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Summary

Introduction to Parton Distribution Function
Status of PDFs after HERA

Impact of PDFs uncertainties on Z and W
measurements

How can the LHC contribute to provide input for
the PDFs ?

— Hard scattering process _ _
 W,Z production/asymmetries Subject of this

« High mass Drell Yan production presentation
* Dijet production |

* Prompt photon production

» B and other heavy flavour cross sections

A

« Example: Impact of PDFs uncertainties on W mass measurement



Parton-Parton interactions

hadron collision =

f; (X. ,Q2) fb(Xb, Q?) |nt§ractlon b_etween the par.tons
which constitute the proton:
 not well defined parton energy

0}
.a but energy distribution
* parton density rises towards
low momentum fractions x
* partonic structure investigable at

high momentum transfer

PDFs are parameterizations of the partonic content of the proton
at Hadron Colliders every cross-section calculation is a convolution of the
cross-section at parton level and PDFs:

1
ox = / Az, dzy f(Tq, flave, Q) f(xs, flavy, Q)i Gups x (T4, T, Q)
[}

a. b T

/ ' ~

Sum over initial partonic states a,b Parton Density Function hard scattering cross-segtion




Parton distribution functions (PDFs)

i=u,d,qgandsea
f.(x,Q2) X'= Pparton | E,.,n Parton momentum fraction
v Q2 = momentum transfer

How are PDF’s determined from global fits?

= QCD predicts the scale dependence of f(x,Q?) through DGLAP evolution equations
BUT does not accurately predict the x-dependence which has non perturbative origin

= the x-dependence is parameterised at a fixed scale Q,°~ 1-2 GeV? :

« valence quarks: f ~ x* (1-x)1 P(x) different parameterisations and
. f~x* (1-x)1 P(x) no.of free parameters used
= f(x,Q2) is evolved from Q,? to any other Q2 by numerically solving the DGLAP
equations to various orders (LO,NLO, NNLO)
= the free parameters are determined by fit to data from exp. observables

PDF uncertainties:

Th: perturbative calculations (i.e DGLAP approx., higher order truncation...)

Th: non-perturbative parameterisations (x-dependence)

Exp: statistical and systematic uncertainties on experimental data inputs

Exp: correlated systematic uncertainties on data points 4



PDFs sets

Pdf's are determined by global
analyses of data from

— HERA experiments H1, ZEUS

— fixed target DIS experiments

— CDF, DO

Three major groups provide semi-
regular updates to parton distributions
when new data/theory become
available:

1. MRST (global fits)

2. CTEQ (global fits)

3. HERA collaboration H1, ZEUS (HERA
data + fixed target DIS data)

All of the above groups provide ways
to estimate the error on the central
pdf
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Analytic calculations CTEQ6.1M :
Error bands are the full PDF Uncertainties
Pre-HERA ~ + 15% uncertainties

Post-HERA ~ + 5% uncertainties

after HERA
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uncorr. uncert.

[ tot. uncert.
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Q' = 10000 Gev?]

Q =10000 GeV*

X
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Danger of extrapolating beyond the
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The LHC region

Kinematic regime for LHC much broader than currently explored

Test of QCD:

» test DGLAP evolution at small x:
is NLO DGLAP evolution sufficient at so small x ?
 improve info on high x gluon distribution

At the TeV scale (New Physics!) ey
cross section predictions for LHC

are dominated by high-x gluon uncertainty
(not sufficiently well constrained by PDFs fits)

18 T Qx2= 10000, GeVs2
L ' — uwp ZEUS2002—TR

At the EW scale: : R

» cross section predictions for LHC are dominated Al e
by sea and/or gluon interactions at low-x : L s

- at Q2 ~ M2, the sea is driven by the gluon
(via gluon splitting) which is far less precisely

determined for all x values / W

low-x gluon uncertainty dominates

xf(x,Q2)
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Precision benchmarks: W and Z physics

” LO calculation
PDF=CTEQSL
Q2=M?

T T T TTTIT

T 1 I]IIII

Tevatron LHC

10
Vs (TeV)

W production:
(main contributions)

ud >W*
du -W~

Z production: w—Z
(main contributions) da Ny

WI/Z production have been considered as good standard
candle processes with small theoretical uncertainty:
* both experimental and theoretical errors are under

control

* NNLO corrections are small and mostly a K-factor
* NLO predictions adequate for most predictions at the

LHC

 could serve as luminosity normalization benchmarks

PDFs uncertainty dominant contribution. Most PDFs groups quote uncertainties <~5%

MRSTOI

11.72+0.23 nb

8.72+0.16 nb

PDF Set o(WH.BW* = I*y) o(W-).BW- =1-5) a(2).B(Z —I*I")
ZEUS-Sno HERA  10.63+ 1.73nb 780+ 1.18 nb 1,604 0,23 nb
7EUS-S 12.074 0.41 nb 8.76 + 0.30 nb 1.80+0.06 nb
CTEQ. 1 11.66 = 0.56 nb 8.58 + 0.43 nb 1924 0.08 nb

1.96 £0.03 nb
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Impact of PDFs on x-sec

7 — U Cross section (pb) 3 acceptance
Y Ao, Ao = region

CTEQ6.5 703.6 21.6 26.7 - (full simulation) :

MRST2006 712.6 13.6 16.0 o '|”LL|:22(')0(’3 v/

CTEQ6.IM | 6521 302 295 a0 1 .ﬁ\}w_ m,| < 3rcz

MRST2004 662.8 126 17.8 00l |— CTEQ5L E

(NLLO) 2000 |- CTEQSM Z— MM 5 Simil

MRST2004 | 6724 127 18.1 o e i1 ] mrar

(NLO) 0 02 04 06 08B 1 12 14 16 18 2 conclusions
"” for W

L O-NLO (es: CTEQ5L - CTEQ5M) ; estimate of the differences between LO and

NLO treatments ~18% : Systematic variations in the rate can be interpreted in terms of a global
normalization factor and shape variations are not very relevant

*Central value - PDFs errors (es: CTEQ6.5(0) — CTEQ6.5(1:40)): estimate of the
uncertainties involved in the determination of PDFs  ~2-3%

*Different PDFs sets (es: CTEQ6.5 — CTEQ6.1): estimate of possible systematic
uncertainties involved in the theoretical treatment of PDF experimental inputs ~ 7-8%
9

CMS NOTE 2006/082 ,CMS AN 2007- 031, CMS AN 2007- 026




cMS/
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Z —uu acceptance

a Aa, Aa.
CTEQ6.5 0.302 0.004 0.004
MRST2006 0.305 0.004 0.004
CTEQ6.1M 0.303 0.003 0.007
MRST2004 0.302 0.004 0.004
(NLLO)
MRST2004 0.302 0.004 0.004
(NLO)

(full simulation):
In,| <2.0, p;* > 20 GeVic, M, > 40 GeV/c?

CMS AN 2007- 031
CMS AN 2007- 026

Impact of PDFs on acceptance

CTEQ6.5 : ey Cut (p_> ?0} - -
07—r R
0.52— :
0.42— —i

0.3F -

Acceptance

02F =

01 -

* relative error on acceptance: ~ 1%

* the relative uncertainty on acceptance
as a function of the kinematic cut on
the muon pseudorapidity cut is very flat
until the region of extreme cuts is
reached.

10



How to constrain PDFs at LHC:
Ratio and Asymmetry distributions | - -

- AZW,

In the Ratios there is a partial cancellation of the o b
experimental and from gluon/sea PDFs uncertainties

- the PDF's uncertainty on Z\W Ratio

the A, ratio is ~1% and Ay = ZI(WH + W) =
there is agreement between

PDFs sets W Ratio

« the PDFs uncertainty on A, = (W* - W)W + W)
A,y and A is reduced

compared to that on the W Lepton asymmetry

rapidity spectra within any A=(-0)(*+T)

one PDFs set

BUT there is not good agreement between PDF sets: a
difference in valence PDFs is revealed

l

MRST predicts Asymmetry ~15% lower than the other
PDF sets

oa - f"ﬁf :'_::-

" vl




Impact of PDFs uncertainties on

distributions

ner-p
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with full uncertainties (from LHAPDF eigenvectors)
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hep-ex/0509002
hep-ex/0511020

~ +4% from MRSTO01

For the first time with the LHC we will have

valence PDFs discrimination measuring valence

distributions at x~0.005 on proton targets

~ +8% from CTEQG6.1
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PDFs constraining potential

How much can we reduce the PDF errors when LHC is up
and running?

Simulate real experimental conditions:
ATLFAST simulated W Rapidity pseudo data included in the global ZEUS
PDF fit

Central value of ZEUS-PDF prediction shifts and uncertainty is reduced:
low-Xx gluon shape : >

L ==
parameter A, gu | CTEQ6.| + ATLFAST and 5, CTEQ6.l +ATLFAST and
_A 3 | gen level correction 4 | gen level correction
Xq(x) ~ x s | using ZEUS PDF compared s [ using ZEUS PDF compared
' to ZEUS PDF fit | to ZEUS PDF fit with LHC
N | pseudo-data

BEFORE A =-0.199 £ 0.046
AFTER A=-0.181 £ 0.030
- 35% improvement

hep-ex/0509002

:
"Iy il




Measuring heavy quark PDFs

e ) i Measurement of the Q-quark PDF (Q=s,c,b)
ON g — Process sensitive to Q content
g+s—W-e !\ of the proton
’ ’ Cuts on b jets: Event selection
(only Z—pyp)
pt > 20 GeV Nl < 2.4,
In|< 2.5

p* > 20 GeV/c,

70 <MW<1 10 GeV

[pt b-jet | ,
ATLAS (Fast Simulation AILERT LA (S T )
] — CTEQSI E
&5) M » I ATLFAST
g o [ MBsT2004 =2
fi e o ‘

2

g E CTEQS!
gw sz_ — MRST2004
£ | Eob |

05" 32 s % 26 40 60 80 100 fzhé?u'“{ﬁw:
rapidity pt (MeV)
PRELIMINARY

arXiv:0710.4461v1[hep-ex]



http://arxiv.org/abs/0710.4461v1

=

High invariant mass region

1.6 ' ' ' ' ' r
1] CTEQSL @ = Drell Yan dimuon production studies
Z o8 (full simulation) :
S o4 : estimate of cross sections using
S Ta cTEasL - different PDF sets varies within +7% for
- 1.2 \‘\ 2
..,5 ag_ MBS e S K\\\\\\\}\ \\\f\%\{\\\k\\\\\\_ M">1 TeV/C
N 0.6 ;
14] MRST2001 ] L 0304 _ PDF S
1.2 c -
1.0] _< © 254 — +- QCD scale 5
0.3 o ] ——Ew s
EE § 0.20 - Detector ;. -
1000 2000 3000 4000 5000 6000 ‘5 - T 7 -
Di-muon invariant mass, Gev/e® @ 0194 L o T
. . P o010 T st 4
Internal uncertainty on cross section: J [Pt |
* M” < 1 TeV/CZ: 0.05 ___..-?"":-"'f ‘‘‘‘‘ 7]
same order of the theoretical one, <~ 6% 000 i

*M, >~ 2.5 TeV/c?

the error coming from PDF’s is of the
order of the statistical one expected for
integrated luminosity of 300 fb-1 CMS NOTE 2006-123

T T T T T
1000 2000 3000 4000 5000

. . ; 2
Di-muon invariant mass, GeV/c




CMS,

Impact of the PDFs on the W mass

- ¥

T T T T | T T 1T | T T T T T T T T T T T T T T T T T T T T . . . .
~1.015— : ] W mass studied mimic W with Z to
5 - ] control systematics:
14 | ;
% 1-01:— - R(X) = (doy/dXy)/ (do,/dX,)
g - | being X the scaled variable XV = OV/MY
1'005:_ _: 950:'|"'|"'|;"|""""'"""""
: _//f'n\\ : g 40;— A MW
- — \_ S 30F A My E
E CTEQS1 Family (NLO) : ~7 E < 20;_ E
0.995 C - ELES%E?32HH|O ] 10 ;_, E
- MRST2002nlo - e . . ¥ ol
i MRST2004nnlo - OF 6 00 © o8 .
I~ MRST2004nlo ] e
D-gg_l 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I_ _10:_ _—
0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 20:_
X=2ETIM,, TE
-30F
20 2 -40%— =
AMy = |3 [max (M (sf) = My (0), My (s;) — My (0),0)] S
\ i=1 -50 2 4 6 8 10 12 14 16 18 20
CTEQ61 pdf member
20
AMyy = | S [max (M (0) — My (s}), M (0) = My (s;),0)]” ' iati
W = ’ ‘ i) ‘ i ) Maximal variations of the
physical observable from the
CTEQ — MRST results consistent within 10 MeV fit of the electron scaled
Reduction on uncertainties on PDFs needed to transverse energy:

control systematics on W mass <«

AM*,, = 23 MeV
CMS NOTE 2006/061 AM-, =17 MeV




Ongoing work ...

A lot of work is ongoing to estabilish the LHC power to constrain PDF’s.

Measuring PDF’s at CMS:

o Z+jets, ytjets, W/Z + X processes to improve the knowledge on
gluon and quark functions

« W studies to study the low-x region

(ie. relax of the u=ubar, d=dbar assumptions)
* High p; jets studies
Measuring PDF’s at ATLAS:

o Z+jets, yt+jets, W/Z + X processes to improve the knowledge on
gluon and quark functions

 PDF uncertainties on W+Jets

« Studies of systematic uncertainties on W/Z acceptances due to

PDFs
17



Conclusions

« HERA data largely improved our knowledge of PDFs
At LHC we are dominated by gluon/sea interaction at low-x:
regions never accessed before will be covered

* Current PDFs uncertainties on W/Z.:
— cross sections: <~ 5% - different sets agree within 8%
— Ratio and asymmetries: <~ 1%
— rapidity spectra: <~ 8% - different sets agree within ~5%

 PDFs uncertainties have a large impact on precision studies,
e.g. W mass determination

« Many studies are ongoing to understand how LHC can improve the
precision in the PDFs determination

18
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W Charge Asymmetry measurement

A. Cooper-Sarkar

) At LO the Asymmetry is dominated by u, —d,, parameter :

Aly) =

uc_l—d? u=d=q . Ay)= u\,—dv_
ud +du At small-x u, +d, +20

J u, —d, parameter is not well constrained by data at very low-x
- current PDFs simply have prejudices as to the low-x valence distributions

coming from the input parameterisations.
u,—d, Q=7 GeV” The small PDF uncertainties at low x

do NOT actually reflect the real uncertainty.

_____ at Q°=M,,* and x~0.006 (corresponging to y~0 at LHC):
e = ‘ x MRST u,, —d\, is 15% lower than other PDF sets
which reflects on A(y) measurement.

Q@=m,;’
MRSTO2 == For the first time with the LHC
ST we will have valence PDF discrimination
b ~N -/ X measuring valence distributions at x~0.005
X- range affecting W asymmetry in on proton targets

the measurable rapidity range
PRI TR From A. Tétol



PDFs sets

Pdf's are determined by global
analyses of data from

— HERA experiments H1, ZEUS

— fixed target DIS experiments

— CDF, DO (inclusive jet cross section
measurements)

Three major groups that provide semi-
regular updates to parton distributions
when new data/theory becomes
available:

1. MRST (global fits)

2. CTEQ (global fits)

3. HERA collaboration H1, ZEUS (HERA
data + fixed target DIS data)

4. Alekhin (DIS data only)

All of the above groups provide ways
to estimate the error on the central
pdf

Crrginal parameter basis

+ Hessian methodology enables full
characterization of parton
parametrization space in
neighborhood of global minimum

2-dim | .'.\r' | rendition af d-dim (~16] ."";"_-;'J'_Jr:':{r-..fi.'t fer space

. 2
confours of constant y, zlobal
u;: eigenvector in the I-direcrion
plil: point af largest a, with wolerance T
pla)

1 " -
I &g plobal miinimum T
’ o “'\
diagenalization and ? .y
: g ™, M
— >
rescaling by
the iterative method Q__ J//
« Hessian eipenvecior basis sets
ferl ()
Urthenormal eigenvector basis

o CTEQG.1 has 20 free parameters
so 20 directions in eigenvector
space ;

AXE = Z[mnx{}(: = Xp, X, — Xo, 0115

max

40 error Nt
pdfs

N
AXpee = | 3 [max(Xg = X}, Xg — X, 0.
A i=l

Joey Huston




Differences between PDF sets

" different data sets in fit
different sub-selection of data
different treatment of exp. sys. errors
® different choices of
tolerance to define # of;, (CTEQ: Ax?=100, MRST: Ax2=50 Alekhin: Ay?=1)
parametric form Ax@(1-x)°[..] etc
theoretical assumptions about sea flavour symmetry
factorisation/renormalisation scheme/scale
Q,?
Us
treatment of heavy flavours

23
From A. Tricoli



PDF uncertainties

J Theoretical Uncertainties

] Theoretical Formalism: perturbative calculations,
i.e DGLAP approx., higher order truncation, etc.
] Model Assumptions: non-perturbative parameterisations (x-depedence)
i.e. assumptions to limit the no. of free parameters

 Experimental Uncertainties

] Statistical and Systematic Uncertainties on experimental data inputs
) Correlated Systematic Uncertainties on data points:

The theoretical uncertainties are estimated varying the theoretical assumptions,
But only recently the correlated syst. on data points are properly considered:

PDF sets after year 2000 provide UNCERTAINTIES: f(x,Q?) £ & f;(x,Q?):

use a modified %2 —> %2+ AT? to consider non-gaussian syst. errors and their
correlations. T= tolerance

1 Offset Method: the correlated syst. errors affect only the determination of the PDF
uncertainty, NOT the best fit (centre value) e.g. ZEUS-S AT2~49
] Hessian method: the collective effect of the correlated syst. errors can also modify
the values of the best fit e.g. CTEQ6 AT?=100, MRSTO01: AT?=50
24



% Relative systematics uncertainties on
the acceptance for Z->uu and in W->puv

(CMS, for L ~ 1 fo-1)

Z 2pu W Suv
Source Uncertainty (%) | Source | Uncertainty (%)

Tracker L:j.Ii'\.fiL:"U}" ] Tracker L:”iL'iL.:"L'}" 0.5
Magnetic field knowledge 0.03 Muon efficiency L
Tracker alignment 0.14 Magnetic lluldl knowledge [J.[jlh
Trigger efficiency 0.2 "Fll"_u.m]\ux u];gnlmunl [:]‘:L
Jet energy scale uncertainties (.35 T ngect L‘_““_’“‘"“}' ] "
: - ‘ANSVErse missing energy
Pile-up effects 0.30 ransverse missing energ :
i o . o Pile-up effects 0.32
Underlying event 0.21 Underlvine event 0.24
nderlying eve 2
Total exp. L Total exp. 2.2
PDF LJl'IUIiL'LJ (CTEQ61 sets) 0.7 PDF choice (CTEQ61 sets) 0.9
ISR treatment 0.18 ISR treatment 0.24
pr effects (LO to NLO) 1.83 pr effects (LO to NLO) 2.29
Total PDF/ISR/NLO 2.0 Total PDE/ISR/NLO 75

Total 2.3 | Total | 3.3 |

. 600 events recorded/pb: size of statistical uncertainties ~ systematic uncertainties at

L ~ 3 pb.

. Most of the sources assume a detector understood with L=1 fb-! => systematics will

be a bit larger at start-up, and decrease with time
.Theory uncertainties are an interesting field of study by themselves

(oY =~

CMS NOTE 2006/082




High invariant mass region

(uncertainties)

Table 3: x; and xo for different masses and rapidities.

Table 2: Relative errors of the Drell- Yan muon pairs cross section measurements.

M+ .- Cross section | Detector | Statistical | Statistical | Statistical
fb smearing | 1 fb~! 10fbt | 100fb~?

> 200 GeV/e? 2.76 - 10° 810~ 0.025 0.008 0.0026

= 500 GeV/c? 1.07 - 10? 0.0014 0.11 0.035 0.011

= 1000 GeV/c® 6.61 0.0049 0.37 0.11 0.037

= 2000 GeV/icr | 241071 0.017 0.56 0.18

> 3000 GeV/ic® | 1.9-10~ 0.029 0.64

CMS Note-2006/123

Background:

the Drell-Yan one (Table 4).

y| o0 [ 2 [ 4
M =012 GeV/c’

xy | 0.0065 | 0.0481 | 0.3557

xo | 0.0065 | 0.0009 | 0.0001
M = 200 GeV/e

21 | 0.0143 | 0.1056 | 0.7800

zy | 0.0143 | 00019 | 0.0003
M = 1000 GeV/c?

xy | 0.0714 | 0.5278 -

ro | 0.0714 | 0.0097 -

The backgrounds considered are vector boson pair production ZZ, W Z. WW _ tt production etc.
The simulation and preselection of background events is done using CMKIN [11] with the same cuts as for the
signal above. In the SM the expected leading-order cross section of these events is negligible in comparison with

Table 4: Leading-order cross sections of pre-selected di-bosons (ZZ, ZW, WW) and tt events in fb for different
cut-off values on the dimuon mass. The CTEQSL parton distributions are used.

(M, TVIZ] =10 [ =15 | =20 | =25 | =30 | =40 |
Di-bosons, (b | 250-10 7 [ 1.51 - 10 7| 56-10° | 2.26-10 " [ 9.06- 10 ° | 1.66- 10 °
tt. b 288 10 7 [258-10 7 | 155 10 ¥ | 7.02-10 7 | 2.93 10 7 | 365-10 °




Measuring the W mass

uncertainties

electron channel

muon channel

Source of uncertamty with 1 fb~T with 10 fb~! with 1 fb~ " with 10 fb~°
assumed uncertamty A My assumed uncertanty A My assumed uncertamty A My assumed uncertainty A My

statistics 40 MeV 15 MeV 40 MeV 15 MeV
background 10% 10 MeWV 2% 2 MeV 10% 4 MeV 2% negligible
lepton

energy/momentum scale 0.25% 10 MeV 0.05% 2 MeV 0.1% 14 MeV <0.1% <10 MeV

energy/momentum linearity 6x107% Gev ! 30 MeV <2x107° Gev!? <10 MeV expected to be negligible negligible expected to be negligible negligible

energy/momentum resolution 8% 5 MeV 3% 2 MeV 10% 30 MeV <3% <10 MeV
acceptance resolution 1n n 2 MeV resolution 1 7) 2 MeV resolution n 5 19 MeV < ay <10 MeV
detector alignment 12 MeV negligible
MET scale 2% 15 MeV <1.5% <10 MeV 2% 38 MeV <1% < 20 MeV
MET resolution 5% 9 MeV <2.5% < 5 MeV 5% 30 MeV <3% <18 MeV
recoil system 2% 15 MeV <1.5% <10 MeV
total instrumental 40 NeV <20 MeV 64 MeV <30 MeV
PDF uncertainties 20 MeV <10 MeV ~20 MeV <10 MeV
My 15 MeV <15 10 MeV < 10 MeV
p" (W) 30 MeV 30 MeV

(or NNLO)

other theory errors

not yet evaluated for this experimental study

not vet evaluated for this experimental study

Table 7 Expected systematic errors on My for the scaled E” -lepton method with electrons and for the morphing method with muons. The first column lists the systematic
effect considered. Columns 2-5 (electron channel) show the assumed detector uncertainty for an initial integrated luminosity of 1 fb—!, the resulting uncertainty on My and
the extrapolation to an integrated luminosity of 10 fb—! when the detector understanding is assumed to have significantly improved. The last four columns show the expectad

uncertainties with 1 fb—'and the extrapolation to 10 fb—! for the My measurement in the muon channel

CMS Note-2006/061
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Inelastic pp

reactions: 70 mb
+ bb pairs 105 events/s | 100 pb
« tt pairs 0.8 events/s | 600 pb
. s e\ 15 events/s 10 nb
e 7 see 1.5 events/s 1 nb
« Higgs (500 GeV) 1 pb
« Gluino, Squarks (1 TeV) 1 pb

Pt(w) > 20 GeV |n(w)]< 2.5 & pt(b) > 15 GeV |n(b)|< 2.5

Cross section Z+b with Z—up

Z and W production

» Expected large production :
— systematics are rapidly a

potential limitation

* Production Mode
— small x

— gluon PDF : the least known

— NNLO / DGLAP extrapolation
at small X

Di lepton (electron) spectrum

PYTHIA

octeq(Pb)

OmrsT(PD)

Z+b

726

764

~ 16 pb

Including ~ 30% b-tagging efficiency we expect ~ 5 ev/1h
(low luminosity)

Mass (TeV) | Nevt (1fb-1) | 10 evis

1 ~160 ~70 pb-1
1.5 ~30 ~300 pb-1
2 ~7 1.5 fb-1




Conclusions : The Ground to New Physics

O(10pb-1) | W/Z Calibration /Alignment 2008
Lepton ID
Missing Et
Isolation
O(100pbh-1) | W/Z + jets PDfs
Top physics B tagging , missing Et
“Multi Variables™ analysis
O(1fb-1) Precision Top In Situ Final Jets Calibration 2009
Physics Full detector understanding
TGC

Solid Grounds for New Physics Should be Established

O(100fb-1) | sin%(9)
and more My

5-11/01/2008 LHC New Physics Signature 22
Corinne Goy (CNRS/IN2P3)



Unless |

Di lepton (electron) spectrum

Z'—e'e with SM-like couplings

: D’L 1 fb!
Mass (TeV) | Nevt (1fb-1) | 10 evts : | ZSS_M
= 5 i 10 I & :’L
1 160 70 pb-1 A Py " \ﬁ:‘t
15 ~30 ~300 pb-1 S . :
) | i f
2 7 1.5 fo-1 s | o
E - 1 '
L;.gj N 4]; |[:] f |J|‘ ‘I ]
” g ! | [l w] [l
t _.-J'. .T-I | :
) ’
500 1000 1500 2000 2500
mill) (GaV)
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LHC New Physics Signatures Workshop

Heavy quark mass effects in global fits

® CTEQS6.1 (and previous
generations of global fits) used
zero-mass VFNS scheme

® With new sets of pdf's
(CTEQ6.5/6.6), heavy quark
mass effects consistently taken
into account in global fitting cross
sections and in pdf evolution

® |n most cases, resulting pdf's are
within CTEQ6.1 pdf error bands

® But not at low x (in range of W
and Z production at LHC)

® Heavy quark mass effects only
appreciable near threshold R
+ ex: prediction for F, at low
K,Q at HERA Sma"er If mass Figure 6 Comparizon of theoretionl calenlations of Fy wsing CTEQG, LM in the Z0 formalism
of ¢,b quarks taken into R iy M e b e T

account

+ thus, quark pdf's have to be
bigger in this region to have
an equivalent fit to the HERA ——» implications for LHC phenomenology
data

Ratin to CTEQE 1
- "
o+ o

Heanlo av CTECA -0

From Joey Huston



Fraclional uncertainky of :I'I._,-(dﬁ

Note that for much of the
SM/discovery range, the pdf
luminosity uncertainty is small

Need similar level of precision in

Fractional uncertainty of dl./d45
)

usf
theory calculations [
L w Lo | "]! . 4 : N o 0.06 0,10 TR0
a et It will be a while, i.e. not in the cuddibim
Sqrt(3) [Tev] first fbl, before the LHC
. 7 Fracuoaal uscertainty Sor Lammzary tndl orvur p far o]+ W 4 58 4 o0 e dd 4 Am - B e 4 B
data starts to constrain pdf’s B e

Fla & Fraotiooal wsoariainy of (g (Omincdiry biegraied ovar i - . .

great deal of recent work in
ATLAS on storing error pdf
information when
generating MC events with
central pdf; by now,
standard practice in
CDF/D0O

NB I: the errors are determined
using the Hessian method for
a Ay? of 100 using only
experimental uncertainties,i.e.
no theory uncertainties

Integraled over ¥ l
[
{

{11

Practional uncertainity of dl/d5

it —i5e  NB II: the pdf uncertainties for
Sqrt18) [Tev] W/Z cross sections are not the
Rt Fractomal nssraioty far Luaninodry wegrawd over jTor gt + i+ o+ =+ 0 +5id + 8 = =—-'.—T_|5‘rna| |ESt

st i tblg= il i+ ii+By

From Joey Huston



CTEQ6.5(6)

® [nclusion of heavy quark
mass effects affects DIS =Ly ..o
data in X range :
appropriate for W/Z
production at the LHC

® Cross sections for W/Z — tF —

[ MEST2004 CTERE.L

20

18 —

a . B [nbl

Increase by 7-8% 14
s nMORWS(%-Qr(!]EC% and CHE T T ety ML TR et e
In consslent with hgure .
disagreement o T = | Note
® And relative uncertainties e ;V ; iTportance o{
of W/Z increase g7 - oo
« although individual o 5/ o
uncertainties of W and Z o 4 ST
decrease /
® Joe now has to use 45 N oy T =

pdf.ls to k‘eep me‘ ha ppv Figure 8: Wk & vorvelation ellipses al the IO obtained in the fks wich froe amd Rxed strangeness.
From Joey Huston



Impact of PDF uncertainty on New Physics: Higgs

g . 100
q H P :‘

..H. 7 a
Wiz 10 E
g q :

0.1
100

o(qq — Haqq) [pb] ]
N, Ve =14 TeV |
N MRST ——

100 1000
My [GeV]

o(gg — H) [pb] ]
V5 = 14 TeV ]
MRST — A

CTEQ -
Alekhin ------

" o(pp — HW) [pb]
Vs =14 TeV

| | | |

| o(pp — Hit) [pb]
[ /5= 14 Tev

Mz [GeV]

120 140 160 180 200

|:> PDF uncertainties
(CTEQ6M, MRSTO1E, Alekhin02)

on Higgs cross-sections:
Up to 10% (15%)

Djouadi & Ferrag,
Phys. Lett. B 5686 345:352 (2004)

34
From A. Tricoli



Impact of PDF uncertainty on New Physics:

Extra Dimensions Frerag, hep-ph/0407303 (2004)

An E.D. Model: di-jets cross section in the E.D. regime is a continuity | Standard Model prediction zone:
of the Standard Model one with new o running: do® _ do( «) where every measured cross section
X aM ,  dM , ° can be explained by a PDF fit, and

(T:-ﬁ) e y every power of discovering new
E E 0 E ' ' ' T LA L B B B . 8 ) .
W Mc=2TeV | - Mc= 8 TeV 1 | physics is killed and absorbed by the
= E 1w : . .
s 1 = | PDFfit
P M 1" EEN" —— Central value 1
O / ER T | 0k — 1o limits _
0 F T w0 _né— 3| 07 — 3o limits i
10 -12;_ P 1 5 -12; § -1u§ E
F 3 E 3 10 E E
10 _13%— 2XD;/ —% 10 _13;_ . 1 -112_ _Z
10 -15% 6XD/ “ ? 1 _15; § 0 _13; 7
su_u'1u|00'15‘00'2u|00'25‘00'$'35qu'40|00'45|00'50|1|m'5_;»00 SR N A NS T -ur - SM prediction :
500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 | 10 E E
Pt(GeV) Pt(GeV) | .s CTEQ6M PDFs ;
10 3 _5
- E,D. are masked by PDF uncertainties: 51;0 IllJIl]l]I15|l]l]I2l]|l]l]I25|l]l]I3|]|l]l]I35|l]l]I4|]|l]l]I45I;l)]l£|(."'&];l]gI\."';.ii]l]

High-x gluon is responsible of the big PDF uncertainties
PDF uncertainties decrease discovery reach for E.D. from M. 5 (10) TeV to <2 (g)STeV

From A. Tricoli



First & Ultimate Background for New Physics

1 mb

1ub

1 nb

1 pk

Fermilab SSC

| LHf l

CERN

jo
E 1

ow-»fvy—

H =
my= 100 GeV ——_
o =
m,.= 1 TeV ——

My =

">0.25 TeV __ "

G Higgs
500 GeY T

Ojat

High-p,QCD jets

-
g g

W, £ production

\

q
>~vvvv\ W!Z
q

gluon-to-Higgs fusion (light)

g t
oo
g

squarks, gluinos (m ~ 1 TeV)

L

oo 4

L

0.001

0.01 0.1
Vs TeV

1.0 10 10

Physics Signature

New

5
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W and Z cross sections

g . B, (nb)

» W/Z cross sections serve as precision physics monitors £ | Lo calculation
« All cross sections at Tevatron/LHC could be normalized to 10 L ampye |
W/Z -
* Both experimental and theoretical errors are under control 1
« CTEQ and MRST NLO predictions in good agreement
with each other y
« NNLO corrections are small Rl
* NNLO mostly a K-factor; NLO predictions adequate for e e
most predictions at the LHC 107}
Evaal il
3.5
LW Tevatron (Run 2] Z '_-“" ] 1 lg (Te\f)
gt o
2.0: OF (e,u) 100e,0) ] V\IT-'- a+
oo G(W*) > G(W") for pp olW?) _ud+.. U,
L5k RST2004 CTEQB.1 G(Wr—) 11d+... d
22 [-W He - o(pp) > a(pp) but G,(Pp) _ uEdeng... :g 1
B . o( pp) = o(pp) atlarge s c,(pp) uu+dd+.. T
3 R s
RN s
Rl - .
" oF ¢ 1 R=oW)/o@)~10 o(W) |[Vu| BR(Wolv) 1.
- msra004 CTEGB o(z) v*+a’BR(Z-I17) 03

14




Parton distribution functions (PDF’s)

Evolve partons upwards using NLO (or NNLO) DGLAP equations. Fit data for scales
above 2 — 5GeV?. Need many different types of experiment for full determination.

H1 S P (. ()?) 1996-97 moderate ()? and 1996-97 high ()2, and F; (. ()%) 1998-99

high ()% small =. ZEUS F‘ *”[r ()?) 1996-97 small = wide range of ()%. 1999-2000
high ()°. H1 and ZEUS Fy° [r )?).

NMC FEP(x, Q2), F4%(x, Q3), (FL™ (2. Q2) /FIP (2, %)), E665 F4P (2, Q?), Fi¥(x,?)

medium .

BCDMS F4P(, Q2), Fi'%x,Q2), SLAC F4P(x, Q?), Fi(z,Q?) large .
CCFR FyP (2, Q%) Fy'"P (2. Q?) large = , singlet, valence.

E605, E866 pN — pji + X large @ sea.

£866 Drell-Yan asymmetry ii. d d — i. DESY 07
CDF W-asymmetry u/d ratio at high .

CDF DO Inclusive jet data high 1 gluon.
38



Parton distribution functions (PDF’s)

New data included.
NuTeV and CHORUS data on £ (2, ()?) and F"" (., ()?) replacing CCFR.

NuTeV and CCFR dimuon data included directly. Leads to a direct constraint on
s(x. (%) +5(x, Q%) and on s(x, Q%) — 5(x. ()?). Affects other partons.

CDFII lepton asymmetry data in two different £’y bins — 25GeV < Ep < 35GeV and
35GeV < Er < 45GeV. DOIl data for E7 > 20GeV.

CDFII (prel) and DOIl dataon da(Z)/dy for 0 < y < 2.5,

HERA inclusive jet data (in DIS).

New CDFII high-Er jet data. DESY 07
Direct high-= data on F (2. ()?).

Update to include all recent charm structure function data.

Would like averaged HERA structure function data.
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