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Status of SM Physics with CSM

=> much work to be done for the Physics TDR




CMS PRS SM Group

(total pp x-section, elastic scattering, diffraction, luminosity)
together with TOTEM

A Commercial for SM Physics with CMS




General Remarks on the LHC

1. High energy 14 TeV

2. and high luminosity
1033 — 10%4/cm?/s

Physics programme:

- Higgs

- SUSY and other searches
- Test of the SM




proton - (anti)proton cross sections

Cross Section of some
SM processes:
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Initial SM Physics at the LHC

W & Z, Drell-Yan
First top results (cross section, mass)

sufficient for many SM analyses

Here in this talk: emphasis on muons

For further reading:

CERN Yellow Report 2000-004
Workshop on Standard Model Physics (and More) at the LHC




Parton Distribution Functions (pdf)

LHC is a proton-proton collider J. Stirling

But fundamental processes are

the scattering of 5 3

= (M/14 TeV) exp(zy)

[y = pseudorapidity

Examples:
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Synergy HERA & LHC:

March2004; Janu

Multijet final states

and energy flow
Final Meeting

~ January 2005
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W/Z. production

M. Dittmar, F. Pauss, D. Ziircher, Phys. Rev D56 (1997) 7284
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Luminosity Measurement

DD —\{

=T - bDR(X’¥’Q.)-Q

more accurate than L, from pp O pp?

L= L, - pdf(x;,X,,Q%)

Ogg-ww | PDF(xi,x;,Q‘Z)
o, - PDF(x,,x,,0%)

q.q—Z




PDF of s, c and b quarks

gluon [ gluon

PO LTI — wGenerator level* study done for YR

M. Dittmar, K. Mazumdar CMS note 2001/002

Accepted Photon + jet(+1) events
after b-tagging

photon

10 fb™!

Pythia 5.7 +CTEQ4L

b events

-
1)
]
P
=
L]
—t
&
>
1]
©
o
L=
£
=
=

Estimate 5-10% accuracy on pdf
Limited by fragmentation functions

Muon Pt (GeV)




W Mass Measurement

LEP & Tevatron Run I

from Tevatron Run II

Improvement at the LHC to + 10 MeV envisaged
requires control of systematic error to 10~ level

my, from
e.g. transverse mass distribution
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* use both muons to reconstruct

the Z Distributions obtained from

* boost into Z rest frame 106 generated Z — pu.

* set Z mass to arbitray new value - corresponding to ~ 1 fb!
M?* and width to 'y, « stat. error ~ 20 MeV

° remove one muon

* boost back to dectector frame

e calculate new transverse mass

transformed Z m=80 GeV

— transformed Z m=80.45 GeV
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— transformed Z m=81 GeV

real W m=80.45 GeV
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Small differences between W and Z.:
* production: p; & 7 distribution

e final state radiation
(v doesn‘t radiate!)

* background
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Measurement of the W Width

Standard Model —
Prediction

DO [y =2.231£0.173

high end is sensitive to I'y, .
Tevatron: I'yy, = 2.115 £ 0.105 GeV K& o|  Ty=2050:0130

Hadron Collider Avg ° I'y=2115%0.105

LEP: I'y =2.150 = 0.091 GeV

preliminary LEP2Avg | o T, =2.150£0.091

preliminary World Avg | o I, =2.135+0.069
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)) BBIT}{Z ::Da Tevatron:

I'y = 2.171 £ 0.051 GeV

theory LEP




Lepton Universality in Charged Currents

e.g. Tevatron
approx S0k events/expt. in Run I

TeVEWWG

Standard Model ——>

World Average (RPP 2002) -e—

(includes Run I results)

for comparison: Tevatron -
. Run | + [l combined — ¢ Preminen
e LEP result: 0.997 + 0.021

 tau decays:  0.2% precision (at low Q?)

Run Il combined ——
DO ”(e) ® preliminary
L] (] L CDF ”(e)
* lepton universality in neutral currents: CDF II(u) —e—

Run | combined —@&—
DO la+b(e)—@——
CDF la(e) @

-0.502 -0.501
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Drell-Yan process: qq — nw'u-

do/dm (fb/GeV)

e total cross section
pdf
parton lumi
search for Z/'

 forward-backward asymmetry muul%(}e\/)
estimate quark direction

assuming X, > Xz Inversion of e'e- — (q at LEP

measurement of sin’Oy,




Mass reach at the LHC:

D. Bourilkov CMS IN note 2000/035
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Dilepton Mass

=> 1 fb-! at LHC comparable to 10 fb-! at the Tevatron
due to higher energy

CreV

CMS: So far only generator level studies done!




Triple Gauge Boson Couplings

Sensitivity:
pPr spectrum SM couplings
vs current limits at 1.5 TeV
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Method:

* Wy final states

* W () ev and uv

* pr spectrum of photon

Pi{y) GeY




WWy couplings

—h
L)

Background rejection
nt’ through isolation
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* Result of the study:

A=2 TeV
95% CL

LEP charged TGC Combination 2002




Triple Gauge Boson

Couplings

Y. hY and hY (V=Z.4).

7y final states

Z () ee and pp

Py spectrum of photon
and my(1ly)
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Top Physics

87% gluon fusion 13% quark annihilation

(opposite to Tevatron)

LHC is a top factory!

other rare SM decays:
« CKM suppressed t ) sW, dW: 103 -10- level
- t0bWZ: O(109)







Measurement of the Top Mass: Motivation
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events/4GeV

top, .4 + bg

- to phad (wlep_yw 'I:)

B background
ft—2z°
f-2°2°
-z°w*
ff-wWw
fisw*
gq—tb(+q’)
gb—tW

* 3.5 million semileptonic events
corresponding to 10 fb-!

* CMS analysis with hard cuts:
0.14% of the events kept (!!!)

Measurements at 1 fb-1

e initial mass determination
e total & diff. cross sections




Top Mass from J/W channel:

i)

V
Q 7 L ].l"er"J

WS _
IS |
)

- w1
t -
b\
o T ) Avto Kharchilava CMS note 1999/065

1000 events/y @ 1034

e = 0.51 Mgy — 23

Partial reconstruction of top: A nl < 2.4
J/W + lepton o VT

Py > 4 GeV

@ independent of jet energy scale

€9 limited by b fragmentation M7= 0,37 My, — 16
& needs high luminosity ’

-

pi> 15 GeV, Inl < 2.4
pY > 10 GeV

| | | | | | ‘
180 185

Am, <=1 GeV Mep (GeV)




W Polarization

AtLEP ine'ec — W'W —;

determine W helicity from lepton (quark) decay angle in W rest frame 0*

o (1 = cos 6*)*> transverse
o sin’6*  longitudinal

¢ Data, 183-209 GeV

%

1/N dN/d cos 6,
e

— Fit Helicity (-1,+1,0)
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Fraction of long. W
in e'e-— W"W-

0.218 = 0.031
(SM pred.: 0.24)

Tevatron (CDF):
Long. W in top decays

0.91 = 0.52
(SM pred.: 0.7)
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=> fraction of long. pol. W: 68.3 + 2.3 (stat) = 2.2 (sys) %



tt Spin Correlation

t quark rest frame tt pair rest frame quark rest frame

=> Spin info not diluted
by hadron formation

./4 — iV(tLEL + th_R) _ *V(tL ER -+ tREL) %(1 - ()if“;';(](-)s o = il(l — Acos 9;+ cos E);‘_)
N(trtr +trtr) + N(trtr +trtr) 2V (1 CO5 7, A COS 0,

PYTHIA 5.7 + M.E. Flesch P
87%gg+13%qq CMS 30fb

e quark annihilation
A =-0.469

N(events)/ (0.4 « 0.4)

* and gluon fusion
A =+0.431

uses double leptonic decays
tt ) bb Iv Iv




Single Top Production

 Selection: : _
tObW b ev (uv) 12 | ~ gﬂﬂleve_l:ts
b-jet + high p; lepton N _ or 1 fb

reconstruction of top mass

* Background from tt
signal to bkgd. 3.5:1
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Events/B.0 Gav/pb™

* direct measurement of V

* observable by Tevatron in Run II
* LHC 0,~ 1.5 o; !
o b IS '200 ﬂf-"_l—‘:)on 'lmlﬂﬂ

100 150 350 400

Top mass (GeY)
Dan Green et. al. CMS note 1999/048




Other top quark measurements at low luminosity:

-~ do/dpy
- do/dn)
- do/dmy,

Nothing done so far in CMS...




Other Possible SM Physics with Muons

* b-physics

measurement of total & diff. cross sections
do/dp, do/dn

* Tau physics

e Other ideas ?




Summary & Conclusions

SM physics with CMS

Join in NOW!




Complete the missing parts ...

%< o %
.. to make very interesting (SM) physics at the LHC




