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The Parton Model and Factorization

Parton Distribution Functions

(PDFs) f, .

Electron
are the key to calculations

involving hadrons!!!

Proton

fo. ®O0

GPy—>c - J P-a ay—c
Corrections of
order (A?/Q?)

must extract from calculable from
experiment theoretical model

Cross section 1s product of independent probabilities!!! (Homework Assignment)



PDF extraction requires a variety of measurements
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DIS Production Drell-Yan Jet Production

Fy ~|ld+s+u+¢

_ S~ “ld+s
Fy ~ |[d+5+u+c] ’ (3) ld+s

1
+ (%)2 u+ ¢

F; = 2ld+s—u—¢

F: ?1)7 = [u + c — j — 3} In particular, the DIS combinations have

historically been particularly useful

Different linear combinations — key for flavor differentiation

The -DIS data typically use heavy targets, and this requires the application of nuclear corrections



Global PDF analyses combine Hadron-Hadron w/ other sets

Q (GeVH)|

F,—>q,9
dfF,/dInQ*>g

ixed Target

u,d,s

HH‘

-2 -1
10

Fixed Target:
DIS charged
lepton
DIS neutrino
DY
Direct Photon

HERA (ep)

Tevatron:
Jets
W Asymmetry

LHC DATA

just now being
included



Kinematics
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Rapidity distributions

Vs = 14 TeV , #
M =M, . Vs = 14 TeV
M/2 s pu s 2M \ / M = My
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Anastasiou, Dixon, Melnikov, Petriello 03, ’05; Melnikov, Petriello 06

& LHC: perturbative accuracy of the order of |%.This is absolutely unique.

G. Zanderighi — Oxford University



FOUNDATIONS 7

PDF's are certainly one of the foundations
that our search for “new physics”

is built upon

MSTW2008 (NNLO)
W2=10 GeV?

=10 GelV”

g/ 10




[LHC results

LLHC 1is 1deal for certain measurements

For full picture, we need to combine with other measurements
These measurements are interdependent

and part of the foundation we use

to calibrate the search for “new physics”

I will look at some select examples



Higgs Production



= Compact Muon Solenold

- ATLAS Preliminary
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" bompacl Muon Solenoid
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W/7Z
Production

“Benchmark Calculations™



W and Z selection (muonslelectrons)

W selection: E 36 pb' at NS =7 ToV -
. > 12— ® data ]
= High-p_ lepton (p.>20-25 GeV) 3 e
= - B Ewk+T ]
" Well Isolated from hadronic activity =~ § = — et :
" Loose cut on missing transverse ‘% "‘*— __ CERN-PH-EP-20113107
energy (or not cut at all (CMS)) E *F ENE
= Efficiencies, resolutions, signal and " o
background shapes studied / w Shaa e e
extracted from data. M R e W
E [GeV]
7. selection: 3 asof Em‘f ﬁdt:zﬁ s :
= Two high- p, leptons (p,>20-25 2 3002—%203& ATLAS Preliminary -
: £ 250F -
GeV), also isolated 2 o [ Recce's Gk I
= Dilepton mass consistent with a Z o :
150 —
= Efficiencies, resolutions studied / 100k E
extracted from data. - E
= Almost background free O e e S e St
Mee [GeV]

oy J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference 6



W/Z PRODUCTION

Drell-Yan
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Great for searches
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Systematic uncertainties (CMS)

Source (%) Woev | Wouv |Z—ete” | Z—utu
Lepton reconstruction & identification 1.4 0.9 1.8 n/a
Trigger prefiring n/a 0.5 n/a 0.5
Energy/momentum scale & resolution 0.5 0.22 0.12 0.35
Et scale & resolution 0.3 0.2 n/a n/a
Background subtraction / modeling 0.35 0.4 0.14 0.28
Trigger changes throughout 2010 n/a n/a n/a 0.1
Total experimental 1.6 1.1 1.8 0.7
PDF uncertainty for acceptance 0.6 0.8 0.9 1.1
Other theoretical uncertainties 0.7 0.8 1.4 1.6
Total theoretical 0.9 1.1 1.6 1.9
Total (excluding luminosity) 1.8 1.6 2.4 2.0

= These are the final 2010 results from CMS (already submitted for publication)

= Experimental uncertainties are significantly reduced thanks to the extensive use of data-
driven methods to control efficiencies, backgrounds and signal shapes

= Theoretical and experimental uncertainties have similar sizes

= Measurements in fiducial volume are also provided (smaller theory uncertainty)

CTF &
Centro de Investigaciones
Enenséticas, Medioambicntales
v Tecnoldgicas

J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference




Ratios



LHC W+/W- and W/Z ratios

CcMS

36 pb'at \s=7Tev

CERN-PH-EP-2011-107 I

il BRW'= ) [t

NNLO, FEWZ+MSTWO8 prediction
[with PDF4LHC 68% CL uncertainty]

1.43 +0.04
W - ev -
1.418 + 0.008 . + 0.036 _,
W — v HH
1.423+0.008 _ +0.036_
Wolv (combined) Fed
1.421+0.006  + 0.033 _
0 0.5 1 .. 15 ]
4= [oxBJW™")/[oxB W)
T T I T T - ] I T T T I T T
3535 ATLAS Preliminary —

" | M. Bellomo's talk I 5

3 8 . ]

& _I L dt = 33-36 pb'

B - Data 2010 = = 7 TeWw) total uncertainty ]

O MSTWOS —a— Sta = SY'S
— A ABFMOD uncertainty -
2 51— > JROoe GE8.32%% CL ellipse area —
i 1 1 I 1 1 1 1 1 I 1 1 ]
1.8 =2 2

1
2
O

W+/W-: potential to constrain PDF uncertainties

J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference

- BR{W — W) [nb]

CMS 36 pbtat \Vs=7Tev
T T T | I LA | r— r r 1 T
NNLO, FEWZ+MSTWO08 prediction
[with PDF4LHC 68% CL uncertainty]
10.74 + 0.04
Woev, Z—ee Het!
10.56 + 0.125tat T 0.19syst
Wouv, Z—uu Het!
10.52+ 0.09 gt = 0.20 syst
W - |V, Z—- (combined) HH
10.54+0.07 _ +0.18_
L L L | L L L | L 1 L L L | L L L | L L L 1 L
0 2 4 6 8 10 12 14
Ruz=[0xB](W)/[cxB](Z)
F L I T T T T Ik T - T T T | T T T ]
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- B ]
11— —
< | :
o B N
ﬂ;l 10— =
2= B s 1
=] N J L dt = 33-36 pb |
9 & Dats 2010 &= = 7 TeW) e otal uncertainty ]
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B o e uncertainty ]
- JROE GE8.3% CL elipse area -
8 L —
T I 1 1 1 1 I 1 1 1 1 I 1 1 1 N
0.8 0.9 1

oPt - BR(Z/y*— 'T) [Nnb]

W/Z: stringent test of theoretical expectations
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W/Z PRODUCTION

Drell-Yan
>0 W& Z cross sections at the LHC
CTSHQ
NNLL-NLO ResBos v A
215} CT4HQ |
A e |
2.1} A A CTESM
g CTEQ6.6.~ CPH
205+t o© A KM
3 s CT6HQ
“ A CT5HQI
o | 2 A crsmi
@)
N LA CT6M
195} CT61M
A cmam )
1.9 W Cross Section

51

20

Gy, [Nb]

| ATLAS Preliminary
11

10

Data 2010 \\s =7 TeV)

AT| AS-CONF-2011-041

CT10

s total uncertainty i

®
. O MSTwos —@- uncorr. exp. + stat.
O HERA uncertainty
9 A ABKMo9 e
L 0 JRo9 .[ L dt=33-36pb -
| | | 1 | | | | | I | | | |
0.8 0.9 1 1.1
G, [nb]

ATLAS W/Z cross section ratio in
good agreement with NNLO

predictions from the
shown

PDF groups
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W Asymmetry

A bit of calculation

u(x ) - d(x,)
proton W

_|_
With the previous approximation,

N u(xa)d(xb)_d(xa)u(xb>

anti-proton

ulx)d(x)+d(xJulx,)

d(x)

u(x)

We can make Taylor expansions:

Rdu('x) =

where

Thus, the asymmetry is:

EXERCISE: Verify the above.

—(w") = =)
O T

5(W + d—y(W )
Rdu('xb)_Rdu(xa)
Rdu<xb)+Rdu('xa)

20




W lepton charge asymmetry

= A first natural extension of the W inclusive ® This measurement is rather sensitive to

studies is the study of the W*/W- ratio, R, PDFs because most systematic
as a function of different kinematic uncertainties cancel in the ratio
variables. = Selections follow closely the criteria used in

= Experimentally, a clean way to do this study inclusive measurements. | arXiv:1103.3470 I
is to measure the charge asymmetry as a First n bin, electron channel

function of the lepton pseudo-rapidity : CMS Wb at\G=7TeV
> x?U | | | I | | | I |
d d v Rztae SsGevie +b) e 2 GeVle -
—G(W+ I )——G(W N v) (0 a) e P >2GeVG b) e p. > 25 GeVie
dn dn o | In| <04 <04
A(n)= N
! _Q(W"L I )+d—0(W —~I'v) 2 03 :
d d ' * data " data
n n -
UEJ o ] T O] W e
A )_RW(n)—l 04 W Ewkst + B ek -
ik —RW(TI)'l'l 02
0

0 20 40 60 &0 0 20 40 60 &80
Fr [GeV] Er [GeV]
o> J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference 13
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0.3

0.2

0.1

Lepton Charge Asymmetry

W lepton charge asymmetry

CMS 36pb‘1at \s =7 TeV {=D.35_||||||||||||||||||||||||
[T L L 5 data 2010 (/s =7 TeV) —+ Stat. uncertainty

L a) p,*" > 25 GeV/c - & MSTWO8 -Tn-tal uncertainty

. ) ﬂ.3_— o ABKMO9 7
N | - ¢ JRO9 '

1 siTors: stat syst : ~ | M. Bellomo's talk

— — MCFM + CT10W — DEE—I I

B &8 MCFM + MSTW2008NLO ] B

= theory bands: 90% C.l.  _ B

H | i B

[ b) p " >30GeVic = 0.2

- — B

- i de’t:SE—BE pl”
- 0.15

P |Larxivi11033470 | - ATLAS Preliminary
:I | T ] [ I ] € :

_l 1 ] I T 1 LL _

. . . | N P n ||||||||||||||||||||||||
0 1 2 1] 1 1:-5 2

Lepton Pseudorapidity
= CMS published results

nl

In reasonable agreement with different PDF predictions, but
extremely sensitive to shape details

CTC el

‘e de

Investigaciones

|_zver&-_( icas, hedioambientalies

Tecnoldgicas

J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference

2.5

=  Updated ATLAS results (electrons added) h"lll
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Lepton Charge Asymmetry

0.3

0.2

0.1

0.3

0.2

0.1

Lepton Pseudorapidity

ul

mi

dO‘('/‘/ + ) I do‘(‘/lf _ ) 1035_ LN N N N N I L ) B S L Y N B |
— K H < . —¢— Data 2010 \'s=7 TeV) ATLAS
W W - %44 MC@NLO, CTEQ 6.6 ]
dO‘( pt ) + dO‘( o ) 0.31 S MC@NLO, HERA 1.0 o
[ 44 MC@NLO, MSTW 2008 » //3?« 7
e
CMS 36 pb" at \s=7TeV -&9[ )
- A A B A - ¢ .
[ a) pTe’LL > 25 GeV/c N 0_2__ _
i s “ ) A o SR i
| N\ _ A i
N oW — ev . 015§®®L\%\ ATLAS ]
T S . G\ oW — puv . it 1
CaaRRRREES errors: stat @ syst i i L dt = 31 pb 1
[ wth MCFM + CT1 OW ] i 1 | | 1 I | 1 1 | | 1 1 1 | | | 1 1 | I 1 | 1 ]
| * MCFM + MSTW2008NLO | 0 0.5 1 1.5 2
| theory bands: 90% C.I. |
| | | n
[ b) p.>* > 30 GeV/c B
- &K n - 0.4 - { PRELIMINARY
L ] g 0.2
! ] £ ,[ LHC-B
,,,,, . © n
e CMS _ S 02— e
[ I I — | e | % 0.4 :_ CTiow
R I I I I ) no = - * LHCB
I T | 0.6 NNLL-NLO+K, ResBos
0 1 2 L. . P RS BN U SR RS S B R
15 2 25 3 35 4

4.5
Zhao Li, 2011
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do(W+ = 41) —do(W— — {7)

Ay =
T do(WT S 0T +do(W— — )
\\% osymme’rry in p-pbar collisions

'u = =—E—] |d oy o o e o

— = } d | T — = N n/
Boost Boost
W+ Vv W- e—
i 4
———————— e ety EECE G
——"8#1
at W rest frame at W rest frame
P Ve
i v

o If v quarks carry more

35000

momentum than d quarks, the :
W™ will head in the proton I
direction preferentially. e
20000
o Unfortunately, the V-A e [ W rapiaty

[ ] w- rapidity

—&— e+ pseudo-rapidity

interaction means that the oonok
charged lepton from W decay . F .~
heads backwards in the W Ao~

fI'CI me - § gegerated r1apidity [2yW or nj

—&— e- pseudo-rapidity

Heidi Schellman DIS2011 DIS2011  April 11, 2011



Results compared to RESBOS+CTEQ6.6M

Asymmetry

0.3p 3 F
- D@ Preliminary 3 P L
025 | _491b" g l
0.2 20<p$<35 GeV Sl 3
= p‘T’ > 20 GeV . : e o
015 [ i
= '
0.1 ;— ' '
0.05 '
E :
-0F-
-0.05F
01 —— stat. error
§ —— total error
-0.15— ; CTEQ®6.6 central value
= | I | . CTEQ6.6 uncertainfy band,
-0 e v ey v T PN
20 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

> 0.3 §
® = DO Preliminary g F
£ 0255 | 491" A =
5 020 Pi>20GeV 5 f l
< = p¥ > 20 GeV vt y . ;
0.15— -
E 5 | » Ny
0.1 E_ .
0.05 .
r
-0 =
-0.05F
-0.1 = —e— sgtat. error
- —— total error
-0.15— CTEQ6.6 central value
= CTEQ§.6 uncertainty pand
_0 1 1 I 1 1 1 | 1 i 1 I 1 1 1 I 1 1 1 1 _ - - ! ' ' - ! _ - - - - _ - - -
20 02 04 06 0.8 1 1.2 14 16 1.8 2
> 0.4f 8 "F
(] - D@ Preliminary g " 3
3 0.3F p;>35GeV - ]
2 = 3
- pY>20 GeV n
0.25 — pT
0.2~
- ]
0.15 y
0.1 ol
E ]
0.05 = 1
0 g —— stat. error
- —— total error
-0.05F CTEQ6.6 central value
_0 1 :l 1 1 I 11 1 I 1 1 1 I L 1 1 I 1 1 11 _ _ ! CTEQG.G unC?rtalnty Pand _
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Pseudorapidity

Pseudorapidity

3 muon PT bins, PT(v) > 20 GeV

Upper Left — PT(u) > 20 GeV
Upper Right 20 GeV < PT(u) < 35 GeV
Lower Left PT(n) > 35 GeV

DIS2011  April 11, 2011

Heidi Schellman DIS2011
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The puzzle of the CDF/D0 W lepton asymmetry

B CTI10W set reasonably agrees with 3 p, bins of A.(y.) and
one bin of 4,(y,) from DO Run-2 (2008).

B NNPDF 2.0 @xiv1012083 agrees with A ,(y,,), disagrees with two
pre OINS Of Ao (ve).

B CT10, many other PDFs fail.

Agreement of source or
PQCD with DO A.(y.) X2 /npt comments
CTEQ6.6, NLO 191/36=5.5 Our study;
CT10W, NLO 78/36=2.2 Resbos, NNLL-NLO
With 4,(y,,): 88/47=1.9
ABKM’09, NNLO 540/24=22.5 Gatani, Famwera, Srazsini,
MSTW’08, NNLO 205/24=8.6 JHEP 05, 006 (2010)
JRO9VFE, NNLO 113/24=4.7

Pavel Nadolsky DIS2011 |

Pavel Nadolsky (SMU) XIX DIS workshop, Newport News
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L nuclear uncertainty

[ XXX PDF uncertainty
|
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0.6 0.8

0.4

0.2

Determined from DIS and DY on p and d

A.Accardi, W.Melnitchouk, J.F.Owens, M.E.Christy, C.E.Keppel, L.Zhu, J.G.Morfin

Uncertainties in determining parton distributions at large x.
arXiv:1102.3686 [hep-ph]

LHC values scaled appropriately



W/7Z
Production

On the theoretical side ...



W Production at LHC: A Benchmark Cross Section

Heavy quark PDFs are essential ingredient

Tevatron LHC

0.1-

da/dy(W™) at Tevatron

tot tot

0.1F

do/dy(W*) at LHC

0.01F

.
[

Heavy Quark components play an
increasingly important role at the LHC
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PDF Uncertainties

Cross Section

i strange )
“..contribution.”

________

70t

60t

Cross Section

10¢

VRAP
Code

4

50}
L40f
30}

20t

strange
contribution

aaaa

Z at LHC

2 .. 4
,  rapidity
Anastasiou, Dixon, Melnikov, Petriello,

Phys.Rev.D69:094008,2004.

[]

Entries / 0.1

Sx)PDF O W/Z at LHC
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450
400
350
300
250
200
150
100

50

—e—Data 2010 (\s=7TeV) I L dt = 36 pb'1

£oee ATLAS Preliminary

QCD

O_|||||||

4

PDF Uncertainties will feed into

3 2 4 0 1 2 3

AN

Yz

LHC “Benchmark” processes

Comparison with new NNPDF sets: Les Houches 2009



What constrains the
Strange???
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Di-muon production [1 Extract s(x) Parton Distribution

Extract s(x)

s g —» Wc at the Tevatron

Consistent
S with SM

g{‘{‘ .

CDF & D0

CDF: PRL 100:091803,2008.
DO0: PLB666:23,2008.

Extract s(x)

-
o DN
o O o

o

8
6
40
2

OS-SS Events / 3 GeV/c

(@]

@ Data (~1.8fb )

[ 1Wec
B W+LF

[] Other

overflow bin

5

NN NN FREEE FREEE R REREE R
10 15 20 25 30 35

SLT muon p; [GeV/c]

-

Depends on
nuclear
corrections

Used in CTEQ6 Fits

DY
(b) L=1fo"
——data
W-c-jet
wen \Wetlight-jet

""" W+bb

1 2 3 4 5
Muon p;e' [GeV]
Also a challenge at LHC



Nuclear
Corrections
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Traditional Input to Global PDF Fit 36

Include Nuclear Dimension

- . ~ Dynamically
Start with
. Nuclear a4
Neutrino data Correction
on heavy targets
(Fe, Pb, ...)
Isospin “Corrected” data
SYIV for isoscalar
“Corrected” data Nuclear
for proton

Correction
\rozen”
Global
No PDF Flt
Feedback!!!
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Nuclear Corrections: Compare Neutrino and Charged Lepton DIS

o
o0

Charged Lepton DIS L[]

1.20

1.15

A=56,2:26 | 02_5Gev2, FFe

SLAC/NMC

i HKN07 (NLO) -
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e L TRy A R B Lo R EET P PP P PP PPPPPPPPPPRTPPPPPPRPRRE) AP

A B

(AN

iy

X

i
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___fltB
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U HKNG7 (NLO)
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nCTEQ Nuclear PDF's

39

v CTEQ style global fit extended

handle various nuclear targets

v CTEQ Data + nuclear DIS & DY
[~15 targets; ~2000+ data]

v A-dependence modeled;

NLO fits work well

A-Dependent PDFs

rf(z) = 2" (1 —2)"e®"(1 4 e™1)™
a; — a;(A)

ak:ak,0+ak,1(1 _A_a“)

Nuclear PDFs from neutrino deep inelastic scattering.
|. Schienbein, J.Y. Yu, C. Keppel, J.G. Morfin,
F. Olness, J.F. Owens. Phys.Rev.D77:054013,2008.




File Edit View History Bookmarks Tools Help

« * b ﬂ ﬁ [ http://projects.hepforge.org/ncteq/ ~ [,:lv Google ﬁ?{]
|__The CTEQ Meta-Page 3¢ | Nuclear CTEQ parton distri... 3¢ ‘_ qr v
| nCTEQ Rl Go! | hosted by CEDAR HepForge

“ nCTEQ

nuclear parton distribution functions

nCTEQ project is an extension of the CTEQ collaborative effort to determine parton distribution functions inside
* Home of a free proton. It generalizes the free-proton PDF framework to determine densities of partons in bound
» PDF grids & code protons (hence nCTEQ which stands for nuclear CTEQ). More details on the framework and the first results can
be found in arXiv:09072357 [hep-ph].

2 tupee B Tl The effects of the nuclear environement on the parton densities can be shown as modified parton densities

* Subversion

d-valence

* Tracker
* Wiki

£ Qy)

K Kovarik,
I - S:hl enbel n’ om 002 005 01 0z D5 4 001 ooz oos 01 oz 05 1
JY.VYu, u stranxne

T. Stavreva, gt :
T JeZO, 5 P .
C. Keppel, S |
J.G. Morfin, =1 .
F. Ol NEess, Uocln wez 005 0;1 YT
J.F. Owens.

where all black curves stand for free proton PDF and red, green, blue, cyan, pink, yellow, magenta and brown
curves show PDF in protons bound in nuclei - from deuterium (red) to lead {brown). =

Done




... what about the

Heavy Quarks

c & b

Extrinsic & Intrinsic



F2 from HERA: Essential ingredient for PDF analysis

6/ nc(%Q) x 2
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Heavy Flavor Components will play prominent role at LHC
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FSC x 2'
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How to Access Heavy Flavor Components Directly???
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First LHC results on W+charm (CMS)

CMS preliminary
T | T T T T T | T 1 T

CMS preliminary
—f ® T © [ r % T [ F ¢

q : T T I T T T I T T T : v : T T T I T T T I T T :
g 90;_ 36 pb" at Ns =7 TeV E g 90;_ 36 pb!' at \s =7 TeV E
B 80K —] B 80F —
= - ® Data 3 = - ® Data 3
g 70 E_ W'+charm _E q>_) G E_ [ wW+charm _E
D 50 []wr+ight E L 60 []wWlight =
o cof [t E o sof [tor E
L ZYE [ other bekg. ] = - [ Other bckg. 3
g 40 — % 40 —
E . - ' -

S 590 E = 5of M. Grothe's talk E
e ] -] and CMS-PAS-11-013 =

201 E 20E E
10F - 10} =

: | 1 : : 1 I 1 1 1 I L 1 :

Q6 0 2 4 6 Q6 -4 -2 @)

= Sensitive to strange quark PDFs (process dominated by s+g — W + charm):
" PDF uncertainties from the second quark generation are a potential source of uncertainty for the W mass
measurement at the LHC
= Data-driven control of light-quark and top backgrounds

= Enormous margin for improvement (only 2010 statistics used), new method (secondary vertex tagging),
complementary to the one employed until now at Tevatron (semileptonic charm decay tagging):

For p''>20 GeV,|n"'|<2.I:
o( W'+ charm) o (W +charm)

o (W +charm) o (W + jets)
i J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference 19

Enensdticas, hMedioambientales
» Tecnologicas

=0.92+0.19(stat.) £0.04( spst.) ; =0.1420.015(stat. ) +0.024(spst.)



First LHC W+b results (ATLAS)

" Important background for Higgs searches: W+H (H — bb) at low Higgs
masses. Also a background for tt and single-top measurements

"  W+b excess over expectations published by CDF | A. Messiia's talk
50— 5 20 ! !
-~ 455_ ATLAS Preliminary —+— Data2010e= 7 TeVy & " ATLAS Preliminary Data 2010,Vs=7 TeV ]|

1] —

‘ = Electronl + 2 Jets J & — —c— Electron Channel , 17
g 40 ;_ * _; _ué_J‘ B —.— Combined Electron and Muon JLdt = 35 pb ! =
E; 95 = qd « 15— —%F— Muon Channel T ]
- E 3 Al T ———— NLOSFNS T
= | 43 + | s ALPGEN + JIMMY (b-jet from ME and PS}) |
il a ; : 3 | oo ALPGEN + JIMMY (b-jet only from ME) ]
> = [ ] Single Top 3 = - _
w25 I Other EW 3 T 10 PYTHIA A N v

F _[L dt =35pb’ 1% | -
155 -P 1° ¢ f [
10E- W+2 jet - 5 4 % I ................................ ]
5E= 3 _ L i T———
- e = e — ] -
3 4 5 B oo T
Secondary Vertex Mass [GeV] 1jet 2 jet 142 jet
" Significant decay length (>5.85 o), fit to the reconstructed mass at secondary vertex
|

Challenging analysis: it requires significant reduction and control of top backgrounds
and W+charm. Analysis performed independently for 1 and 2 b-tags in the event

Agreement with theoretical predictions at the 1.5 ¢ level
D ripesietnini J. Alcaraz, W/Z Physics, EPS-HEPP 2011 Conference 20

Enenéicas, Medioambieniales
¥ Tecnologicas



Heavy Quarks at the Tevatron
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Are there Intrinsic Heavy Quarks??? Do they matter???
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Are there Intrinsic Heavy Quarks???
n.nané

.o25f
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.020¢

015t

=)

010 ¢

.nnﬁé g}/f/{
m ] ] ] m ] ] ] CTEQl-66

1.5 2.0 3.0 5.0 7.0 10.0 15.0@0.0 30.0

L (GeV)

=

Momentum Fraction
=

[ IMost sensitive near threshold
* What happens if we allow the
evolution to determine charm?

Z.ero: No intrinsic charm
Positive: Intrinsic charm
Negative: Inconsistent



Sample Cross Section for an Electron Ion Collider
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dG/dey(pb/GeV)

0.0001
0

5> TrorX
p I\)/S_ _1 ;{ TeV

I T TTTTTT

! * ! I I I ! =
.

leT] Q>O —
— CTEQ 6.6M

— - BHPS IC model
-+ Sea-like IC model

Thanks to
Tzvetalina Stavreva

50 100 150 200

P (GeV)



Sample Cross Section for an Electron Ion Collider

e p DIS, Vs = 105 GeV, Q% 625 GeV-

1 10

CTEQ6.6 ——
BHPS mom. frac.= 0.01 ---------
01 BHPS mom. frac.= 0.035 ———
e T sea-like mom. frac.= 0.01 --------- .
v, —~———— sea-like mom. frac.= 0.035 ——
§ . 0.01 = RSN
S N S NG .
C
S
©
S 107
- i
g i i
o
K®]
8 10% 0.057<y<0.97 ]
3 JLdt=101b"
o Tagging efficiency = 1
107 ]
0.08 0.1 0.2 )?.3 04 05 060.70.8 1

— 10°

Thanks to

Marco Guzzi
for this
calculation



What 1s the

proper treatment
of masses???



2009 Les Houches Comparative Studies

The SM and NLO Multileg Working Group: Summary report.
e-Print: arXiv:1003.1241 [hep-ph]

Ge[)j Prusics at Tey Coliders 75,7



2009  Les Houches Comparative Study
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0.4 [ 0.4 [Ty ]
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\ i \ Dotdash: S—ACOT—chi j i
0.3 —
0.2} -
0.1} =
IIIIII|.I| IIIIIII.Il (T Ll IIIII|.|.|h lllllu.|| llllll|.|| [N 1 |||||||,|L : ]
5104 10-3 10-2 10-1 100 5104 10-3 10-2 10—-1 100
107° 10741073 107* 1071 10 107° 10741073 107* 107! 10 10-5 10-% 10-3 10-2 10-1 100
X X X
ACOT & S-ACOT FONNL & S-ACOT MSTWO09
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The SM and NLO Multileg Working Group: Summary report.
J. Rojo, et al., e-Print: arXiv:1003.1241 [hep-ph]



Schematic Summary of ACOT & TR Schemes 54

TR type schemes ACOT type schemes
Q<m, | Q>m,;  m Q<m, | Q>m, o™
[]
+ + +
NLO i
[]
*y o
+ + +
NNLO ! ! NNLO +
[]
¥y ¥y
y L1y Y L1y L1y




Step toward NNLO CTEQ

DIS Production

S S

NLO Subtraction

T

NLO y*¢
’\/\/\ ’\/\/\
™
o005 T
|
NNLO: y* g

NLO, Q=2 GeV, m_=1.41 GeV

(\) O T T T
S-ACOT band, from top: |
= WP=QF+4ms,1=0.2 ;
- 1P=QP+mg2,2=0 (default)
~ - ~N ,u2=02,l=0
° LN i

\ Dashed: NF=3, NNLO

\ cf. talk by
\ Pavel Nadolsky

O MSTW08-NLO

m MSTWO08-NLO-y
A FONNL-A-y

® FONLL-B-y

1073 0.01 0.02 0.05
X

NLO y* g
ACOT I: Phys.Rev.D50:3085-3101,1994 _ _ _
ACOT II: Phys.Rev.D50:3102-3118,1994 N
| |

/\/\/\_ /\/V\/W? NNLO Subtractions Buza, Matiounine, Smith, Van Neerven, Eur. Phys. J. C 1998

NNLO: v* g NS | |

NNLO: y* X

Riemersma et. al. Phys.Lett. B347 (1995) NNLO y* ¢ Moch, Vermaseren and Vogt, Nucl.Phys.B724, 2005



[sospin Symmetry

... taken for granted



Isospin Symmetry used to relate PDFs 57

Neutro

Proton

A Review of Target Mass
Corrections.

Ingo Schienbein et al,
J.Phys.G35:053101,2008.

AxF§ = oFY* — 2FY4 = 4225, — 2wc’, + 2614
AF?:%FZCC_FQJ\Iczqt%a:sj(:C) txch(z) + s 014

514 = (6d + 6d) — (6u + 6a) du = duy — ddy,



Isospin Symmetry is violated by Electroweak DGLAP Evolution
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MRST-QED 04

Photon 1s not flavor blind!!!

-
o)
a

proton

-
]
]

o
©
o

n/p valence parton ratio
o
o
5}

n P ]

v v i

085 - MRSTQEDO4 -

[ Q°=1GeV? ]

0.80 C 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0

neutron

NNLO QCD

Could Isospin terms affect
Tevatron W-Asymmetry???

MRST, Eur.Phys.J.C39:155-161,2005.

Isospin terms are comparable to



Search for “new physics” requires dependable foundation >

J Ability to discover
| “New Physics”
1s dependent on distinguishing
e f “Old Physics”
i?’ﬂ“‘ e ‘*ﬂ \ CMS Experiment & the LHC, CERN
kot r #"t"i‘j PO R U | ||||:'u

s

As experimental precision has
increased, we need to be concerned
about the details
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Why is F, so special ???
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do? DIS

dx dy

do? DIS
dx dy

=(1—-y)

m

Fr ~ —

(>
Masses

are
importan

°q

() + (1 —y) o(z) + q(z)

q(z) +as1cy @ 9(2) + ¢4 @ q(2)

\ Higher Orders

are important



New F, Measurements: New Perspective
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0.5

Updated results soon ...

H1 Preliminary FL

T ® H1 (Prelim.)
— E, = 460, 575, 920 GeV

|

X
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— H1 PDF 2000

--- CTEQ 6.6

-- MSTW
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-0 ybiy ® wnipaw

10

H1 Collaboration and ZEUS Collaboration

(S. Glazov for the collaboration).

Nucl.Phys.Proc.Suppl.191:16-24, 2009.



Comparison of ACOT & TR Schemes
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X

Different schemes [ Different PDFs [1 yet consistent O
Differences reduce at:

1) higher Q,

2) higher order
If experiments are sensitive, time to compute to higher order



Data / Theory
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