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Selectivity: The Physics I M
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High Luminosity Physics at the LHC

r Requirements:

Tracke
e , \",\\\\ U ol [ f S RV .
i Efficient & robust Pattern Recognition algorithm

- = Fine gr'anulari’rx to resolve nearby tracks
&t = Fast response time to resolve bunch crossings

i Ability to reconstruct narrow heavy object
1
% =1~2% Pt resolution at ~ 1006eV

Ability to operate in a crowded environment
. = Nch/(cm?*25ns) = 1.0 at 10 cm from PV

, Ability to tag b/t through secondary vertex
- =Good impact parameter resolution

|

* Ability to operate in a very high radiation environment

- = Silicon detectors will operate at -7°C + -10°C to contain reverse
~ annealing and limit leakage current

— R ,—-ﬂn':m'mj H 77% 5 2a2i d
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CMS Tracker Strategy
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P Physics Program: Exclusive B decay channels IL'N/FN

Few decay channels chosen as benchmark

® B,ouut X b @ FCNC b— s, loop-level process in SM

@ Indicator of possible new physics

@ Observable before LHC only if drastically
enhanced

@ Unique signature......but BR ~ O (10-?)

® B.J/v o—u-u* K-K* @ Gold-plated decay mode for CP-violation
S Vool K @ Sensitive to new physics
@ Won't be studied with big accuracy before
LHC

Triggered @ L1 by the presence of 2u I

® B,o»D it —pr-mrkK-K+ m-m+ @ Bo-Bg Mixing
u,C, t . .
¢ B, flavour @ decay time unambiguously

-« - < {
W § §W tagged by D¢ sign
—> > »—

U, C, 1t
Triggered @ L1 by the presence of 1p (from the semileptonic
decay of the other b hadron in the event)

.- ... __________________________
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High Level Trigger & Tracker IL’"/F"

Lvl-1 = "crude” granularity and Pt resolution:
Rate dominated by mis-measured jets & leptons_

HLT task: reduce rate by ~ 1000
Exploit much better granularity and
Pt resolution to correctly tag and
retain only interesting physics events

Filter Farm 2000 CPUs

Foreseen mean CPU time

L

[PentiumIII 1 GHz]: 300ms/ev g 2
1 event ~ 0.5 MB ~0.5TB/day

4 DAQ slices in 2007
=>50 KHZ into HLT, 100 Hz out

"How can I kill these events using the least CPU time?"

o The fastest (most approx.) reconstruction
o The minimal amount of precise reconstruction= @& @ HLT Tracker
o A mixture of the two Strategy

2004 LHC Days in Split
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G(ptrec-ptsim)[GeWc]

Reconstruction of charged tracks with Tracker
(trajectory=helix) from inside (pixel) out (u-strip
detectors). Pixel Occupancy ~ 104

Transverse Momentum Resolution Impact parameter Resolution

e //j
HLT Tracking I (N

—

[ | <
-g 70 %
< 'UD r o A 5
(a) : TR o .
025 - )
oz 50 3 °
0.2F . - g . .
: ) sof 2 ) S Pixel  p-strips..
0_15;— 30;— Q o . 2 3 5 5 3 ”
0_1:— 5 20;_ ' : B S e o o
. i B S SR S T R |-
0.05- 2 8 2 s Reconstructed Hits
- s o e
B R R S U B T RN
y Reconstructed Hi]s At HLT we are not necessarily interested
in ultimate resolution.
Full tracker Good track parameter resolution for moderate Pt
performance tracks is obtained already with 4 or more hits
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a 219l Only Pixel Detector §
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X ZO Z 250 __._..._...._..._....._._......_._._._...... i | e s R

200
‘Hit pairing with a straight line in rz 8oy
- IP<1 mm 100
- Pp>1 GeV :
Matching with 3 layer — track candidate 50|
PV candidate if > 3 track cross z-axis _

-Signal vertex from 2P+ and N ..cks %03 002 0 001 oo2 oo03

Zreconstructed-Zmc(cm)

Average time:50msec/1 GHz PV efficiency >95% in high

—_—————— . _________| 1 N
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HLT Secondary Vertices Reconstruction I

INEN
,KIQUDZ—
Exclusive Vertices Secondary vertex giﬂ
resolution using Kalman Filter ¢
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- HLT and Offline Exclusive B.—uu IL'N/FN

Lvl-1: 2u P>36eV, £=15.2%

HLT strategy: '
el F?iiel coods | B, Mass resolution cul Tracker
with P> 4 GeV in n-¢ region 35!'"'1- “t fll rmcker
around trigger u's £ o g .
- Conditional tracking: § = f’; "
- stop if p<4 GeV/c @ 50 = 5 “F
or N, ;=6 or a(p,)/p;<0.02 15t o
- B, reconstruction if only 2 0 5 =74 MeV o o =46 MeV
track candidates with opposite - i
charge in £150 MeV window T b j
- Vertex: y>< 20 and d,,> 150 pm oy iy D00 103

Aver  Old offline analysis (hep-ph/9907256 Jul 1999) predicts:

v 14 evts + 2 bkg @ 90 C.L. with 20fb-1 (1 year @ 2x1033 cm2s1)
v Bo observation with 40fb-! and feasibility @ high lumi too
......... But L1 is in |n| < 2.4 + slightly different kinematics cut
Update foreseen for the CMS Physics TDR

. . ... _______________________________
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™ 1nching Ratio (Higgs)

Statistical Significance

114 GeV/c?
(LEP2 limit)/\‘

Physics Program: SM
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H — Y. inclusive, NLO

H + jet, H — 7Y, NLO

WH, H =y, Wi+ vy

H— ZZ* — TIT, NLO

H — WW* — vy, NLO

gqqH. H — ¥y

gqqH. H — 7T — lepton + Tjet
tiH, H — bk

WH, H — bb
Total significance
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1000
(GeV)

Explore the full mass range
from 0.1-1 TeV, search signatures
depend on Higgs mass.

* H—7yy, H—Dbb channels used

to probe the low mass region close
to the LEP limit

* Golden channel H -ZZ —4l,
excellent e/u momentum resolution
allows for a distinct mass peak,
extended mass reach.

H ->WW* -212v fills the gap
around my ~ 2M,

« WBF channels used for high Higgs
masses. Recently turned out to be
quite effective also in the very low

L. Silvestris 11



a Trigger a b Jet at HLT using Tracker INFN

ief direction CalorimeterN 3
e

N
_ >
beam line / 1

P Ro

let

From pixel hits and calorimeters:

- The seed for tracks reconstruction is created around the LVL1 jet
direction

- Primary vertex is calculated

Tracks are reconstructed in a cone of AR>0.15 around the jet
direction

Tracks are conditionally reconstructed
The Jet direction is refined using the reconstructed tracks

. . ... _______________________________
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Efficiency
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0.Br=300 fb
Challenging and complex topology I‘f‘

4 b-jets, 2 jets, 1lepton
H — bb §

t—» hﬂq'

t — hiy ”ifm-f.'

- Fully reconstructed final state- expect v
- Required good b tagging and t tagging

+ Trigger: t —b(e/w)v

* Reconstruct both t quarks
- Backgrounds

» Combinatorial from signal

* Irreducible ttbb (t1jb, t1jj)
- Signal significance (50) :

* M, < 120 GeV needs 100 fb! :

* M, < 130 GeV needs 300 fb-!
- More studies on going in preparation . ‘Iz';q d
for thsics TDR. 0, (33) [GeV/E']

2004 LHC Days in Split Physics with the CMS
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30 fb!
| M= 115 GeV

Events for 30 b/ 10 GeV/c®




INFN
(e
H%W: dCCGy IS rare (B~10-3) % L L CMS
E H . Yy
. . . = 7000 _ I
- Motivation for PbWO, calorimeter. = mg = 130 GeVie
T

- EM Cal to achieve #1% resolution on M, = 8000
£100 fb!

1.4 | Al Tracker LJJ‘L Radia'ﬁon U

. ] .
120 1230 140

M Beam Pipe
1.2 [ m Sensitive

Electronics | Xy Llrae™ o 2 3
1 m %upﬂort 2000
m Cooling a ] R
[ | Cablg § i Perfect vertex
£ 08 g -

How Tracker helps in this ww { Wit corectionyy

v | \”\ “ ““ “ “H\“ ““ “ ‘ N “ “ ‘ ‘H “H N { analysis: ; \

o
0.4 | * Find vertex for o =820MeV |
H->yy signal

o MEEEEEEEINERR=LS  « Photon con.ver'.’rion o - Mo conection
N reconstruction in
Reduces (somewhat) efficiency for Tprqcker _ e
usefully reconstructing H —_.yy B e

2004 LHC Days n SP/I.f P/‘IySI'CS with the CMS Tracker Higgs invariant mass, GeV



H—ZZ—0+0- 040~ (¢ =e,u)
- Very clean

« Resolution: better than 1 GeV
(around 100 GeV M)

- Valid for the mass range 130<M <500 o

Higgs searches: H>ZZ— ¢t~ ¢*¢ (¢ =

¥
c
M.
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Q.1196 I

e,p_t) I

e
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] - st Nszionate

TK — u-chamber

Sigm

T

0 0250

GeV/c? ) !
MH - 130’ 150’ 170 Gev I : : : : : I-1 -0.8-0.6-0.4-0.2 -0 0.2 0.4 0.6 0.8 1
E———— === \ Homem 220t £ L2 8
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40 |=— —_—
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4e; L for 5 o discovery, fb" 351 106 31
4y; L for 5 ¢ discovery, fb 152 35 15| 415 Tracker

125 15 1.75 2

5075 1
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Physics Program: MSSM Higgs A H IL'"/F"

G (pp—h / H+X) [pb]
Vs = 14 TeVv

M, = 175 GeV
CTEQ4
tgp = 30

Production predominantly via gluon
fusion and bbH

Associated bbH,A production
enhanced by tg2B in the MSSM wrt
SM

Heavy SUSY Higgs

| CMS, 30 fb™!
M. Spira et al. 4
Ol 40 L Ht=Hb H = s
500 100 |= Y &Y
= £ -
2 $
Most promising channels: 1 S
- & No stop mixing
.A/H_)TT, BR N].OO/O o0 B t:‘*q @Q_l? MSUSYW I TeV
*A/H—pp, BR ~0.03% i N
A ’ 10 [ \A, H > 11
(Insensitive to stop mixing) i
_uEuxucuhllu 1:.:'|I:F"r|||_l::|:_‘ml||||I||||I||||I||||I||||I||||I||||:|
g 100 200 300 400 500 800 YOO 800 200 1000
B and t tagging play a key role m, (GeV)
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Trigger a t Jet at HLT using Tracker IL'N/FN
AC/HO->21->21 jets

Regional Tracking: Look only in
Jet-track matching cone
Loose Primary Vertex association
Lvi-2 T-jet axis
'"'1 ‘

Conditional Tracking: Stop track as soon as
Pixel seed found (PXL) / 6 hits found (Trk) _
If Pt<l GeV with high C.L. signal cone i
Reject event if no "leading track” found o
g
Regional Tracking: Look only inside >
Isolation cone SRS U3 S~
Loose Primary Vertex association - £ &
TN TE /S
Conditional Tracking: Stop track as soon as £ /&
Pixel seed found (PXL) / 6 hits found (Trk) /.
If P+<1 GeV with high C.L. p p
— -
Reject event as soon as additional track found
Physics with the CMS Tracker L. Silvestris
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Trigger a t Jet at HLT using Tracker IL'N/F

By adding a few Tracker hits, can measure track momentum:
Cut on leading track Pt (>6,7 GeV) allows to reduce isolation cone

size => higher signal efficiency and less sensitivity to pile-up
AO/HO->21->271 jets

Luminosity Configuration/Trigger My, =200 GeVicz M, =500 GeWicd Qce

2103 em-2s-1 Staged pixels, Track Tau 0.3355+0.006 037540005 (86161 10-4
Low £ 2x103cm2s- Full pixels, Track Tau 0.43340,006 0.480+0.005 (834160104

2103 2em-2s-1 Full pixels, Calo+Track Tau 0.446+0.00 O.47 0.486+0.005 (1040, 25 10-3
High £ 10#em-25-1 Track Tau 0.346+0.006 0.420+0,005 (1130410

1034 em-25-1 Calo + Track Tau 0.361+0.00 Q_4Q 0.427+0.005 (944300104

Trk tau fast enough at low luminosity for full L1 rate
At high luminosity currently need a moderate Calo pre-selection factor to reduce time

02 E o — I \,'Iean ........ 02334 025 - T LT T EE e r e e e EeSeseeseseeserpesnnssenaas 0o
O-I 75 E ] - | ................ e E %_— | mean 02455
0.15¢ N NN N N i 0.2t S U RIS S S m—
0.125 ; s R B | e R i [0 T o 0 50005555 WO RSRNPRNE SOTSIPRNS ISR SSSORIS SISRIOE SIS SOPSOO:
0.1 F P S 5
0075; ] ""I"'E?OW'EL e J0 T 0.1 : .I L%'\;,ITL - .  S— .
0.05 EESuilueddasd e I .
0. D25 Bt o sy eevesssbessssssssssbrsssssssssssrsssssssnes B S 0.05 m """""""""""
O Lo vt brrbrrderrbrberd Lt e Xa_._- & ¥ SO TN T N T N T N T Il
0O 02 04 06 08 1 12 14 16 18 2 %% 02 04 06 08 1 12 14 16 18 =

Trk 1 timing @ low lumi: QCD events Trk T timing @ low lumi: signal events
2004 LHC Days in Split Physics with the CMS Tracker L. Silvestris 19
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MSSM Higgs Searches: H,A—1t IL'N/F"

Main search channel for heavy MSSM Higgs, three final states studied:

2 leptons +v s, 127% BR. Low MA region, lepton sighature
‘1 lepton + T jet+v's, 35 % BR. necessary to kill the background

27T jets+v s, 25% 1-1 prong,
44% 1-3 prong
Main backgrounds from Z/y*—tr, t1, QCD for 2-jets final state.

Selection based on:

} Extends reach at larger MA

L L L] [ L [
HA— 7t — 27 jets + X 7

=]
LA |

ma = 500 GeV/c2]
tan/? = 30

* b-tagging (this analysis €,~40%, purity ~94%)

. ETmiss

1]
LI I

» identified leptons (e,u)

Events for 60 fb™' / 30 Gew/c”
o
|

+
T I L] T

* tracks with high impact parameter

sy
LI B

- T jet tagging: low multiplicity narrow 1) s N
Jets with hard tracks isolated in calorimeters 200 500 £00 1000 3} 1::::
and in tracker M+ (GeVie)

- ______________________________________________________________________|
2004 LHC Days in Split Physics with the CMS Tracker L. Silvestris 20



. //j
Q SUSY Signatures IL""/‘“"

5 A Jets + E;™s* has the _ T T o
3 Gl e highest reach 290 — ETS @0BY) - 1001 —
"| 0S two-leptons are 3 e
° most useful for ~J200- N, e
sparticle reconstruction [\ | ., mlepwns = 250
. 1000 [~ '
: : > 800
Squark, gluino production leads to S
lepton(s) + ELMmiss + jets T
600 —
Backgrounds: W + jets, Z + jets, 11,
WTb, WW, WZ, 400 — .
g, g pair production dominates the \
total cross section 200—_,_:(?_1’:35’?{@{; : i
TR visibility of dilepton 8
. ' . structure =)
Cross sections don't vary much with | | | °
0 500 1000 1500 2000

m, Tan my (GeV)
Also for this studies Tracker plays a key rolell
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Summary I (N

CMS Tracker Detectors expected to play an essential role to address
the full range of physics which can plausibly be accessed at the LHC.
Standard Model Physics, like B Physics, Top Physics
SM Higgs Searches, MSSM Higgs Searches, SUSY Searches .....
CMS Tracker designed to cope the LHC Physics

Pixel detector allows fast & efficient track seed generation, as well
as excellent 3-D secondary vertex identification

Pixel and p-strip sensors, together with the analyzing power of the
CMS 4T magnet allow for a ~ 2% or better resolution for 100GeV
muons over about 1.7 units of rapidity

Pixel and u-strip sensors used in HLT and Offline Studies for e, ,
identification, b and t tagging, Energy Flow.....

Physics of the LHC will be extremely rich
.. just get it running!

. . ... _______________________________
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a Muons in High Level Trigger I

e e

Rata |

4 kHz

10

to 1p,2u 1’

[
10

nt in b is too
10 Hz for b/c) !

to push and select 1

lusive b events

|

Exploit the online

1Hz mmp 107 evts/year @ low luminosity

tracking Insufficient for processes with BR < 10-*

2004 LHC Days in Split

Physics with the CMS Tracker
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Trigger Table Low Luminosity IL’"/F"

Low Luminosity L1 Trigger Table (Prototype) I

Trigger type Threshold Indiv. Cumul Hardwared processors
(e=95%) (GeV) Rate (kHz) rate (Asic,FPGA)
(kHz) . ’ .
Using only calorimeters
le/y, 2el/y 29, 17 4.6 4.3 and Muon data
1y, 2u 14, 3 3.6 7.9 Designed to cover
17, 21 86, 59 32 10.9 the widest possible
1-jet,3-jets, 4- 177.86.70 3.0 12.5 range of physics for
jets discovery
Jet * MissE; 88 * 46 2.3 14.3
e ™ jet 21 * 45 0.8 15.1
Total L1 allocated rate-
tin-b > Cleopy
noeE O KHz x 1/3 safety factor

> B Physics selection triggered @ L1 by single or di-muon triggers

> Particles from B decays have relatively soft spectrum

> Important keeping the L1 threshold as low as possible

> Muons are preferred to electron because of the lower trigger threshold

. . ... _______________________________
2004 LHC Days in Split Physics with the CMS Tracker L. Silvestris 25



. . /-)
Online Tracking IL'"/F"

Limited amount of CPU time available for trigger decision:
500 ms on a 16Hz machine possibly 50 ms in 2007

Limited to some region
identified by Lvll objects (e.g.

cone around L direction)
h Reduce

B # of track seeds
& # of operations per seed

. Stopped when:
HLT Tracking does not * N hits are reconstructed

need to be as accurate as * P; resolution > given threshold
in the offline * Py value < given threshold

. . ... _______________________________
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G(ptrec-ptsim)[GeWc]

| //j
= Global and Partial Track Reconstruction Performances NN
| e e,

Reconstruction of charged tracks with Tracker
(trajectory=helix) from inside (pixel) out (u-strip

de’rec’rors) Puxel Occupancy ~ 104 )/
_5:_':10 o 1DDG Vf .
g Ha ﬁ El;m Ge‘\eﬁcc += 8ot (D) :
70:_ % — -
60— o
(@ % : .

ost 2 5<pICov/ s0F z —

: el 40" 3
0.2 ® 3 C 3

: 0 x sof ¢ ¢ % 55 3
0.15F - S . .

200, © 3 e e e
0L . R e e e T
Reconstructed Hits

T ~ © 8 e 2 o e 15 0 02505075 1 125 15 175 2 225 25

| ? B At HLT we are not necessarily interested

in ultimate resolution.
Full tracker Good track parameter resolution for moderate Pt
performance tracks is obtained already with 4 or more hits
2004 LHC Days in Split Physics with the CMS Tracker L. Silvestris 27
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Track Reconstruction Performances IL'N/F"

Reconstruction of charged tracks with Tracker
(trajectory=helix) from inside (pixel) out (u-strip
de’rec’rors) Pixel Occupancy ~ 104

é Ja p1=1OGeWc
© u u pT =1GeVic

: ‘i .l
-x-A hi-i

H H :_ _ _A ‘ ‘4—‘
1—-1 b—; 'hl- "l""-‘ al - :
o £ £ ; £ - - '."'.'
i : : M
o0t eoe o mﬂ+**

f : f : : : 1 : i 10 :ZIIZIIZIIEIIZIIZIIZIIZ%ZIIIIZIIIEIII S —: A SO S
~JJ—J—LJ—LI—LL£JJ—L1—LLLI—J—LJJ—LL—U—LLLIJJ—LJ—LI—LLLUJ—I—U— _LIJJJ_IJ_IJ_LLIJJ_LLIJJ_LLLIJJ_LLLJJJ_LL*J_UJ_LIJJJJ_LIJJ_I
0 025 05075 1 125 15175 2 225 0 02505075 1 125 15 1.75 2 225 25

n n

For lower pt tracks multiple scattering becomes significant and the m dependence
reflects the amount of material traversed by tracks and the lever arm effect

- _______________________________________________________________________|
2004 LHC Days in Split Physics with the CMS Tracker L. Silvestris 28



c =22.4 MeV

Q HLT Exclusive B —~J/YO . o
CP violation weak phase 5‘“’
0= 28y= 2A°n gao

SM predicts tiny CP asymmetry ¢,~0(0.03)

20

HLT strategy:
Lvl-2: reconstruct mu
O +100MeV window aro
mass, x*< 20 and d,,,> 200 um

— Rate = 15 Hz, <t>~260ms  »™f

ﬂjo B 0 M0 0 0 0 1 @ 100

M. I‘v’lus{rec) {MeV)

|- = 2.2 Mcy

22MeV

SII

Arbitrary Units Q
<
S

[
)
T

Lvl-3: reconstruct ¢ and B, %
Regional tracking around N
J/y direction
<t>~800ms

~
o
T

—
el
T

L 75075 5 25 0 25 5 75 10
%o 750 100 B0 0 5 700 150 200 M, - M, (ro0) (Mov)

l\"'l ¥l .Irrnr“ Pl AT
e I |

Lvl-1¢ Lvl-2 ¢ Lvl-2 Rate Lvl-3 ¢ Lvl-3 Rate Events/ 10fb-!

16.5% 13.7% 145 Hz 8.7% <1.7Hz 83800
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)
Bs —»J/yo — up KK |g_~;~

Old CMS analysis ( CERN-2000-004)
not updated yet

Angular distribution analysis
Expected number of signal evts ~600K

(yield with 30fb-1)

Trigger was NOT optimized
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