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July, 2012 - we spy land

Combined obs.
Exp. for SM H

et
m, (GeV)

ATLAS Preliminary —— Observed CL,
Ho 2705 a1 Expected CL_
JLdt = 4.8 0" | ;"
= <
Vs=7 TeV ==
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2014 and beyond ...

ATLAS Preliminary —— Observed CL,
Ho 220 41 Expected CL,
JLdt = 4.8 1o -f ;G
Vs=7 TeV i
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The Parton Model: Connecting Experiment to Theory 5
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2014 and beyond ...
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2014 and beyond ...
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Ratio to MSTW 2008 NLO (68% C.L.)

The Parton Model: Lots of recent progress
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2010->2012: changes in the PDF luminosities

E4(qq) luminosity at LHC (s =7 TeV)
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improvements
from 2010 to
2012...

...and from NLO
to NNLO

so Higgs PDF
uncertainty under
good control

as uncertainty
still +/-0.002

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118

NNPDF2.3 NNLO
CT10 NNLO
MSTW2008 NNLO

_L
(S

-k

Quark - Antiquark Luminosity
¢ P

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, =0.118

T T T T T T 1T

T T T T T T TT]

B NNPDF2.3 NNLO
- CT10 NNLO
2 MSTW2008 NNLO

-—h
]

-t
—

Wluon - Gluon Luminosity

=]
O m P i
o o fo

J. Huston




PHYSICAL REVIEW D VOLUME 38, NUMBER 11 1 DECEMBER 1988

roduction mechanisms n ini i ne e ider
Product hanisms for nonminimal Higgs bosons at an e *e ~ collide
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We discuss mechanisms for the production of the Higgs bosons of the minimal supersymmetric
model at an e “e ~ collider. In particular, we focus on those Higgs bosons that are predicted to have
zero or weak couplings to vector-boson pairs, and hence cannot be produced by the standard mech-
anisms.

METHOD: Effective W-Approximation:

VW >/ \N\==--. W
W /O ---- L i

+ 3 permutations

/
E




Masses For h, H and A as a Function of H" Mass
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FIG. 6. The cross section for 4° production as a function of
m o at M=50 and 500 GeV. Parameter choices and notation

are the same as in Fig. 4.
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C. Effective y and W distributions and folding

In this section we summarize the effective ¥ and W dis-
tributions in an electron (or positron) which were used to
compute the total cross sections for the above fusion-type
processes in the effective-vector-boson approximation.
This approximation is completely satisfactory for gen-
erating cross sections which will allow us to estimate the
Higgs-boson production rate, and identify the primary
production mechanisms.

We write the elementary coupling between the fer-
mions and the vector boson as WI‘“\P V*, with

1+vs 1—ys
Lu=8rVu | = | T8LVu | (6.28)
The vector-boson distribution functions are'®
2(1l—x)f 2e(2—w) x
sy d 4 2 X _ In | =
Jo=(grt8k) 1672 % o’ e
(6.29)
and
fT=f+1+f—l=(g£+g12i)(hl+h2)’
> X (6.30)
Fa=L o =f =81 =g Wby =) ,
where
(1 _ _ _ 2
= x2 (1 x;(2 w)+(1 a))(3§ w)ln _1_'_
167 W ) €
N LINESIE (6.31)
w X
x —(1—x)2—w) , {. |x
h,= +—=In |— , (6.32)
2 1672 0X(1—w) @’ ;

with 0=x —¢, {=x +¢, €=M} /3, € =€/1(—w), and
My equals My, M., or m, for the W, Z, or v distribu-






What do we really know about Strange PDF 12
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PDF Flavor Differentiation: A difficult problem 13

DIS Production Drell-Yan Jet
Production

Fy ~|ld+s+u+c _ _

2 [_ S+ U+ eri N (%)2_d+3_

FY ~ |[d+5+u+c] N2
+ (5) [ute

Fy = 2|/d+s—u—¢

F. 317 — [u +c — d — g} The DIS combinations have

historically been particularly useful

Different linear combinations — key for flavor differentiation

13
The n-DIS data typically use heavy targets, and this requires the application of nuclear corrections



Nuclear Corrections: Nuclear PDF Uncertainties 14
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Nuclear Corrections: Are they the same for CC and NC Processes 15
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Moriond 2014: Voica Radescu HERA-Fitter

wfizer  Determination of the strange quark at the LHC

Using W+, W-, Z (35/pb) inclusive cross sections - ATLAS & | — w=wo
[PRL 109 (2012) 012001] - kinematic region probed is at x~0.01  1of} = am cm mer
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... what about the

Heavy Quarks

c &b

Extrinsic & Intrinsic



Do all of ¢(x) and b(x) PDFs come from gluons???

18
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Closely tied to gluon
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Heavy Quarks at the Tevatron: vy +c¢ and~y + b

19
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Heavy Quarks at the LHC: New Kinematic Region 20

Jets/ 0.5 GeV
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Compare VFN & FFN Schemes

Resum: a In(m/Q)

Ratio to NNPDF2.3 NNLO, ag = 0.119, Q% = 10* GeV? Ratio to NNPDF2.3 NNLO, ag = 0.119, Q% = 10* GeV?

. NNPDF2.3 VFN

NNPDF2.3 FFN

|

10° 10" 10° 102 10" i 10 10° 102

107

2 _ 2 2
Ax* =XrrN —Xven >0 VEN always yields better fit

Lmin Lmax ?nin (GeV> r2nax (GGV) AX2 (HERA-I) Nclllsga_l
4.107° 1 3 10° 77.1 592
4.-107% | 0.1 3 106 67.8 405
4-107% | 0.01 3 106 17.8 202
4.107° 1 10 108 76.4 537
4.107° 1 100 106 97.7 412
4.107% | 0.1 10 106 67.4 350
4.107% | 0.1 100 106 87.1 227

The NNPDF Collaboration, PLB723 (2013) 330
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ACOT

@ NNLO + N3LO

Stavreva, Olness, Schienbein, Jezo, Kusina,
Kovarik, Yu
arXiv:1203.0282



ACOT Extension to Higher Orders :

LO NLO  N2LO N3LO
N,
/
68

Full ACOT

Based on the Collins-Wilczek-Zee (CWZ) Renormalization Scheme
... hence, extensible to all orders

DGLAP kernels & PDF evolution are pure MS-Bar
Subtractions are MS-Bar

ACOT: m — 0 limit yields MS-Bar
with no finite renormalization

Fred Olness 19 March 2012 LHC Benchmarks Page 5
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Selection of diagrams that contribute at NNLO and N3LO
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F,, @N3LO 20
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Isospin Symmetry used to relate PDFs 25

85 - MRSTQEDO04
[ Q°=1GeV?

Pl'OtOh ' .- ‘ 0{2 ' of4 ' 0{6 ' 018 '

X

A Review of Target Mass Corrections.
Ingo Schienbein et al,
J.Phys.G35:053101,2008.

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

neutron

1\ 2 Isospin terms are
(§) comparable to
NNLO QCD

25
Fast evolution of parton distributions
Stefan Weinzierlar, Xiv:hep-ph/0203112



Final Thoughts



ATLAS SUSY Searches™* - 95% CL Lower Limits

ATLAS Preliminar

Status: SUSY 2013 [L£dt=(46-229)for 5=7,8TeV
Model e T,y Jets ET'™ [Lat[™] Mass limit Reference
T T L] T I T L] L] T L] T T L] I T L] T L] L] L] T
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 q,8 1.7 TeV m(G=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1eu 3-6jets  Yes 20.3 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
«»  MSUGRA/CMSSM 0 7-10jets  Yes 203 |& 1.1 TeV any m(g) 1308.1841
2 53 5-011 0 26jets Yes 203 |a@ 740 GeV m(t9)=0 GeV ATLAS-CONF-2013-047
S g g—-)qu(l) 0 26jets Yes 203 |E 1.3 TeV m(#3)=0 Gev ATLAS-CONF-2013-047
Q@ 28 &-qolt —qqW=E3 1eu 3-6jets Yes 203 |§ 1.18 TeV m(¥3)<200 GeV, m(¥*)=0.5(m(¥3)+m(2)) ATLAS-CONF-2013-062
D gz, Eoqqllitvivw)B 2epu 0-3 jets 2 203 | & 1.12 TeV m(E%)=0GeV ATLAS-CONF-2013-089
Q©  GMSB (£ NLSP) 2e,pu 2-4jets  Yes 4.7 tang<15 1208.4688
K7 GMSB (Z NLSP) 1271 0-2jets  Yes 20.7 tang >18 ATLAS-CONF-2013-026
% GGM (bino NLSP) 2y = Yes 4.8 m(¥9)>50 GeV 1209.0753
£ GGM (wino NLSP) Teu+y g Yes 4.8 m(¥3)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 1b Yes 4.8 m(¥3)>220 GeV 1211.1167
GGM (higgsino NLSP) 2eu(Z) 03jets Yes 5.8 m(FH)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes  10.5 m(g)>10~ eV ATLAS-CONF-2012-147
£g g_>b53?0? 0 3b Yes 201 |& 1.2 TeV m(E2)<600 GeV ATLAS-CONF-2013-061
c,“é g1l 0 7-10jets  Yes 203 |& 1.1 TeV m(¥9) <350 GeV 1308.1841
R gty 0-1eu 3b Yes  20.1 g 1.34 TeV m(¥2)<400 GeV ATLAS-CONF-2013-061
o) Fobit; 0-1e,pu 3b Yes  20.1 g 1.3 TeV m(¥%)<300 GeV ATLAS-CONF-2013-061
biby, b1—>b’q 0 2b Yes  20.1 b, 100-620 GeV m(¥9)<90 GeV 1308.2631
wc b1 by, by —thy 2e,u(SS) 03b Yes 20.7 by 275-430 GeV m(¥i)=2 m(¥?) ATLAS-CONF-2013-007
=.0  fi(light), 7—b¥T 1-2e,u 1-2b  Yes 47 |u 11 m(F2)=55 GeV 1208.4305, 1209.2102
“§ O % F(light), t1—>Wb’(1 2e,u 0-2jets  Yes 20.3 f 130-220 GeV m(E%) =m(%)-m(W)-50 GeV, m(f;)<<m(¥5) | ATLAS-CONF-2013-048
g~§ &8y (medium), £ -t} 2equ  2jets  Yes 203 | 225525 GeV m(¥2)=0 GeV ATLAS-CONF-2013-065
= ’a_ 1 (medium), L —biT 0 2b Yes 20.1 f 150-580 GeV m(¥2)<200 GeV, m(¥i)-m(¥})=5 GeV 1308.2631
O hh(heavy) h—th Teu 1b Yes 207 |% 200-610 GeV m(#9)=0 GeV ATLAS-CONF-2013-037
5 o i tl(heavy) ) —th] 0 2b Yes 205 |% 320-660 GeV m(E?)=0 GeV ATLAS-CONF-2013-024
»T hi, hodh 0 mono-jet/ctagYes 203 | 90-200 GeV m(h )- m(¥3)<85 GeV ATLAS-CONF-2013-068
#, t1 (natural GMSB) 2e,u(2) 1b Yes 20.7 t 500 GeV (/? )>150 GeV ATLAS-CONF-2013-025
b, hot + 27 3e u(Z) 1b Yes  20.7 t 271-520 GeV m(t)=m(¥)+180 GeV ATLAS-CONF-2013-025
t’L ROLR, 7 et 2ep 0 Yes 203 |7 85-315 GeV mm) =0GeV ATLAS-CONF-2013-049
) )flf’rl ,y+—>€v(€v) 2ep 0 Yes  20.3 )g 125-450 GeV m(Xl) =0GeV, m(Z, ) (m(/\’f)+m()(1)) ATLAS-CONF-2013-049
=3 T ] (i) 27 - Yes 207 | 180-330 GeV m(F2)=0 GeV, m(7, /~0.5(m(;)+m(¥) ATLAS-CONF-2013-028
W X1X8—+€Lv€&€(w) 58 () 3eu 0 Yes 207 [BEE :“ 600 GeV mE;)=m(¥3), m(¥)=0, m(? )= (m@v1 )+m(EY)) ATLAS-CONF-2013-035
X1X8—>WX Z)(& 3epu 0 Yes  20.7 xfxa 315 GeV mET)=m(3), m(X1)= sleptons decoupled | ATLAS-CONF-2013-035
XiXa>WIIhi] 1ep 2b Yes  20.3 | XA 285 GeV m(¥;)=m(¥3), m(t?)=0, sleptons decoupled | ATLAS-CONF-2013-093
"8 & Direct ¥; 1 prod., long-lived ¥ Disapp. trk 1 jet Yes 203 | & 270 GeV m(F5)-m(¥3)=160 MeV, r(¥7)=0.2 ns ATLAS-CONF-2013-069
= % Stable, stopped & R hadron 0 1-5jets  Yes  22.9 g 832 GeV m(¥3)=100 GeV, 10 us<r(&)<1000 s ATLAS-CONF-2013-057
SE GMSB, stable 7, 11 —#(3, f)+t(e p) 121 - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
§ 8 GMSB. ¥3—)C. long-lived 13 2y - Yes 47 0.4<r(¥)<2 ns 1304.6310
=l g, X?—)qqp (RPV) 1 p, displ. vix = = 203 |a 1.0 TeV 1.5 <cT<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥: + X, ¥r—e +pu 2eu . : 46 431,=0.10, 4132=0.05 1212.1272
LFV pp—v. + X, vr—e(u) + 7 leu+t < - 4.6 A41,=0.10, A4(2)33=0.05 1212.1272
= B_|}_|near EPV CMSSM 1epu 7 jets Yes 4.7 m(g)=m(g), ctysp<1 mm ATLAS-CONF-2012-140
%._. o, ¥ —>WX1 Xl—)eev#, euv. 4epu 7 Yes 207 X 760 GeV mm)>3oo GeV, 1121>0 ATLAS-CONF-2013-036
XX, X W =117, etir 3@U+T 2 Yes 207 | X 350 GeV m(X1)>80 GeV, 413350 ATLAS-CONF-2013-036
E—qqq 0 6-7 jets 2 20.3 g 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—ht, i—bs 2e,u(SS) 03b Yes  20.7 g 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets i 4.6 incl. limit from 1110.2693 1210.4826
g Scalar gluon pair, sgluon—tt 2 e, u(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
5 WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147
L I L L L L L L L
Vs=8TeV 10-1 1
full data Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.



... what keep me awake at night ...
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Happy Higgs Hunting!!!
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