“::.E!'- : “J'Hf = Eq = 200GV
“:F;-_ 70 3 i -
6o F
= 50 F
0 F
30 F
= i
2'] E fu i."ﬁ EID A ';-'E
0 B 7 il i o b
= i e Ty
UE’l”'1=|||||||||||||||l1'; ﬂ it v o Loy Loy g by oy iy
—4 -2 d 2 4 -4 -2 Q 2 4
c) URES d) et

Pile-up

— Reco with pile-up
....... Reco w/o pile-up

-------------- Generated

(R<0.7)

Fake jets <40GeV

=> core of jets
=> smaller cone
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Seed Cut

Number of Jets

No cut 2 GeV / (0.087x0.087)
seed 2Gev (QCD 30-50 sample) seed 2GeY (QCD 30-50 somple)}

F D 023 o C D 8023
400 | E:.;::B- ,;,3_-,4‘33? E 9% B Mebn 1~ 2020601

C ) J RM= 3144 ] w— 80F R ﬂ 1,808
i 2o L

: i H ¢ 70 Tkt
300 i - o H ﬂ JJ { ﬂ

[ £ C ! Hi

- ] L‘ 3 60 | It
250 | pa - J\w Ir U

- 50 ¢ i
200 | JLL L J {

C 40 L 1”
150 ]HHL :

100 | J § S
vty T
50 [ . ]

f _i ; PR .:1;-.“’:_—_1 A -.__"l_-}.:-_ ! '_1'::4".}; :r‘::l“:r: I I::u |

Tt
[N S

eta ota
Suppression of fake jets!

... but arate calculation shows
remaining fakes still too much for trigger.
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Window size for Low Et Jets

Efficiency

L3D = 1 GeV (Lincarized)

= In < L2 L =0t Sliding windows
2 % B el mad of 2x2 towers.
g * al 42 GeV F o NCRY
=0
E 100
E = 11GeY : -
=l Rejection
- 4L e LT : . .
£ of in-time pile-up events

for 2 jets in eta<2.5

E =160l 6X6 4.4
R 12x12 2.7
E o l1c 4x4 3.7

50 &0 [l B0 90

Hadron Level Jet £ (GeV)
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HLT Jets Algorithm

e Improve Et resolution and Et scale

e improved jet axis with finer granularity (1x1 instead of
4x4 towers)

 LSB: L1(Et=0.5~1.0GeV) -> L2(Et=0.2GeV)
* energy calibration (non-linearity, pile-up energy)

 Reduce low Et fake jets due to min-bias pile-up
 jet shape
 smaller window size

« Combine with leptons and MET

e cuts on correlation, e.g. delta-eta, delta-phi...

L3
e b-tagging
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140

120

]
]

m
a

Average MET (GeV)

£
()

20

Offline MET Resolution

QCD Jets with no neutrino/muon

(no pile-up)
Iz 2082
Entries 25201
hean 1556.
RM3 545.8
B LIDFLW 0.
OWVELW 0.
+++J[JrH HL[ { |
+1
B ++++++++H+HH + i
+F *
- +++++"+
+++ 18 GeV for 17.3 min-bias
L +
L+
1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
0] alaln} 1000 1500 2000 2500 300G
met vs set {no nutrino) SC al ar Et

Ex = S (Ex-tower)
Ey = S (Ey-tower)
Any way to improve this?

e.g.

Ex'=Ex+S ( D(Ex-jet))
Ey’=Ey+S ( D(Ey-jet))

Does this work?
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MET with Pile-up
(eta5vs 7)

(CMSJET simulation)

Particle level E.miss calculation for various n coverage
a
m 'c
E 10 e Eme—o77CeV ; ——  <Emiss> =17.80 CeV
> n= T - &
:E . ,,‘_: """" <E miss> = 21.53 GeV
Q105 e (E miss> = 15.50 GeV a
< . -
103 Pile up : <N,,>=17.3
(PYTHIA 6.136)
10 4 é Pile up : <N_,>=17.3 g
i (PYTHIA 6.134) £
! ;3 10 ﬂz't; 30 40 es'o:“E 6070 so 90 100 ﬁ
ETmIss (GeV) §
MET (GeV) | °*
gen. cmsjet 100 120 140 160 180 200
eta res. all(*) Eqmiss (GeV)
5> 1549 1936 21.53 ~ Equal contribution from
7 5.21 12.92 17.80 - eta 5-7, resolution and B-field
(all =res. & B-field & vtx smearing) (15GeV) (12GeV) (9-12GeV)
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Rates with Pile-up

No pile-up In-time pile-up
w  F 15-20 GeV/c W Lp=115-20GeV/c
10 2030 GeV/c T.nd p =20-30 06V e
< = 30-50 GeV/e trigger towers &1 S~ trigger towers
310 £ acD :rnini--jEtS ..E 1;___9_{___= 3’9:;?3_(33\/ c gge et i
E “ no plle—up E10L QCD . mini=jets
g ’gmz_-ﬂk.
- - Ep =
S10E v ERT
< ‘310 L
S 1T 510 gRz
N0 R O g LRl
o f
I 10 L
10 ; """"" _25
-4 10 E
L e B S i, 5 i
_55 —3
P "0 7364080 80 100 125-140 60 3¢ 0
missing FJRBe\})S

20 40 60 80 100 12n9||is15ﬂ'1% Ig.?ee\}?o

Huge rate below MET < 100 GeV
due to min-bias at 10E34.
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MET for Signal Events with
Pile-up and Tower Threshold

With 17.3 min-bias events No min-bias

20 RMS tth with 17.3mbb
. E35Gev 28| 15 E37 GeV om| 20 F36GeV | [me

n L C 4 15 “E
10 E_ > 5 GeV 1B 5_ >1 GeV 10 — >1GeV
3 S F 5
D:lllLIll.l I | D:ll | | DE|II|||||||| |
-200  —108 ¥ 100 200 —200  —100 0 100 200 —2O00  —1Q0 Q 100 200

GeV
MET—GEHN (towar.gt. 0.5 MET—GZEM (towsr.gt.1.0% MET—GEN (towsr.gt.1.0%

15 £42 GeV e w15 FA4 GeV owm

- =M T - finm +oon
,,lD —_ T 0. '|D — AL 1] —

: > 2 GeV E 3 Gev Tower = Ecal+Hcal
s E 5 -

0 0
=200 =100 D 130 200 =200  -—100 Q 100 200

MET—GEM [tower.gt.2.0) MET—GEM [tower.gt.3.0}

>> Not much pile-up effect with this resolution!
>> Resolution gets worse as threshold increase.
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HLT MET algorithm

e Try to Improve resolution
« energy calibration (non-linearity)

« Combine leptons and jets to control rates at
lower threshold.

o 77?7

L3

o 77?7
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Improvement of Tau id efficiency

L.2.0 calo Tau Trigger with old L1 jet triggers

1. Reconstruct Jet in a region located on L1 J1 Region (J1 - highest E, jet)
2.0LD - Calculate e.m. collimation parameter P =X E,*'(R<0.13) / X E,*(R<0.4)
2.NEW! - Calculate e.m. isolation parameter P;.,= E;*'(R<0.4) - X E,*'(R<0.13)

3. Accept Jets with Py < P igo™

Usage of P, instead of P., removes strong p,dependence of tau-id efficiency

EME .. Holation < b dev

1 =

- 95!111'!"’11""""'

30

E':“T"';,:,::“”':.E'”':"”‘-.a-i”-r:.r”:'n“E

o

u,u.E T naple up

H-*EII rri IIII+II-‘I.HI1HI.IHIHIFIFI1I:I:'F?.||| IO I A |
78100 129 130 178 200 208 amg

me pe 0T T=Jot, GoY
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L2.0 Tau trigger efficiency

1.2
1 ! r L
. |
I '-. ¥
0.8 = i"
- i
L .l_Ii
0.8 i
: L e
N &
0.4 . d H?ggs—ﬁm-ﬁ-?rﬂ-ﬁe;n'
% | ~ Higgs moas 200 Ge‘lhf
0.2

10 1 10
L2.0 Tou trigger rote for L=10"cm™s™", kHz

L2.0 Tau: Efficiency and Rate

Efficiency for H->171->jj events passed
TP L1 1-4 J Triggers and off-line selections :
1prong t-jets of E;>60 GeV

and rate of L2.0 Tau Trigger running on
highest Et L1 Jet from L1 1-4 J Triggers

L1 1-4 J Trigger rate is 5.5 kHz
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Possible L2.0 Calorimeter Trigger
with new L1 tau trigger

1. Reconstruct Jet in a region located on L1 Tau1 Region (Taul - highest E; tau-jet)
2. Calculate e.m. isolation parameter P;.= E;"'(R<0.4) - £ E,*'(R<0.13)

3. Accept Jets with Pigq < P ism':“t

J Old L1 jet trigger preselected narrow jets EL ;

: . St |
In the turn on portion =
ﬁ L

0e :
J New L1 tau-trigger will do the same : E :
select narrow jets 6 |

7 |
‘ 0s |

DO NOT EXPECT THE DEGRADATION OF os
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HLT Tau algorithm

e [Solation cuts

L3
e track match for isolated charged track
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Plans for July Milestone

1) redo L1 rates

2) construct maps for eta-Et dependent jet energy correction
for offline (L2) and L1

3) do L1/L2 jet rates with jet energy correction

4) see effect of jet energy correction on offline MET
5) do L2 MET rates with jet energy correction, if 4) works.

6) calculate L2 tau rejection rate with new L1 tau trigger.
7) support e+jets by the egamma group

8) start developing a common ntuple for jets/met/tau,
electrons/gamma and muons.
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After July Milestone

1) tracker information for L3 tau trigger.

2) proper HCAL electronics simulation.
(pulse shape, time jitter etc.)

3) optimize offline MET calculation

4) optimize handling of low Et jets (Et<40GeV)

5) improve jet energy calibration and pile-up
energy subtraction

6) migrate to a common ntuple.

/) production with new cmsim (updated geometry,
larger HF shower library, etc.)
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Summary

We have better understanding of offline
jets/MET performance at 10E34.
 We will try some of offline algorithms at L2,

and calculate rates and efficiencies for July
Milestone with ORCA4 MC data.

Triggering on low Et Jets and low MET is a
real challenge at 10E34.
e It is highly desirable to have a flexible system

from L1 through HLT which accepts new
golden algorithms in future.

Tracker will be a key for L3 tau trigger and
b-jets trigger.
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