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Motivation

* Quarkonia physics in CMS at LHC

— Pb+Pb collisions will create

[H.Satz, hep-ph/0512217]
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* Why is the trigger important?
— No trigger means No data!
— p+p and heavy-ion trigger menu is different.

— ldentical, or at least similar trigger setting as in HI is needed for p;
spectrum of quarkonia(extended to low-p+ region) in p+p for Rx.

 CMS Trigger Strategy for 2009

— For 2009 physics data taking in p+p, new compact trigger menu was
developed and focus on specific luminosity scenarios(L=8E29, 1E31)

by trigger review procedure.
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CMS Muon Detectors
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CMS Muon Trigger
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L2 Muon Trigger (StandAloneMuon)
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Fig. 8.6: Muon Trigger data flow.

Finally up to 4 highest p; muons are
transmitted to the GT among at most
16 muons candidates.

 Seeded by Level-1 muon.
 Kalman filtering technique.
* Fit track with beam constraint.

* Filter : p;, invariant mass, etc.

* Track reconstruction and
matching with track in muon
chamber and inner tracker.

* Finding vertex.

* Filter : p;, invariant mass, etc.
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Default Setting of CMS
dimuon trigger

« Descriptions of HLT DoubleMu3 for p+p run

— Adouble muon trigger, based on the Level 3 (combined muon system
and tracker) HLT muon reconstruction.

— At least two L1(L2/L3) muons with p; > 3 GeV/c are required at corre
sponding higher trigger level.

Din,;ton $ 12 l:uo(;l @ Dinlflon @ L3 T"oct"i Dir:-lion
filter reconstruction filter reconstruction filter

MaxEta = 2.5 MaxFEta = 2.5
l L1_DoubleMu3 l
MaxEta = 2.5 MinNhits — 0 MinNhits = 0
MinPt =3 MinN = ¢ MinN = 2
M ality =1 MaxDr = 9999 MaxDr = 9999
Mighi:= 2 MaxDz = 9999 MaxDz = 9999
NSigmaPt = 0.0 NSigmaPt = 0.0
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Suggestion : Remove p; cut

» Several reasons to remove the low-p; cut in CMS default dimuon trigger

RHIC measurements are limited at low p; region.

All measurements “in-medium”(HI) are in comparison with “vacuum”(pp)

CMS detector can measure muons down to ~1 GeV/c in the forward region.
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Shape of p; distribution is the essential tool to differentiate production models.
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CMS Default vs. New setting (4%
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n & p,Specra : J/w

« MC signal sample

— PYTHIA6.416, Vs = 10 TeV

— 79,004 Jhys which are forced to decay to u+p-
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n & p, Spectra : p+p-

 MC signal sample
— PYTHIA6.416, Vs = 10 TeV
— 158,008 muons from J/y decay

Entriez 158008 Entrias 158008
Mean  -0.01657 Mean 2,088
gdﬂﬂﬂ:" T rrrprrr[rrrprrr[prrrprror 1| RMS _ 2.908 o 1{]5 :El L — T T 1 T T 1 T T T T T T T T T_RMS 1.493
= - . E =
gsmu_— - 5 8
= F . z 10°F =
3000 — F =
2500 — 10°F =
2000 = - .
- - i0* E
1500 - 3
- - “ + ”- -
1000 — 10 —=
500 — -
- ] 1 =
[, -] | . . | | N | =
Og 10 0 5 10 15 20 25 30
l p, (GeVic)

25 — 26 Sep. 2009 Heavy Ion Meeting 14




KOREA

UNIVERSITY

Triggered Muons

CMS default (HLT DoubleMu3) vs. new setting (HLT DoubleMu0)
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Muons in the forward region
can be survived more!!
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Trigger Eff. : Muon
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Triggered J/ws

* CMS default (HLT DoubleMu3) vs. new setting (HLT DoubleMu0)
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We expect low-p; J/ws (< 7 GeV/c) will
be triggered by using HLT DoubleMuO.
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Trigger Rates
and Statistics
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Pb+Pb vs. p+p Trigger

Level 1 Trigger
- Uses custom hardware
- Muon chamber + calorimeter information

Detectors
o Level-1 Pb+Pb(5 TeV) p+p(14 TeV)
Digitizers
Collision rate 3kHz(8kHz peak) 1GHz
Front end pipelines Event rate 3kHz(8kHz peak) 40MHz
us Output bandwidth 100 GByte/sec 100 GByte/sec
Rejection none 99.7%
Readout buffers

High Level Trigger

JNT Swiching network - Full event information available
Wi ng networ u . " o
g e R - Run “offline” algorithms
High Level Trigger | Pb+Pb(5 TeV) p+p (14 TeV)
Processor farms
Input event rate 3kHz(8kHz peak) 100kHz
sac
Output bandwidth | 225 MByte/sec l 225 MByte/sec l
Output rate 10-100Hz 150Hz

Rejection 97-99.7% l 99.85% l
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M I'rig. Men 8E29
uon 1C, u
-_— - v
Muons triggers L1 seeds L1 HLT L1 rate | HLT rate | Cum. rate | Cum. BW | Trigger Type
prescale | prescale
L1 1. 10 TBD

HLT L1MuOpen SingleMuOpen OR , 10.81= 51.79Hz 7.77 MB/s Monitoring
L1_SingleMu0 1 0.26 Hz
HLT L1Mu L1 SingleMu7 OR 1, 5 TBD 2.19= 53.72Hz 8.06 MB/s Monitoring
L1_DoubleMu3 1 0.12 Hz
HLT L1Mul0 L1_SingleMu20 1 1 117= 1.17=  5452Hz 8.18 MB/s Physics
0.08 Hz 0.08 Hz
HLT L2Mu9 L1 _SingleMu7 1 1 927+ 1.37= 55.15Hz 8.27MB/s Physics
0.24 H=z 0.09 Hz
HLT L2Mull L1_SingleMu?7 1 1 9.27= 0.81= 55.15Hz 827 MB/s Backup
0.24 H=z 0.07Hz
HLT Mu3 1, 1 TBD 2283+ 7332H=z 11.00 Physics
1, 0.37Hz MB/s
1
HLT Mu$ 1 1 3627+  753= 7332Hz 11.00 Backup
0.47 H=z 0.21 H=z MB/s
HLT Mu9 L1 _SingleMu7 1 1 927+ 095+ 73.32H=z 11.00 Backup
0.24 Hz 0.08 Hz MB/s
L1 DoubleMuOpen 1 1 2.59= 043= 7335Hz 11.00 Physics
0.13 H=z 0.05 Hz MB/s
HLT DoubleMu3 L1 DoubleMu3 1 1 2.16= 0.17= 73.35Hz 11.00 Physics
0.11Hz 0.03 Hz MB/s
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uon irig. €enu
= S +
Muons triggers L1 seeds L1 HLT L1 rate| HLT rate| Cum.rate| Cum.BW | Trigger Type
prescale | prescale
L1 1, 400

HLT L1MuOpen SingleMuOpen OR TBD 3.85=0.57 2987 Hz 4.48 MB/s Monitoring
L1_SingleMu0 1 Hz

HLT L1Mu L1 SingleMu7 OR 1. 100 TBD 1.17=0.31 31.04 Hz 4.66 MB/s Monitoring
L1 _DoubleMu3 1 Hz

HLT LIMulOHQ L1_SingleMu20 1 1 1473 = 142=0.34  3238Hz 4.86 MB/s Physics
1.11 Hz Hz

HLT L1Mu30 L1 SingleMu20 1 1 14.73 £ 1021 £ 41.41Hz 6.21 MB/s Physics
1.11 Hz 0.92 Hz

HLT L2Mull L1 SingleMu? 1 1 115.87 = 10.37 = 47.69Hz 7.15MB/s Physics
3.11Hz 0.93 Hz

HLT MuS L1 SingleMu3 20 1 2410 4.27=0.60 51.71Hz 7.76 MB/s Monitoring
142 Hz Hz

1 1 115.87 = 11.96 = 56.81 Hz 8.52 MB/s Physics
311 Hz 1.00 Hz

HLT Mull L1 SingleMu? 1 1 11587= 5.86=0.70 56.81Hz 8.52MB/s Backup
311Hz Hz

HLT Mul5 L1_SingleMul0 1 1 60.07= 1.76=0.38 5681Hz 852MB/s Backup
224 Hz Hz

HLT DoubleMu0 L1_DoubleMuOpen 1 1 3263 = 5.77£0.69 61.91Hz 9.29MB/s Physics
1.65 Hz Hz

HLT DoubleMu3 L1 _DoubleMu3 1 1 27.02= 226=043 6191Hz 9.29MB/s Physics
1.50 Hz Hz
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J/w Triggger Efficiency
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* No prescale for 8E29 and 1E31. p_(GeVic)

Jhy Trigger efficiencies vs. py

Quarkonia Workshop,
Sep. 12-13 2009

25 — 26 Sep. 2009 Heavy Ion Meeting 23




KOREA

UNIVERSITY

A7

Expected Statistics in p+p

O I T . Expected yields per

Month Comment wod " ber | ProtnsBuneh | e | Lty | PP pb! with DoubleMu3
time bunches : s’ ' :

at 10 TeV:
| 1 |Beam commissioning | | | | | [ | |Fustcollisions |~
Pilot physics, partial squeeze, pentle ~25000 Jhl!
2 Emasemhuuchmtensm avaialility | Long | 33 8B 3x10Y m | 86x10® [100-200nb" ~6000 b — Jhp

| 5 s [ 35 [ 8 | sxu® | 2 | pt 1< .10000 Upsilon

J 33 156 52107 iy m [ 17x107 NTOR

~175 B — JiyK
| ~100 B — J/yK*

. ; - 10 1y 10l -1
ush ety se ) 35 136 Tx10 34 Im | 34x10 ~18 pb

['0 crossing angle - squeezmg to beta® =
B |

S tn crossing angle - could at this stage

m at this stage would double these lumi| 5 33 136 10x 10" 5 2m | 69x10™ | ~6pbt
umbers (and the pile-up)

"With an instantaneous luminosity of just ~1e30, in one month CMS
will frigger and reconstruct tens of thousands of quarkonia events

and hundreds of exclusive B decays." CMS Physics Week,
Bologna, Sep. 7-11 2009 |
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Conclusion
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* Removing p; cut certainly shows
better performance for triggering
low-p; muons than default dimuon
trigger setting .

* New setting of dimuon trigger
algorithm was designed for HI
collisions, but will be also used in
P+p.

« Estimated trigger rate is acceptable
level for p+p startup run.

Available on CMS information server CMS NOTE 2008/055

("\\1\9 The Compact Muon Solenoid Experiment [J—
_ Analysis Note (&)

-

The content of this note is intended for CMS internal use and distribution only

Dimuon triggering for low-p; muons in p + p
collisions at the CMS

Dong Ho Moon and Ji Hyun Kim

Department of Physics, Korea University, Seoul 136-701, Korea

CMS collaboration
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Backup Shides




Version : 6.416
\s=10 TeV

Some essential parameters

MSEL = 61 : Quarkonium production via color-singlet and color-octet
mechanism of NRQCD

MSTP(51) = 10042 : PDF CTEQ6L1

MSTP(142) = 2 : Quarkonia cross section damping for reweighting

PARP(82) = 1.8387 : p; cutoff for multiparton interactions

PARP(141) ~ PARP(150) : Tuning NRQCD matrix elements from the CDF data
BRAT(859) = 1.000 : J/psi->mu+mu-
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Dimuon n Acceptance

» Preselected p+u- from J/y decay (|n¥ < 2.4)

Entries 60258

Preselected Muons Mean -0.004303
o FT T T T [ T 1T T T [T T T T[T T 11 1 1 T 1 _BMS 1.251
=] C 7
£ 3500— —]
% C ] :
Z 3000 — Entrles 69258
: ] Preseleted Muons Mean 2235
250‘]__ = 19_ F LA L L L L L TTT L RMS _15?3
; T ]
4 =
1500 = - ]
- = 10°E E
1000 . - ]
500~ - 10°E E
n:l | | | 1 | 1 | | 1 1 1 | | 1 | 1 1 | | 1 1 | | 1 1 I: : :
] -1 0 1 2 3 10 —
n E 3
1_ 11 | 111 | 11 | I L1 | | 111 | 11 1 I 11 1 | L1 1 | L1 | I 11 I_
34629 0 2 4 6 8 10 12 14 16 ?g v 2]0
eV/c
n Acceptance=——=0.44 Pr

9004
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Dimuon Mass Spectrum

: Entries 539
J/v Candidate mass . s | o By using
E‘ _I T TT | T TTT | T T 1T | T TTT | T TTT | T TTT T T HMS 004759
S x*/ ndf 31.24/ 28 MuonTrackAssociatorbyHits.
§ 50[— Constant 47.48 + 2.68
2 T ; Siama  0omot~oomes || Matching muon SimTrack and
40— ] . .
N - ] RecTrack with Purity = 1.
30 | E « Ensuring 2 reconstructed muons
sol B have decayed from the same vertex.
101 = N
B 7 Purlty — SharedHitsBetweenSim&Rec
IR = ol b by b ol [T
99 295 3 305 31 315 32 3.25 3.3 335 3.4 ValidHitsOfRec

mass (GeV/c?)
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