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Outline

@ Tensions in SUSY vs dark matter experiments
WMAP, PAMELA, EGRET, FERMI-LAT, CDMSII, XENON100, COGENT,
DAMA-LIBRA, - - -

@ Resolution needs extensions of the standard dark matter as .
To resolve tensions consider two proposals

o U(1)™ hidden sector extension of SUGRA models
e Multicomponent visible sector + hidden sector dark matter in
SUGRA models

@ Dark matter - LHC connection

o Early SUSY discovery at the LHC at /s = 7 TeV with 1fb—!
of data.




Dark matter experiments

@ WMAP CDM relic density: Qcparh? ~ .1.

@ Positron flux (PAMELA)

© Anti-proton flux (PAMELA, CAPRICE, BESS)

© Photon flux (EGRET, FERMI-LAT)

©@ CDMS Il and XENON100 limits

O COGENT: Excess in the DAMA-LIBRA sensitive region

There are significant tensions among these results if one wants to
understand them within a single theoretical scheme.




Pamela Positron Excess

Difficult to explain Pamela results in the conventional SUSY
models. However, there are many possibilities to explain Pamela.

@ Astrophysical origin: The signal could be of astrophysical
origin such as from pulsars.

@ Particle physics models: It is interesting to investigate particle
physics models which could explain this phenomenon.

e Pamela excess a signal from the hidden sector. Dark matter
resides in the hidden sector but it can annihilate into the SM
particles.

e SUSY model with neutralino as dark matter but with an

extended hidden sector.
e Multicomponent SUSY dark matter consisting of Majorana

and Dirac particles as dark matter.
e Others - - -




Positron Excess vs WMAP

The basic issue: one needs

< ov >~ 10"%%cm®/s positron excess

< ov >~ 107%%cm?® /s  relic density

Various possibilities for resolution
@ Breit -Wigner pole enhancement of < ov > in the galaxy
Feldman, Liu, PN, Phys. Rev. D 79, 063509 (2009) arXiv:0810.5762 .

@ The boost from coannihilation B<, of the neutralino in the
visible sector with gauginos and higgsinos in the hidden sector
to enhance the relic density.

Feldman, Liu, PN, Nelson, Phys. Rev. D 80, 075001 (2009), arXiv:0907.5392.

@ Sommerfeld enhancement
@ Non-thermal processes to enhance relic density.
@ Others - .-




Enhancement of annihilation cross section in the galaxy

Feldman, Liu, PN, PRD 79, 063509 (2009)
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Explaining PAMELA excess in SUSY

Positron Flux from neutralino annihilation
Turner and Wilczek (1990)

O+ o WTW T, WT > et

Need < ov >~ 10~24cm3 /s for positron excess but this
underproduces the relic density by a factor of about 50-100 below
the desired value since

Qh? x 1// <ov >z ’dr, ©=m,o/T.

Need < ov >~ 10726em? /s for relic density consistent with
WMAP.




Hidden Sector Probes

Vasible Connector sector is an Hidden
Sector ) Sector
(3)e X SU(2)1 axion U™

XUy

Stueckelberg mechanism: Kors, PN




Stueckelberg from couplings to 2-form tensor

1 1 m
Lo = —BH’“"’H,WP — ZFW/F’W + Ze“”p"Fw,Bpa

F,, =0,A, —0,A,, H,,, = 0,B,,+ 0,B,, + 0,B,,..
We can write L in an alternative form

1 1 m
L]_ = —EHM pH/J,Vp — ZF“ F[,l,l/ — EE“ P (HIJ'VPAO' —I- O'aHHUpo-)

We can recover L by integrating over o which gives
d°H =0
and intserting it back in Lq gives L. Instead suppose we solve for H
H"YP = —metP9 (Ay + 050)
Insertion back in L, gives

1 m? 0
L2 = _ZF“VFF"V — T(Ao- —I— 80-0')




Hidden sector: U(1) Stueckelberg extension of the SM which communicates with the

SM via a connector sector which is an axion which transforms dually under U(1)y
and U(1)x. B. Kors, PN, PLB 586, 2004, Feldman, Liu, PN (2006)

1
Ly = —5(8M + M;C, + M>B,,)?

Invariant under

Vector boson mass matrix

M? M; My 0
M M, ]\422 + %9%02 —%gygzvz , €= Msy/M;
0 —jovg® 330




Constraints on Stueckelberg Z’ boson from DO
1008.2023 [hep-ex]|, August 11, 2010
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A Stueckelberg 7’ if seen would most likely be an indicator of an

underlying string physics

Feldman, Liu, PN
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Differential cross section do/dmy; as a function of the invariant mass my of the charged

lepton pair for three different values of the compactified dimension Mp. For comparison the analysis

for the SM case is also shown.




The U (1)™ extended SUGRA model
Kors, PN, JHEP 0412:005,2004

L = Lvssm + Ly@yn + AL

2
Ng [Ny
AL = /d29d26 > |12 MimVi+ (Bm 4+ Bm) |
m=1 |[l=1

where V. = {B, X, X/, X’ ...} are vector supermultiplets which include the
hypercharge gauge multiplet B, and ®,,, are a collection of chiral supermultiplets and

(Ns, Ny > Ng) are the number of (axions,vectors). The neutralino sector is
(4 4+ 2n) dimensional.

[x] — [Mi]2nx2n | [M2]2nxa
M ( Mz2]3y 2, | [MMssmlaxa

The off diagonal terms are typically of size e = M2 /M; << 1.
Tests in the EW region: Feldman, Liu, PN (2006)




Boost via Neutralino Coannihilations (B¢,) with a U(1)™
hidden gauge sector in extended SUGRA
Feldman, Liu, PN, Nelson, PRD 80, 075001 (2009)

Neutralino coannihilations with the hidden sector produce an effective enhancement of
the relic density by a factor Bc,o

— (Qx hz)obser'ved
(2xh?)Mssm

dp (dy) are the number of degrees of freedom degenerate with the neutralino in the
hidden (visible) sectors.

BCo

~ 1+ —

® Pure Wino Model (PWM): mi ~ m 0, dv = 6, di, = 2nX2

Boo = (14 2m)? =9 [for U(1)?)

@ Higgsino - Wino Model (PWM): mgct and m, 0 are split, dy = 2, dp, = 2nx2

Bco = (14 2n)? =49 [for U(1)3]




Monochromatic Sources

Figure: Neutralino annihilation into 2~ and similar diagrams for vZ. Bern etal;
Bergstrom etal.

PWM produces stronger monochromatic sources than HWM and provides a
distinguishing feature between the PWM and HWM.

Monochromatic sources from PWM

PWM : (a"v)ivloc’p = 2.0 X 10727 cm? /s.

PWM : (o"v)izloor’ = 1.3 X 10726 cm? /s.

Monochromatic sources from HWM

HWM : (av),ly,yloc’p = 1.6 X 107 2% cm?® /s,

HWM : (o"v),lyZIOOP = 1.0 X 10727 cm?3 /s,




FERMI-LAT results on vy and vZ

E, 95%CLUL (oV)~~ [¥Z] (10727 cm3s—1) T~ [vZ] (1
(GeV) || (1072 cm—2s—1) | NFW Einasto Isothermal NFW Einasto
30 35 0.3 [2.6] 02[19] 05 [45] 176[4.2] | 178 [4.2
40 45 07[42] 05[3.0] 1.2[7.2] 10.1 [2.9] | 10.3 [2.9
50 2.4 0.6 [2.7] 0.4[1.9] 1.0 [4.6] 15.5 [5.0] | 15.7 [5.1
60 3.1 1.1[42] 0.8[3.0] 1.8[7.3] 9.8 [3.5] | 10.0 [3.5
70 1.2 0.6 [2.0] 0.4[1.4] 1.0 [3.4] 21.6 [8.2] | 21.9 [8.3
80 0.9 05([1.7] 0.4[12] 0.9[2.9] 26.0 [10.4] | 26.4 [10.
90 2.6 2.0 [6.0] 1.5[4.3] 3.5[10.3] 77[3.2] | 7.8 [3.2]
100 1.4 1.4 [3.8] 1.0[2.8] 2.416.6] 12.6 [5.4] | 12.8[5.4
110 0.9 1.0 [2.7] 0.7[1.9 1.7 [4.6] 18.9 [8.2] | 19.2 [8.3
120 1.1 1.6 [40] 1.1[29 2.7[6.9] 13.3 [5.9] | 13.5 [6.0
130 1.8 30[7.3] 2.1[5.3] 5.1[12.6] 76 [3.4] | 7.8[3.5]
140 1.9 35([8.4] 25[6.0] 6.0[14.3] 70([3.2] | 7.1[3.3]
150 1.6 35([82] 25[59] 6.0[14.1] 75 [3.5] | 7.6 [3.5]
160 1.1 2.7[6.3] 2.0[45] 4.7[109] | 10.2[4.8] | 10.4 [4.8
170 0.6 1.7[40] 13[2.9] 3.0[6.8] 17.0 [8.0] | 17.2 [8.1
180 0.9 27[6.1] 1.9[44] 4.6([104] | 11.6[5.5 | 11.8[5.6
190 0.9 3271 2351 55[12.2] | 10.4[4.9] | 105 [5.0
200 0.9 33 (73] 2452 57[125 | 10651 | 10.8[5.1

Flux, annihilation cross-section upper limits, and decay lifetime lower limits:
Abdo et.al., PRL 104, 091302 (2010), arXiv:1001.4836[Astro—ph.HE].
HWM: (.16, 1.0) safe

PWM: (2, 13) near the edge .




Dark Matter - LHC Connection
Gaugino -Higgsino Content of the Neutralino and LHC
Signatures

The signatures at the LHC will be dependent on the gaugino vs higgsino content of
the neutralino. Thus the neutralino wave function can be expanded as

X = aAp + BAw + vhi1 + Sho

For illustration we consider two models.

@ Model 1: As the first example we consider the mixed Higgino-Wino model
(HWM) which has a substantial higgsino component.

@ Model 2: As the second example we consider the pure Wino model (PWM)
where the neutralino is almost 100% wino. Models of this type arise in anomaly
mediated breaking. One characteristic of such models is that the lighter
chargino and the neutralino are essentially degenerate m o+ ~ m,o.

1

These models lead to distinguishable signatures at the LHC.




Effective mass distribution

Feldman, Liu, PN, Nelson, PRD D 80, 075001 (2009)
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M ¢ s is defined as the scalar sum of the transverse momenta of four hardest jets

oo

Pr > (200,150, 50,50) GeV in the event plus missing energy (E*$% > 200
GeV).The plot is of events for the Higgsino-Wino model (for 5fb—?1 yellow) and for
Pure Wino model (100 fb—1 blue).




Hints for SUSY

@ LEP data on gauge couplings: unification with low lying sparticles can be

achieved.

p

@ A significant deviation of (a;, P — aﬁM) for the muon anomalous magnetic

moment.

Recent analyses hint at a deviation between (3 — 4)o away from the standard
model prediction and the largest discrepany claimed is

at™® —ai™M = +31.6(7.9) x 10710

T. Teubner, K. Hagiwara, R. Liao, A. D. Martin and D. Nomura, arXiv:1001.5401 [hep-ph]

M. Passera, W. J. Marciano and A. Sirlin, arXiv:1001.4528 [hep-ph].

A significant correction points to low lying sparticles in SUSY

T. C. Yuan, R. L. Arnowitt, A. H. Chamseddine and P.N., Z. Phys. C 26, 407 (1984); D. A. Kosower,
L. M. Krauss and N. Sakai, Phys. Lett. B 133, 305 (1983).

@ A hint of deviation from the SM value of BR(b — s7).




The Hint from b — s~
Chen, Feldman, Liu, PN: Phys. Lett. B 685, 174 (2010), arXiv:0911.0217
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@ The experimental value of b — s+ given by the Heavy Flavor Averaging Group
(HFAG) along with BABAR, Belle, and CLEO experiments give

BR(b — sv) = (3.52 + .23 +.09) x 104

@ The SM value including NNLO corrections is
B(b — sv) = (3.15 £+ .23) x 10™%

The SM value lies lower than the HFAG value. The result implies a low lying
charged Higgs which gives a positive contribution (JoAnn Hewett (1993)).

@ If there is a significant cancellation between the charged Higgs and the chargino
loops, then the chargino and stop must also be relatively light and thus a good
chance of seeing one or more of the sparticles in the early runs at the LHC.
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Early SUSY Discovery

Baer, Barger, Lessa, Tata, JHEP 1006, 102 (2010)
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Altunkaynak, Holmes, PN, Nelson, Peim
arXiv: 1008.3423 [hep-ph]
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Altunkaynak, Holmes, PN, Nelson, Peim

arXiv: 1008.3423 [hep-ph] 13
VII. TABLES
A Display of Signatures/Cuts Used in Early Discovery Analysis at the LHC at /s = 7 TeV
Signature Name Description of Cut
1 MET only n(f) =0 pr (j1) < 20 GeV
2 mono-jets n() =0 pr(j1) = 100 GeV, pr(jz2) < 20 GeV
3 | multi-jets200 n(€) =0 pr(d1) = 200 GeV, pr(j2) > 150 GeV, pr(ja) > 50 GeV
4| multi-jets100 n(f) =0 pr(j1) > 100 GeV, pr(jz) > 80 GeV, pr(ja) > 40 GeV
5 | hard-jets500 n(f) =0 pr(j2) = 500 GeV
6 hard-jets350 n) =0 pr(j2) > 350 GeV
7 | multi-bjetsl n(f) =0, n(b) > 1
8 multi-bjets2 n(€) =0, n(b) > 2
9 multi-bjets3 n(¢) =0, n(b) > 3
10 H7500 n(l) +n(j) > 4 pr(1) =100 GeV , 3% pr(i) + F4 > 500 GeV
11 Hr400 n(l) +n(j) >4 pr(l) > 100 GeV , 3°7_ pr (i) + Er > 400 GeV
12| 1-leptonl00 n¥) =1 pr(€1) > 20 GeV, pr(j1) = 100 GeV, pr(j2) = 50 GeV
13 1-lepton40 n(f) =1 pr(li) > 20 GeV, pr(jz2) > 40 GeV
14| OS-dileptons100| n(fT) =n(~) =1 | pr(£2) > 20 GeV, pr(j1) > 100 GeV, pr(j2) > 50 GeV
15| OS-dileptons40 | n(¢(t) =n(") =1 pr(£2) > 20 GeV, pr(j2) > 40 GeV
16| SS-dileptons100 | n(£* | £7) = n(f) = 2 | pr(£2) > 20 GeV, pr(j1) > 100 GeV, pr(j2) > 50 GeV
17| SS-dileptons40 | n(¢* [ £7) = n(f) = 2 pr(£2) > 20 GeV, pr(j2) > 40 GeV
18| 3-leptons100 n(f) =3 pr(ls) > 20 GeV, pr(j1) > 100 GeV, pr(j2) > 50 GeV
19| 3-leptons40 n(f) =3 pr(ls) > 20 GeV, pr(jz2) = 40 GeV
20 4% -leptons n(f) >4 pr(la) > 20 GeV, pr(jz) > 40 GeV
21 1-taul00 n(r)=1 pr(7m1) = 20 GeV, pr(j1) = 100 GeV, pr(j2) = 50 GeV
22 1-tau40 n(r)=1 pr(m1) > 20 GeV, pr(jz2) > 40 GeV
23| OS-ditaus100 n(tT) =n(r7) =1 | pr(mr) > 20 GeV, pr(j1) > 100 GeV, pr(j2) > 50 GeV
24| OS-ditaus40 n(rH) =n(r")=1 pr(m2) > 20 GeV, pr(j2) > 40 GeV
25| SS-ditaus100 |[n(r"|77) = n(r) = 2| pr(m=2) > 20 GeV, pr(j1) > 100 GeV, pr(j2) > 50 GeV
26| SS-ditaus40 |n(rt|77) =n(r) =2 pr(7m2) > 20 GeV, pr(j2) > 40 GeV
27 3*T-taus100 n(t) >3 pr(r3) > 20 GeV, pr(j1) > 100 GeV, pr(j2) > 50 GeV
28 31 -taus40 n(t) >3 pr(7a) > 20 GeV, pr(j2) > 40 GeV
29 1T-photon n(y) > 1 pr(j2) > 40 GeV
TABLE II: List of signatures and cuts used in the early discovery analysis. Our notation is as follows: ¢ = e, pu, n(x) is

the number of object z in the event, and pr(x,) is the transverse momentum of the n'" hardest object . We required

Fr > 200 GeV and a minimum transverse sphericity of 0.2. The symbol | should be read as the logic

or,

n (7_+ | 7'7) = 2 would be read “the number of 7 equals 2 or the number of 7~ equals 2.”

Hr = Y5_, prj + EFs

« ”

ie.

the cut




Altunkaynak, Holmes, PN, Nelson, Peim

arXiv: 1008.3423 [hep-ph]

Benchmarks for Early Discovery at /s = 7 TeV with 2 fb~!

Label |NLSP | mo mi Ay tanf 6 53 "(S;s)Y ( O_Zilch)
Cl | xi | 1663 309 1508 32.9 0553 -0.687 | 24.3 7.0
C2 | x& | 449 330 176 203 -0.382 -0.151 | 24 3.7
C3 | xi | 1461 361 1327 303 -0.241 -0.702 | 14.8 45
C4 Xfc 1264 445 1775 24.7 0.718 -0.736 11.3 4.7
C5 | x; | 240 313 522 548 -0.376 -0.106 | 3.5 0.68
Gl G | 1694 755 2128 457  0.745 -0.803 | 2.2 4.9
G2 G | 2231 639 2710 180 0.543 -0.850 | 24.2 3.0
G3 G | 2276 615 -2407 472 0631 -0.784 | 3.1 2.6
G4 G | 2180 651 -2271 471 0.680 -0.817 | 58 8.3
G5 G | 2126 683 2924 380 0580 -0.849 | 19.4 48
G6 G | 1983 749 -2332 463 0562 -0.824 | 3.7 2.7
HI | A° | 2225 674 -2531 47.3 0783 -0.703 | 0.3 0.92
S1 el 117 394 0 15.9 -0.327  -0.177 1.4 1.4
S2 7 | 101 446 -153 6.1  0.607 -0.207 | 04 0.48
S3 7 | 102 470 183 153  0.603 -0.266 | 0.5 3.0
sS4 7 | 309 581 -613 277 0.839 -0.400 | 0.6 1.6
S5 7 | 135 688 -184 57 -0.052 -0.499 | 0.4 1.6
S6 7| 114 404 27 130 -0.369 -0.267 | 2.0 3.0
ST | ® | 114 518 87 104 0266 -0.247 | 0.2 0.60
T1 t~1 1726 548 4197 21.2 0.132 -0.645 2.3 5.0x1073
T2 | & | 1590 755 3477 234  0.805 -0.803 | 3.8 | 9.4x1072

14

TABLE III: Benchmarks for models discoverable at the LHC at /s = 7 TeV with 2 fb™" of integrated luminosity. The model
inputs are given at Mgyr = 2 x 10'® GeV, sign(u) = +1, and 6, = 0. The displayed masses are in GeV. All models satisfy
REWSB and the experimental constraints as discussed in Sec. (II). The spin independent direct detection cross section, ost, is
exhibited as well as the cross section osysy for the production of supersymmetric particles at /s = 7 TeV. Our analysis shows
that all the models listed in this table are discoverable at the 5o level above the background in several channels as exhibited

in Fig. (5).




Altunkaynak, Holmes, PN, Nelson, Peim
arXiv: 1008.3423 [hep-ph]
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Multicomponent dark matter
Feldman, Liu, PN, Peim, PRD81:095017,2010.

Dark matter may be constituted of more than one component

Qcpm = ) Qepmi-

We consider a U(1) x X U(1)c¢ extension of SUGRA model where U (1) x is the
hidden sector and U (1)¢ is the anomaly free combination L. — L,

L = Lwvssm + Ly)2 + AL

L7 (102 s the kinetic energy for the X and C multiplets and for Lg¢ we assume the
following form

AL = /d20d2§[(M1C + M, X + S+ 8)? + (M,C+ MxX + S + 5)2].

A Dirac fermion is placed in hidden sector [K. Cheung, T.C. Yuan; Feldman, Liu, PN]J.
The new particles in this model consist of

spin 0 : p, p', ¢, ¢’
1
Splni : P, Xgaxg, Xgﬁxg

spin1: 2Z',2".




Total relic density.

The total relic density is the sum of the Dirac and the Majorana components

C C
QR wnmap = (Qph?) + (2 h3) ~ =2 4 =X

1.07 X 10°GeV—1 .~ 1.07 X 10°GeV—1

v g* (v) Mpy x = v g* (x) Mp)

m’(’b iBX
! ¥
Jy = / < ov >Syy de, J = / < OV >y da
o o

C¢22X

We assume the local density of dark matter proportional to the relic densities

P, /Px ~ (ﬂ«p h2)/(ﬂxh2)

To get the relic density one needs to solve coupled Boltzmann equations for the two
component model

dny,

1 2 2
. = —3Hn, — 5 < ov >¢QE (n'l,b T n¢,€q)
dn 1 1
— = —8Hny — _ <ov >xg (0} —nfeg) 5 <ovSyp (nd —ng )




Two-component Dark Matter Model

Feldman, Liu, PN, Peim PRD 81:095017,2010, arXiv:1004.0649000
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Two-component Dark Matter Model

Feldman, Liu, PN, Peim, PRD 81:095017,2010, arXiv:1004.0649000
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Two-component Dark Matter Model
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COGENT
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LHC data could decode the origin of dark matter in the early
universe

Typically the relic density constraints are satisfied in four broad
regions of the SUGRA parameter space

@ Bulk region
@ Pole region

@ Coannihilation regions with coannihilations of neutralino with
Wino, stau, stop, gluino - - -
@ Region with heavy scalars: Hyperbolic Branch/Focus Point
region
Chan, Chattopadhyay, PN; Feng, Matchev, Moroi; Baer, Tata, et.al. .
These regions can lead to distinguishable features at the LHC. As

an illustration we contrast the signatures arising from the HB
region vs the stau coannihilation region.




Hyperbolic Branch and stau coannihilation regions

@ On HB the squarks are generally heavy and thus the gluinos are produced more
profusely in this region than squarks. The gluinos have longer decay chains and
thus missing Pr associated with this region is smaller

~ —~ e

g — qdx;, 99X;

Also a larger multiplicity of quarks, specifically b quarks, produced in the HB
region.

@ In the Stau Co-annihilation region some of the squarks are relatively light and
they are more profusely produced than gluinos. The squarks have shorter decay
chains and thus missing Pr associated with this region is larger
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9 —49X;s 4 X;




OSSF Di-lepton
Feldman, Liu, PN: JHEP 0804:054,2008.
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Conclusions

An explanation of the various dark matter experiments in terms of partilcle
physics phenomena suggests that the current pictures such as that of the
standard SUSY models needs extension.

We have discussed three possibilities all involving an extra hidden sector
appended to the standard sugra picture. LHC data will be able to discriminate
among these possibilities.

Thus if the dark matter experimental results from PAMELA etc are real and
further if one seeks particle physics explanation (as opposed to the astrophysical
ones) then the hidden sector models are possible directions for further study.

Low mass regions in the range of few hundred GeV can be explored with 1fb—1!
of data at v/s = 7 TeV and an early discovery of SUSY at the LHC is a distinct
possibility.
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A display of the Processes Analyzed and their standard model Backgrounds at /s = 7 TeV

Cross Number |Luminosity

SM Process Section (fb) |of Events| (fb™")
QCD 2,3,4 jets (Cutsl) 20x 10" | 74M [3.7x 107
QCD 2,3, 4 jets (Cuts2) 7.0 x 10% | 98M 0.14
QCD 2,3,4 jets (Cuts3) 46x107 | 40M 0.88
QCD 2,3,4 jets (Cuts4) 3.9x10° | 1.7M 4.4
tt40,1,2 jets 1.6x10° | 4.8M 30
bb+0,1,2 jets 9.5x 10" | 95M 1.0
Z[y (= tvv) +0,1,2,3 jets 6.2x10° | 6.2M 1.0
W= (= ) +0,1,2,3 jets 1.9%x 107 | 21M 1.1
Z]y (= tvo) +tt+0,1,2 jets 56 1L.OM | 1.7 x 10*
7/ g—> o, w; +b0+0,1,2jets|| 2.8x10° | 0.1IM 36
W* (= ) +bb+0,1,2 jets 32x10° | 0.6M | 1.8x 10?
W* (= ) +tt+0,1,2 jets 70 4.6M | 6.5x10%
W= (= fv) +tb (th) +0,1,2 jets|| 2.4x 10* | 2.IM | 8.7 x 10°
tttt 0.5 0.00M | 1.8x10°
tthb 1.2x10% | 0.32M | 2.7 x 10°
bbbb 2.2x 10" | 0.22M 1.0
W= (= tv) + W= (= tv) 2.0x10* | 0.05M 25
WE (= )+ Z (= all) 1.1x10° | 1.3M | 1.1x10°
Z (= all)+Z (= all) 73%x10* | 2.6M | 3.6 x 10°
v+1,2,3 jets 1.5x 107 | 16M 1.1

TABLE I: An exhibition of the standard model backgrounds computed in this work at /s = 7 TeV. All processes were
generated using MadGraph 4.4 [10]. Our notation here is that £ = e, u, 7 and all = £, v, jets. Cutsl-Cuts4 indicated in the
table are defined in Eq. (1). In the background analysis we eliminate double counting between the process W= + tb (#b) and tf
by subtracting out double resonant diagrams of ¢ when calculating W= + tb (fb).3
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