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PDF UNCERTAINTIES AND NEW PHYSICS: TEVATRON
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NEW PHYSICS SEARCHES AT THE LHC
THE DRELL-YAN FORWARD-BACKWARD ASYMMETRY
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e TH: ASYMMMETRY SENSITIVE TO CHIRAL BSM COUPLINGS
o EEXP: SEVERAL SYSTEMATICS CANCEL IN RATIO



THE DRELL-YAN FORWARD-BACKWARD ASYMMETRY
CMS BSM SEARCH
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ANATOMY OF THE ASYMMETRY

® SCATTERING ANGLE IN THE PARTONIC CM FRAME < LEPTON KINEMATICS

+ . —
pe pe pe pe—

_ 2 2
el \/mee‘+pT,£Z

(Collins-Soper frame): cos6 = ,pT = p0 4 p3

e MEASURE cos 0* = sign(y,7) cos§: W.R. DIRECTION OF Z

e AT LO = DIRECTION OF PARTON WITH LARGEST x
LO CROSS-SECTION
d3o Ta?

drm, - dy,y dcos 0 I — (1 +0032(9*))qu'CS,q(meZayeZ) + cos 0” ZAQLA,q(mM—, Yer)
02 AYgp 17, » 7

PARTON LUMINOSITIES

w1 = L exp(yy) . 2 = “A exp(—ypp); w172 = ~ A
2SYlV[METRI% 5 5
Ls,q(myz, yeg) = fa(w1,myp) fa(zz, miy) + fq(w2, myp) fa(zi, my;)

ANTISYMMETRIC
L a,q(myz,yep) = sign(y,p) [fq(fm,m?g)fq(wmmﬁg) - fQ($2am§g)fQ(xlam§g ]

e AXIAL COUPLING = LINEAR cos § DEPENDENCE
e Ap, < ASYMMETRIC PARTON LUMINOSITY



QUALITATIVE BEHAVIOR: NLO vs. LO
LO INTEGRATED RESULT (HIGH MASS)
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QUALITATIVE BEHAVIOR:
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QUALITATIVE BEHAVIOR:
EXISTING PDF SETS

e DOMINANT CONTRIBUTION = up AND down QUARKS, ANTIQUARKS
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x RANGES & PDF SETS
UP DOWN ANTIUP ANTIDOWN

0.25 025 0.25
= DF
me = 5.0 TeV NNPDF4.0
16
.20 0201 ABMP16 020
H == CT18
— P I T R ] MSHT20 —
20051 2015+ 20151
5 5 5
=010+ =010 = 0.10F
= = =
0.05 0.05 0.05
0.00F i . . . 000 i : 0.00
01 02 03 04 05 06 07 08 03 04 05 06 07 08 01 02 03 04 05 06 07 08 0.1 02 03 04 05 06 07 08
18 16 1.6
\
1.6 o LA
[
{ 12
14 [
5 \\ Z 10
Es 12+ — S5
= |-
t_ = 0.8
5510 — ook
08 = 0.8 E 04
7 02
0.6 B 0.6F T 2 E
Il Il Il Il L L Il Il Il Il 1 0.0
01 02 03 04 05 06 07 08 01 02 03 04 05 06 07 08
05
0.14 —— NNPDF4.0
e
0.12 04k ABMP16
— = CTI8 5
05+ 4
o~ = e MSHT20
= S 03F Soab i
=< 0.08 >~ =0
b = = osk &
= 0.06 S 02 = o
0.04 0.2 7
0.1
0.02 01F 4
0.00 L y y : Y 00T y y L x 0.0 v 0.0
01 02 03 04 05 06 07 08 01 02 03 05 06 07 08 01 02 03 04 05 06 07 08 0.8
r x T X

e M < 3 TEV = DATA REGION, ALL PDF SETS AGREE
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CT, MSHT, ABMP PARAMETRIZATION: f(z) = (1 — x)” g(x); NNPDF NEURAL NETWORK
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WHAT’S GOING ON?
THE EFFECTIVE COUPLINGRECALL Ag,(cos 6*)
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THE FORWARD-BACKWARD ASYMMETRY

ANGULAR DISTRIBUTION
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THE FORWARD-BACKWARD ASYMMETRY

My > 5TEV
ANGULAR DISTRIBUTION FORWARD-BACKWARD ASYMMETRY
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SUMMARY

PDFS LARGELY UNCONSTRAINED IN THE HIGH-MASS DISCOVERY REGION

FIXED-PARAMETRIZATION PDFS OVERLY RESTRICTIVE:
— OVER-CONSTRAINED EXTRAPOLATION

— UNDER-ESTIMATED UNCERTAINTIES
FLEXIBLE PARAMETRIZATION REQUIRED FOR RELIABLE RESULTS

FUTURE DRELL-YAN MEASUREMENTS IMPORTANT IN ORDER TO CONSTRAIN

PDFs
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UNCERTAINTIES: NNPDF4.0

Relative uncertainty for gg-luminosity Relative uncertainty for qg-luminosity Relative uncertainty for ud-luminosity
NNPDF4.0 (NNLO) - v's = 14000.0 GeV NNPDF4.0 (NNLO) - v's = 14000.0 GeV NNPDF4.0 (NNLO) - V'S =14000.0 GeV
10% 4 50 10% 4 50 50
25 3 25 3 25 3
> > >
103 £ £ <
> e s s > 10 8
= S = 5 = 5
s 5 o = 5 o = 5 9]
> > >
10? 2 2 2
] © K]
o o o
1
10t 1 1
-2 0
y y y
Relative uncertainty for gg-luminosity Relative uncertainty for qg-luminosity Relative uncertainty for da-luminosity
NNPDF4.0 (NNLO) - v's = 14000.0 GeV NNPDF4.0 (NNLO) - v's = 14000.0 GeV NNPDF4.0 (NNLO) - Vs = 14000.0 GeV
10% 4 50 10% 4 50 1044 50
255 255 55
> > >
103 5 < 102 { < 103 4 £
s> g > 0 > 108
8 g 8 g & g
< S < 5 < S
= 5 [ = 5 ) = 5 o
> > >
102 ] 102 ] 102 ]
9] ] ©
o o o
1 1
10! 10! 10! 1
-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
y y y

e TYPICAL UNCERTAINTIES IN DATA REGION: SINGLET ~ 1%, NONSINGLET ~ 2 — 3%

e DATA REGION: 10 S Mx <3-10° TEV, -4 Sy <4



0.6

.......................... ~g-----=H N |
8 /. __ ././ |
EY 1 : .
S “.‘.‘J. ._ o ﬂ/ ._,2
B éo iRl _
.. Pl /__ Do J i
X > | \ | e /
Om _ __ S R R R == ! L~ _ _ \L
= g s 2223 2 2 3% 32 o 2 & & 3 2 8
<= /(o) O /(Cpe)
m & Wuu m L Ll e LA LA L L
U o0
e e
=
A
A
Z.
—

NNPDF4.0, my; = 5 TeV

0.4

0.2

P b oo bwnee s b 'R (T
- =) — ™ ™ < 0 o
(an) o | | | | | (=]
— — o (an) (e (] (an) —
— — — — —

(us'z) Mz



PDF LuMiIs

INDIVIDUAL FLAVORS (M7 =5 TEV)

SYMMETRIC
To = ng/(mls) Ty = mzz/(xls)
0.35 0.30 0.25 0.20 0.15 ) 20.35 0.30 0.25 0.20 0.15
| | | | I 20 T T T —
Myp = 5 TeV up ,:
——————————————— NNPDF4.0 LOF -~ down S
3 ~~ - o
S 0 Z .8k — '~ strange N g
g -..-..-..—..—..—..—..'..‘..'..‘..‘._‘__"__—_—._~ .
R —— N )
1075 P It M
Q === down ‘~\\
=== strange N
....... Charm
10-7 | | | | | 0.0 | | | | |
0.4 0.5 0.6 0.7 0.8 0.9 ' 0.4 0.5 0.6 0.7 0.8 0.9
ol Ty
ANTISYMMETRIC
xy = m;/(x15) xy = m;/(x15)
0.35 0.30 0.25 0.20 0.15 0.35 0.30 0.25 0.20 0.15
T T T T T T T T T T
0.003 | M =5 TeV uwp 0.0008 |- uwp
NNPDF4.0 === down RN -== down
— “N\
S 0.002f ©7 strange 00006 S - T strange _
g > ’ \\
- - / ~
— < 1 \\
Z 0001 L 0.0004 /, A _
S) o 1, \\
Cf y \
0.000 0.0002 AN -
\\\\
—0.001F | | | | | ] P N R [~ = — e o=
0.4 0.5 0.6 0.7 0.8 0.9 0.0000 0.4 0.5 0.6 0.7 0.8 0.9



ANTISYMMETRIC PDF LUMIS

COMPARING PDF SETS (M7 =5 TEV)
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