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... part 1: Precision PDFs

LHC: Stage 1: High Energy

Use increased ENERGY REACH (2=8=13 TeV)

to search for new particles

e.g., Higgs Boson discovery
SUSY & Exotic limits
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ATLAS SUSY Searches* - 95% CL Lower Limits
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ATLAS Preliminary

Status: SUSY 2013 [L£dt=(46-229)b V5=7,8TeV
Model e Ty Jets ET™ [ratm] Mass limit Reference
T
MSUGRA/GMSSM 0 26jels  Yes 203 |a@E 17TV m(@=m(@) ATLAS GONF-2013.047
MSUGRA/CMSSM feu  3Bjels  Yes 203 |& 1.2TeV any mia) ATLAS-CONF-2013.062
MSUGRAICMSSM 0 70jets Yes 203 |& 11Tev any mi@) 1308.1841
% Goats 0 26jets  Yes 203 |& 740 GeV mﬁ*}»:n GeV. ATLAS-CONF-2013-047
gﬂqq;" 0 26jets  Yes 203 |& 1.3TeV mkiln—(l GeV ATLAS-CONF-2013-047
8 22 2-qqli aqWiT; len Yes 203 |& 118 TeV m(E)<200 GeV, m(F*)=0.5(m(¥3) +m(z)) ATLAS-CONF-2013-062
2 ég g*‘qq({//l\/wyh 2ep - 203 |8 112TeV miE})=0Gev ATLAS-CONF-2013-089
2 GMSB(IN 2ep Yes 47 tang<15
% | cvee (& NLSP} 121 O02jels Yes 207 tang >18 ATLAS-CONF-2013-026
§ GGM (bino NLSP) 2y : Yes 48 m()>50GeV 1200.0753
£ GGM (wino NLSP) Tepu+y Yes 4.8 m(i3)>50GeV ATLAS-CONF-2012-144.
GGM (higgsino-bino NLSP) E 1b Yes 4.8 m(i3)>220GeV 1211.1167
GGM (higgsino NLSP) 2eu(2) 0djets Yes 58 m(H)>200Gev ATLAS.CONF-2012-152
Gravitino LSP 0 monojet Yes 105 m(g)>10 oV ATLAS.CONF-2012-147
T gﬁbbxa‘ 0 36 Yes 201 |& 1.2TeV m(i)<600 GeV ATLAS-CONF-2013-061
u.g oty 0 7-10jets  Yes 203 |& 11 TeV m(¥3) <350GeV
Ty Bt Otep b Yes 201 |§ 1.3 TeV mi¥])<400GeV ATLAS-CONF-2013-061
- FobEl, 0-1en 3b Yes 201 |& 1.3TeV m(¥})<300GeV. ATLAS-CONF-2013-061
biby, bi—obf} 0 26 Yes 201 [ 100-620 GeV. m(i})<90 Gev 1308.2631
= - 2eu(SS) 03b Yes 207 b 275430 GeV. X ATLAS-CONF-2013-007
% fhi(light), fi—b¥i 12ep 12b  Yes 47 | 1 1208.4305, 1209.2102
S8 fight), fi—WbF], 2eu  O2jels Yes 203 @ 130-220 GeV. ATLAS-CONF-2013.048
i Fy(medium), zﬁa{x 2en 2jets  Yes 203 [& 225525 GeV/ ATLAS-CONF-2013-065
& Tty (medium), £ —>bF1 [ 2b Yes 204 |E 150-580 GeV. ¥
85 hhiheaw) hi-thy Tewu 1b Yes 207 |G 200-610 GeV ATLAS-CONF-2013-037
g :, z, (heavy)‘ Aoth 0 2b  Yes 205 @ 320-660 GeV ATLAS.CONF-2013-024
B ii.6 0 monodevclagYes 203 | 90-200 GeV ATLAS-CONF-2013.068
Bt inatura Gviss) 2e,u(2) es 207 |& 500 GeV. ATLAS-CONF-2013.025
B, boh + 2 3eu(2 16 Yes 207 | 271-520 GeV ATLAS CONF-2013-025
1\?,11l s 2en 0 Yes 203 |7 85315 GeV. m()=0Gev ATLAS-CONF-2013-049
\a[v([\r) 2ep 0 Yes 203 | 125-450 GeV' mw’».a Gev mu ATLAS-CONF-2013-049
27 Yes 207 | 180-330 GeV/ ATLAS-CONF-2013.028
Sen [ Yos 207 |B@ 600 GeV/ ATLAS-CONF-2013-035
Jen 0 Yes 207 |EB 315 GeV. ATLAS-CONF-2013-035
e 26 Yes 203 | 285 GeV. e m(m m(E2)-0, sleptons decoupled | ATLAS-CONF-2013-093
B @ Direct 1 i prod. long-ived i DRt iMoo % 270 GeV m(E)-m(i)=160 Mev, 1(F1)=02 s ARG G500
2 g Stable, sioweﬁ & R-hadron 15jets  Yes 229 |& 832 GeV )= 10 3
‘E“ £ )se(en) 1 2y - - 15.9 10<tanB<50 ATLASCONF zm: 058
S8 awse B3, ongived i Yes 47 Oacr(i)2ns
=1 45,72 >qqu (RPV) 1u, d\sn! vix - 203 |a& 1.0 TeV. 1.5 <cr<156 mm, BR(x)=1, m(%)=108GeV | ATLAS conr zm 002
LV pp¥ + X, Frove + 1 2eu 46 =010, 1;3,=0.05 1212.1272
LFV pp—¥r + X, Vroe(u) +1  lepu+t = # 46 A53,=0.10, 4y(2)33=0.05 12121272
> Biinear APV CISSM teu  Tiets  Yes 47 [ mxa)-mm crisp<tmm ATLAS-GONF-2012-140
& R W Vet e den s Yes 207 |& 760 GeV. mw:baoocev Li>0 ATLAS.CONF-2013.036
) W, i erv, BemtT Yes 207 x% 350 GeV. m(E)>80 GeV, 4y ATLAS-CONF-2013-036.
&-999 0 B 916 GeV. SAaR R0 ATLAS-CONF-2013.091
g-ht hiobs 2eu(SS) 03b  Yes 207 |& 880 GeV. ATLAS-CONF-2013-007
0 Scalar gluon pafr, sgluon—qg 0 4jets 46 | sauon [ 100:287GaV] incl limitfrom 1110.2693
8 scalarglonpai sgion—ti  2eu(SS)  1b  Yes 143 ATLAS-CONF-2013.051
S WIMP interaction (DS, Dirac x) 0 monojet Yes 105 M()<80 GeV, it of<687 GeV for DB ATLAS.CONF-2012-147
I i
Vi=8TeV =1
- full data 10 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1c- theoretical signal cross section uncertainty.
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LHC: Stage 2: High Precision

Enter LHeC: provides important complement to LHC:

Use increased INTENSITY (stats + upgrades) for improved precision
-- this allows us to probe new physics beyond the machine energy

e.g., as TevatrontHERA did for Higgs/SUSY/exotics searches
Note: HERA essential for PDFs at both Tevatron and LHC
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... part 2: Precision QCD

Make use of LHeC to probe kinematic “corners” to look at QCD under extreme conditions:

Small-x:
saturation, BFLK, [n(1/x)

Large-x:
TMC,
Higher-Twist,
fermi motion

Low Q:
Strong coupling
Non-perturbative effects

TMD PDFs:

Soft gluon resummation
(now in HERA-Fitter)

Heavy Quarks:
Multi-scale 1ssues

Nuclear Dimension:
Nuclear Corrections
High Temperature
QGP, deconfinement

QED Corrections:
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Nuclear Correction: w g

7w, @)
Comparisons:
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Large uncertainties,
especially when compared to proton
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PDF Flavor Differentiation: A difficult problem 8

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

: : : C. . 8
The n-DIS data typically use heavy targets, and this requires the application of nuclear corrections
see next talk: - Heavy lon Physics in e-A and p/A-A, Nestor Armesto Perez



Isospin Symmetry Violation, Higher Twist, Nuclear Corrections ... 9
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Kinematic Reach of LheC: Extremes of QCD 10
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Atlas and CMS
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The Parton Model: Connecting Experiment to Theory 11

OPy—>C — fP—)a X an—w

Experimental
Observables
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