
6\VWHP\�Z\]ZDODQLD�

ZH�ZVSyáF]HVQ\FK�HNSHU\PHQWDFK�

IL]\NL�Z\VRNLFK�HQHUJLL

� FKDUDNWHU\VW\ND ³V\JQDáX´ L ³WáD´

� SUREOHP UHGXNFML GDQ\FK

� ZLHORSR]LRPRZH V\VWHP\ Z\]ZDODQLD

� DUFKLWHNWXUD L DOJRU\WP\ ,� VWRSQLD WU\JHUD

� DUFKLWHNWXUD L DOJRU\WP\ Z\*V]\FK VWRSQL WU\JHUD

*U]HJRU] :URFKQD

,3-� SRNyM ���� ZURFKQD#IXZ�HGX�SO

0HWRG\�HNVSHU\PHQWDOQH�Z�IL]\FH�Z\VRNLFK�HQHUJLL



=GHU]DF]H OHSWRQRZH �H+H−�

� FDáD HQHUJLD ³Z\NRU]\VWDQD´

� DNFHOHUDWRU PR*QD ³QDVWURLü´ QD

SURGXNFM
 RNUH�ORQ\FK RELHNWyZ �=��

� GRPLQXM� RG]LDá\ZDQLD HOHNWURVáDEH

� QLHZLHONLH WáR

� ³áDWZ\´ WU\JHU

V

=GHU]DF]H�OHSWRQRZH�L�KDGURQRZH

=GHU]DF]H KDGURQRZH �SS� SS�

� ]GHU]DM� VL
 SRMHG\QF]H SDUWRQ\
² TT� TJ� JJ �T ZDOHQF\MQH OXE ] PRU]D�

� UHV]WD �XQGHUO\LQJ HYHQW�
³]D�PLHFD´ GHWHNWRU

� Z\NRU]\VWDQH MHG\QLH

² �[!a���� DOH QLH �UHGQLD MHVW LVWRWQD

� FLHNDZH MHG\QLH ³WZDUGH´ ]GHU]HQLD�
³QD RJRQDFK´ IXQNFML VWUXNWXU\ )�[�

� GRPLQXM� RG]LDá\ZDQLD VLOQH
² ³QXGQD´ SURGXNFMD ³]Z\Ná\FK´ KDGURQyZ
�G*HW\�

� NRQLHF]QR�ü RGU]XFHQLD GX*HJR WáD

� WUXGQ\ WU\JHU

[
�
[
�
V



7à2�

� UR]NáDG SáDVNL Z η  −OQ WDQ �θ���
� F]�VWNL VNRQFHQWURZDQH Z SU]RG]LH
�L W\OH� GHWHNWRUD

.LQHPDW\ND�³V\JQDáX´�L�³WáD´

6<*1$à�

� aVIHU\F]QLH V\PHWU\F]Q\ UR]NáDG
SURGXNWyZ UR]SDGX FL
*NLFK RELHNWyZ

� S
G SRSU]HF]Q\ S7 PLDU� ³FLHNDZR�FL´

SU]\SDGNX



&R WR ]D G]LZR L SR FR"

3
G SRSU]HF]Q\ ]PLHU]RQ\ Z NDORU\PHWU]H�

-DN ]DREVHUZRZDü F]�VWNL QLHRGG]LDá\ZXM�FH Z GHWHNWRU]H"
�QHXWULQR� GáXJR*\FLRZH QHXWUDOLQR� HWF��

� 0LHU]\P\ S
G\ ZV]\VWNLFK F]�VWHN RG]LDá\ZXM�F\FK�

� -H*HOL Z\SDGNRZD MHVW LVWRWQLH Uy*QD RG ]HUD�
SRGHMU]HZDP\� *H ³FR�´ XQLRVáR EUDNXM�F\ S
G�

.DORU\PHWU OHSLHM VL
 GR WHJR QDGDMH QL* GHWHNWRU\ �ODGRZH� JG\* ³ZLG]L´ WDN*H F]�VWNL
QHXWUDOQH �Q�γ��
�: SUDNW\FH ND*GHM FHOL NDORU\PHWUX SU]\SLVXMHP\ OLF]E\

([  ( VLQθ FRVφ� (\  ( VLQθ VLQφ�

JG]LH ( � HQHUJLD ]GHSRQRZDQD� φ,θ � SRáR*HQLH FHOL�

� %UDNXM�FD HQHUJLD SRSU]HF]QD (7
PLVV  − VTUW >��Σ ([�

� � �Σ (\�
� @

³(QHUJLD�SRSU]HF]QD´



� F]
VWR�ü >0+]@  σ >PE@ � / >����FP��V��@

� OLF]ED SU]\SDGNyZ  ∫ σσ � / GW  σ � ∫ / GW

� URN NDOHQGDU]RZ\  π � ��� V

� URN DNFHOHUDWRURZ\  ��� V

� EDUQ � PE � SE � IE

� ���� ����� ����� EDUQV

����� ����� ����� ����� FP�

/ ���� FP��V�� ���� FP��V��

∫ / GW

� URN

��� SE��  �� IE�� ��� SE��  ��� IE��

3R*\WHF]QH�Z]RU\



GHWHNWRU O��NDQDáyZ ]DM
WR�ü SU]\SDGHN

PR]DLNRZ\ ���������� ������ ����N%

PLNURSDVNRZ\ ���������� ��� ����N%

wczesnych kaskad ������� ���� ���N%

NDORU\PHWU\ ������� ��� ���N%

PLRQRZ\ ��������� ����� ���N%

FDáNRZLWD�ZLHONR�ü�SU]\SDGNX ��0%

LHC CMS
ATLAS

/LF]ED�NDQDáyZ

&
]


V
WR
�
ü
�>
+
]
@

SPS
Lear

HERA

LEP

107

106

105

104

103

102

108107106105104103

40 MHz

10 MHz
CDF

UA1/2 250 KHz

330 KHz

45 KHz

109

&06�D�LQQH�HNVSHU\PHQW\

6WUXPLH��GDQ\FK�NRQWUROQ\FK�&06��WHPSHUDWXUD�
QDSL
FLH� LWS��� MHVW� SRUyZQ\ZDOQ\� ]H� VWUXPLHQLHP
ZV]\VWNLFK� GDQ\FK� MHGQHJR� ]H� ZVSyáF]HVQ\FK
HNVSHU\PHQWyZ�/(3������N%�V�



particle mass (GeV)

σ rate ev/yearLHC √s=14TeV L=1034cm-2s-1

barn

mb

µb

nb

pb

fb

50 100 200 500 1000 2000 5000

GHz

MHz

kHz

Hz

mHz

µHz

1

10

10 2

10 3

10 4

10 5

10 6

10 7

10 8

10 9

10 10

10 11

10 12

10 13

10 14

10 15

10 16

10 17

LV1 input

max LV2 input
max LV1 output

max LV2 output

σ inelastic

bb
–

tt
–

W

W→lν
Z

Z→l+l-

ZSM→3γ

gg→HSM

qq
–
→qq

–
HSM

HSM→ZZ(*)→4l

HSM→γγ
h→γγ

tanβ=2-50
ZARL→l+l-

Zη→l+l-scalar LQ

SUSY q
~
q
~
+q

~
g
~
+g

~
g
~

tanβ=2, µ=mg
~=mq

~

tanβ=2, µ=mg
~=mq

~/2



:�FL�JX����ODW�SUDF\�/+&�]DMG]LH������]GHU]H��SS�

=DREVHUZRZDQLH����³HJ]RW\F]Q\FK´�SU]\SDGNyZ�PR*H�
VWDQRZLü�HSRNRZH�RGNU\FLH�³QRZHM�IL]\NL´�

1DOH*\�MHGQDN�XPLHü�RGV]XNDü�RZH����SU]\SDGNyZ�

Z�UyG�ZV]\VWNLFK������

6]XNDQLH�LJá\�Z�VWRJX�VLDQD"

• W\SRZD�LJáD�²���PP�

• W\SRZ\�VWyJ�VLDQD�²����P�

LJáD���VWyJ� ���������

3RV]XNLZDQLH�³QRZHM�IL]\NL´�Z�/+&�
WR�V]XNDQLH�LJá\�Z�PLOLRQLH�VWRJyZ�VLDQD�

6HOHNFMD�SU]\SDGNyZ



1RZRF]HVQH�V\VWHP\�SDPL
FL�PDVRZHM�SR]ZDODM��
]DSLV\ZDü�a����0%�V�

6SR�UyG�a����SU]\SDGNyZ�]DREVHUZRZDQ\FK�Z�FL�JX�
ND*GHM�VHNXQG\�MHG\QLH�����PR*H�E\ü�]DSLVDQ\FK�

:\ERUX�GRNRQXMH�V\VWHP�Z\]ZDODQLD�]ZDQ\�WU\JHUHP�

75<*(5�MHVW�WR�GZXZDUWR�FLRZD�IXQNFMD

• ]DUHMHVWURZDQ\FK�GDQ\FK
• VWDQX�GHWHNWRUD
• EDGDQHM�IL]\NL

3RQLHZD*�QLH�ZV]\VWNLH�GDQH�V��QDW\FKPLDVW�GRVW
SQH

D�IXQNFMD�MHVW�VNRPSOLNRZDQD��7�. ��MHVW�REOLF]DQH

Z�NROHMQ\FK�SU]\EOL*HQLDFK�]ZDQ\FK�

VWRSQLDPL�WU\JHUD

'R�RGU]XFHQLD�SU]\SDGNX�Z\VWDUF]\�RJUDQLF]RQD�
GRNáDGQR�ü��GR�QDVW
SQHJR�VWRSQLD�SU]HFKRG]��ZL
F�
W\ONR�SU]\SDGNL�]�GHF\]M���]DSLVDü��

RGU]XFLü�

]DSLVDüT( )

6\VWHP�Z\]ZDODQLD��WU\JHU�



,�

� ]JUXEQH GDQH ] F]
�FL GHWHNWRUyZ
�F]
VWR GHG\NRZDQ\FK�

� UR]SR]QDQLH LQWHUHVXM�F\FK RELHNWyZ

�µ� H� γ� G*HW� (7
PLVV�

,,�

� GRNáDGQLHMV]H GDQH ] F]
�FL GHWHNWRUyZ

� SRPLDU LQWHUHVXM�F\FK RELHNWyZ

,,,�

� SHáQH GDQH ] ZV]\VWNLFK GHWHNWRUyZ
�GRVW
SQH� DOH QLHNRQLHF]QLH X*\WH�

� �F]
�FLRZD� UHNRQVWUXNFMD SU]\SDGNX

: /+& MX* QD ,� ]JUXEQ\ SRPLDU �S7� (7�

³.ODV\F]Q\´�XNáDG�VWRSQL�WU\JHUD

� ³KDUGZDUH´

� VSHFMDOQLH SURMHNWRZDQH SURFHVRU\

� SU]HWZDU]DQLH V\QFKURQLF]QH

� W a µV

� ³ILUPZDUH´

� SURFHVRU\ QLVNLHJR SR]LRPX
�'LJLWDO 6LJQDO 3URFHVVRU � '63�

� W a PV

� ³VRIWZDUH´

� NRPSXWHU\

� W a V

: &06 MX* ,,� WR ³VRIWZDUH´ QD NRPSXWHUDFK



Standar d Model Hig gs

• H → ZZ(*) → 4µ (mH=130-750 GeV)
—mass resolution < 1 GeV at mH=130 GeV

SUSY Higgses

• h, H, A → µ+µ−

—mass resolution < 1 GeV

Superpar tner s

• → multi-lepton + multi-jet + Et
miss

—muon recognition in multi-jet environment

Beyond the Standar d Model

• Z´ → µ+µ−

—pt
µ measurement and sign determ. above 1 TeV

B-ph ysics

• rare decays, e.g. Bs
0 → µ+µ−

• CP violation, e.g. Bd
0 → J/ψ→ µµ KS

0 + µtag
—low pt trigger threshold (2-4 GeV)

Heavy Ions
• ϒ, ϒ´, ϒ´´ → 2µ

—mass resolution ~40 MeV

Specific m uon f eatures
• calibration of isolation algorithms
• b-tagging

q̃ g̃,

Physics with muons
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CMS/LHC Trigger PhysicsCMS/LHC Trigger Physics

 Standard model Higgs (high luminosity)

• H (80 GeV) → γ γ 
• H (120 GeV) → Z Z* (4 leptons)

• H (>500 GeV) → leptons ( + ν's)

• H (< 2MW Associated t or W or Z) → b b (lepton + X)
 SUSY Higgs (low luminosity)

• (standard model Higgs like channels)

• h, H, A → τ τ (lepton + X) or → µµ
• A → Z h ; h → bb (lepton + X)

• p p → t t X; t → H+ b; H+ → τ ν; t → lepton + X; τ  → X
 SUSY sparticle searches (low luminosity)

• MSSM sparticle → LSP (Missing Et) + n jets  

• MSSM sparticle → Same sign dileptons + X
 Other new particles

• Z' → dileptons

• Leptoquarks: dileptons
 Top physics (low luminosity)

• t → lepton + X 

• t → multijets 
 Bottom physics (low luminosity)

• b → lepton + X

• b → ψks (leptons + X)                                                            
 QCD

• Low luminosity 100 GeV jets

• High luminosity 200 GeV jets
 ⇒  Trigger candidate requirements:

• High luminosity:  lepton/γ (30 GeV), dileptons/γγ (15 GeV)
                              missing Et (100 GeV), jets (200 GeV)

• Low luminosity:   lepton/γ (15 GeV), dileptons/γγ (10 GeV)
                              missing Et (50 GeV), jets (100 GeV)
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processor farm = 500 nodes x 1000 MIPS

LV nodes input f f/node t/ev./node data/ev. data/node all data

2 200 100 kHz 500 Hz 2 ms 200 kB 100 MB/s 20 GB/s

3 200 10 kHz 50 Hz 20 ms +200 kB 10 MB/s 2 GB/s

4 100 1 kHz 10 Hz 100 ms +600 kB 6 MB/s 0.6 GB/s

Possible High Level Trigger Data Flow
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� GHILQH VHW RI LQFOXVLYH WULJJHUV JLYLQJ � ��� +]

� FKHFN HIILFLHQF\ IRU EHQFKPDUN FKDQQHOV

� GHYRWH IUDFWLRQ RI EDQGZLGWK WR PRUH H[FOXVLYH WULJJHUV
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� ³RII�OLQH FXWV´ TXRWHG DUH MXVW SUHVHOHFWLRQ FULWHULD
² WKH HIILFLHQF\ PLJKW EH VWLOO UHDVRQDEOH IRU KLJKHU FXWV

� DFWXDO HIILFLHQF\ IRU JLYHQ /� WKUHVKROGV QHHGV WR EH HYDOXDWHG

FKDQQHO RII�OLQH FXWV /� WKUHVKROGV #���� FRPPHQWV

+ → γ γ �γ!��� �� γγ !�� a2�.�� DV\PP�

:+� WW+ → O γ γ ; �γ!��� ��� O!�� γγ O !��� �� 2�.�

� + → γ γ ) � MHWV �γ!��� ��� M!�� γγ !�� a2�.�� DV\PP�

: �→Oν� + �→EE� O!��� �M!��� (7
PLVV!�� O MM ! ��� ��� DGG LVRO� (7

PLVV
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