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_ Gravitational Lensing

Cluster de galaxias«

-
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Large distortion of the imagines, of diStanf
galaxies due to gravitation lensing |
- indication of DM in galaxy clusters
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Planck (20 March 2013)
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Dark Matter Candidates

Neutrinos ? (€2 h?<0.0067 @ 95%CL)
Sterile Neutrinos

Axions
SUSY particles

= UCH R ETIHERO General requirements

— Sneutrinos

— Gravitinos e Electrically Neutral (“dark”)

— Axinos e Stable (lifetime larger than age of the Universe)
KK states (UED) e Massive and Weakly interacting (2.p,,h* ~ 0.1)
Wimpzillas

......... - WIMPS

Note: No reason DM should be made out
19/9/13 of a single component (neutrinos exist)




19/9/13

DM at the LHC




WIMP Pair Production at Colliders

At colliders (LHC) WIMPs can be produced in pairs q
leading to “nothing to detect” in the final state

Such events are tagged via the presence of
an energetic jet or a photon from initial state radiation

—>Monojets and Monophotons
(complementary....but QCD wins in rate) f

GATLAS I\

’ EXPERIMENT

Rather spectacular and distinctive signature to search for new physics

( also relevant in searches for large extra spatial dimensions, etc... )
19/9/13
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LHC Performance (2010-2012)

Spectacular LHC performance

(rapid increase of data samples)
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ATLAS

(relevant to photon ID)

Inner Detector - Barrel (B)&End-cap (E) in 2T solenoidal
magnetic field:

* Track reconstruction up to |n|<2.47;

* Conversion verticies reconstruction;

* e/y and e/nt* separation;

* Pixel: (B) 3 layers +(E) 2x3 disks 0,,~10 pm, 0,~115 pm;

LR=554mm
(R =514 mm

ser4 R =443 mm * Semi Conductor Tracker: (B) 4 layers +(E) 2x9 disks
R =371 mm ow"'17 pm, 0,~580 pm;
L R =299 mm * Transition Radiation Tracker: (B) 73 layers +(E) 2x160
layers 0,~130 um;

Cells in Layer 3
&9~an = 0.0245%0.05

R =122.5 mm
Pixels { R = 88.5 mm

R=50.5mrn1

e om, £ e @

LAr lead sampling calorimeter with an n=9 & e <IN
‘accordion” geometry. / . P é/;& o
* 3 longitudinal layers with cell of AnxAg: — e NN o

* 1%tlayer (0.003:0.006)x0.1; f‘e’;.,T 1 f\\/fk’ \

«  2n Jayer 0.025x0.025; s SN '

* 3 ayer 0.050x0.025. i Covez o
*  Presampler for |n|<1.8 AnxA¢@~0.025x0.1. R S ~
* Barrel-end-cap crack |n|=1.37+1.52. " l IR ) W
*  o(E)/E=(10-17%)(n)/VE(GeV) @ (1.2:1.8%). I/ ~cun
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Slicing windown algoritm
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(good photon— nt° separation
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Reconstruction of both
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7 TeV

26 ft Monophotons

Event Selection

Events selected online with
E,Miss > 70 GeV at the trigger level 7 P “
( > 98% efficient for this analysis) 4 _ QN

Well-reconstructed primary vertex
P,y >150 GeV, || < 2.37, isolated

E,™> 150 GeV ’ h EXPERIMEI§

Net <2 (p;>30 GeV) (anti-k, 0.4)
Ao (y, E;mis5) >0.4, Ad (jet, E,5) >0.4

data sample: 116 events

Veto on leptons (24% have one jet)
(rejects W/Z backgrounds)

No electrons with p; >20 GeV, |n] <2.47
No muons with p; >10 GeV, |n| <2.4



Backgrounds

Background dominated by Z/W+y processes
(estimated using MC normalized in control regions)

IIITIITTIlTTlI‘lIITITIITlIITIIIT
4 —o— Data2011 \s=7TeV)

ATLAS JLdt=4.efb' I Wz

Y+ U + E™ss control sample _
< I W/Z+jet -
(on top of signal region kinematics B 1. il o

11111111

W/Z+jets with e or jets faking photons
(determined from data)

102

10° =
I AR
150 200 250 300 350 400 450 500

e = vy (fake rate from data) £ (e

vy or jet faking y

W missed lepton
Y

Y or jet faking y

k(W/Z+y) ~1.1

Jet 2 y (isolation vs y ID plane)

/

control region

v+jets and multijet background from data M“.
(using y+jet sample with A¢ (jet, E;™5) < 0.4) [
Small contributions from top, yy, dibosons " gN“
(Taken from MC normalized to NLO/NNLO) | -

MA
A _ a7A B
BNS,.g—N NS
N

control region

lvllll10 15 ||20.1|25 30|||35

Isolation [GeV]



Uncertainties

Impact on total
prediction

o Some of the studies on

vy E-scale 0.9% ]

systematics suffer from
Y isolation/ID/resolution 1.1% limited statistics in control
Jet E-scale/resolution 0.9% - 1.2% samples
Leptons 0.3% .

Room for improvement
Low-pt jets/uncluster energy 0.8% in the 8 TeV analysis
Pileup subtraction 0.3%
W/Z+y modeling 6.9% Conservative

(ALPGEN vs SHERPA)
Others Sources <0.5% Trigger, Luminosity, lepton

p;, normalization of small

backgrounds (top, diboson)
Statistical Component 14% Due to limited size control

samples in data



Results

Phys. Rev. Lett 110, 011802 (2013)

> T LR A T 3
© —e— Data 2011 s =7 TeV) E - A AL T TR W L A R
1 ATLAS =wzy E O L ATLAS é%&g"vm . §
+— i - = + =
o j'— dt=4.61b" =¥(\),p/)z;d+ejét multi-jet, diboson 7 *2 B -1 = W/Z+Jyet ]
> 10 54445 Total background = o - | Ldt=461fb B top, y+jet, multi-jet, diboson g
L —_ — - ADDNLO, M_=1.0 TeV, n=2 3 > 10 ¢ s 14444 Total background .-
............... L — — . ... WIMP, D5, m=10 GeV, M=400 GeV ] L — - ADDNLO, M_=1.0 TeV, n=2 =
’ 2222 R !____l _E e ,L__ L - WIMP, D5, m’=10 GeV, M=400 GeV
=T S = | ———1 3
10" 22 o 1 R .
1 0'2 g}}ﬁﬁ}}}}}}}}}}}}}}}};’;ﬁ% /////,//////////////////////////%
= 10° E
10° - | :
R BT N B
150 200 250 300 350 400 450 500 10° e i b e by B
. Er [GeV] 150 200 250 300 350 400 450 500
Good agreement with SM p. (photon) [GeV]
Background source Prediction 4 (stat.) £ (syst.)
Results translated into Z(—vo) + 7 68% KB + 16 + 8
. . . * + -
model-independent limits Z[y* (= 7))+ 0.4 +02 =01
onG XA Xe W(—lv) +~ 18% A +5 + 2
W/Z + jets 13% 18 — + 6
Top 0.07 + 0.07 £ 0.01
oOXAxe < 5.6fb@90% CL WW,WZ,ZZ,~~ 0.3 +0.1 £0.1
oOxXAxe < 6.8fb @ 95% CL v+jets and multi-jet 1.0 — + 0.5
Total background 137 + 18 + 9
Events in data (4.6 fb=") 116

Typical € ~ 75%




Effective Theory

(model independent approach)
Effective Lagrangian approach (contact interaction)

with parameters M. and m

M.2~ M?/g.g,
assuming the interaction is mediated
by a heavy particle with mass M and
couplings g, and g,

X

Different operators are considered
with different structures and here %
will be taken as Dirac fermions

Important note:

Not clear whether the effective approach
under- or over-estimates the cross
sections since this depends on the details
of the unknown UV limit of the theory

Strictly speaking theory only applicable
when M is much larger than the energy

1 f
X X
q X f X
Name | Initial state Type Operator
D1 qq scalar %% XXqq
Db qQq vector Hlf XY XqYuq
D8 qq axial-vector 35> XV* Y x@u7°q
D9 qq tensor N}g X0 xqouuq
D11 gg scalar fwixas(Gzy)Z

scale present in the reaction [Q? << (47 M.)?]

19/9/13

20




ey

90% CL Limits on M.

X
A x € in the range between 11% (D1) and 23% (D9) »
(due to different E,™*s spectrum)
Name | Initial state Type Operator
D1 qq scalar % XX4qq
On signal yields: L
g . . D5 qQq vector M2 XVEXqYug
Experimental uncertainties (7%) _
. . .. D8 qq axial-vector 3 X7V XTVuY°q
Theoretical uncertainties :
ISR/FSR (4 % — 10%) b9 & tensor X0 X0q
PDFs (5% _ 30%) D11 g9 scalar ﬁ)zxas(qu)Q

Ue,r (8%)
Pl (1/M*)°
o P>¥D8DY o (1 ) 1 GeV > 31 > 585 > 585 > 794
1.3 TeV > 5 > 156 > 100 > 188

Results are translated into 90% CL limits on M. for different
operators and as a function of WIMP mass



WIMP-nucleon cross section

2 6
Pl = 1.60x 10~ cm? (1 gXV) (2055‘/)
DM DM © \
2 (300 GeV
DS _ 13 -37 2( Hy )
—  » N o 1.38 X 1077 "cm TGev e
P p ) 4
o) = 3
P = 47 % 107 %em? (5 é ) ( Oaﬁev)
Different operators contribute either
to spin-dependent or spin-independent 10—+
. g = 90% CL, Spin Dependent
WIMP-nucleon cross sections 2 gL - - CDF.D8 &0,
o = --- CMS (51", D8, i~ Y(XT),, .
= 1037l — ATLAS, D8, @~ Y(R),,
o 10-34 T T '1 T T T T T T T T T T T T 17T § - ATLAS, Dg, qa_) ’Y(XX)Dirac
g 90% CL, Spin-Independent O S ATLAS 1o,
IE‘ 10-35 - CDF’ D5’ (ﬁ_) J‘(Xz)Dirac 10 E_ o
9 = --- CMS (51b"), D5, 93— Y(X7),,,,, o s 4
g 10'35 ;_ —— ATLAS, D1, Q§—> ‘Y(X?Dirac 10-39 ? —___""-" ----------------------------------------
o = —— ATLAS, D5, q3- Y(x7),,, T
g 1 0-37 ;_ """"" ATLAS -1 Gtheory _; 1 0-40 E——— lllllllllllllllllllllllllllllll
3] = = -
5 38 e T 1 104 ATLAS \s=7 TeV,j Ldt=4.6 fb'1
I KO I =T —————— e = =
TDJ Eﬂ ; 10-42_1 I Lol I Lol I |
Z 4039 N 2 3
Z 10 1 10 10 m, Gel]
1040 ATLAS \s=7 Tev,j Ldt=4.6fb" <  Within the assumption of the validity
I U E U of the effective theory the LHC results
2 3 . .
1 10 10 m, [GeV] complement direct detection searches

19/9/13 (particularly relevant atm, <10.GeV)



A WIMPS
T
L (monojets & monophotons)
A
S
(\'1—'10-32E|90/| CIngl-”ID T Idllltllll T I IIIIII| II9IO/ (I:LISII'”lll(Ij [ dI ItIIIIII [ [T ||||||é
= % CL, Spin Dependen % CL, Spin Independen E A
51 0_335 _____ SIMPLE _ Picassg T XENON100 —CDMS : Not enough sen.smwty yet
- '° [ - CDF,D8 di~i(X),, _8&%9('\5%‘) s -_CDF(’ [_’)51 A0y, 3 to exclude/confirm the
9 10%F —CMS (5 ), D8, (), ) D5, a=v () A
© . 3sf — CMS (51fb™), D8, qg— j(Xg);rac CMS (5 fb ‘),_1D5, GG 100 CoGeNT/DAMA
B107F _ _ ATLAS (510", D8, G- 00, -+ - ATLAS (5 f07), D5, 68— j(xX);y,, / Jexcess at m_~10 GeV
36[ irac _ _ ' .
B107°F : —— ATLAS, D5, 6G—v(xX),,,, " A4 in case the of D1/D5 models
g 107k N ke ATLAS, D1, a6 v (xX) 5, .. &
5107 ;
Q  aof ]
©10 3925 3
> a0F =
<107F E
X, af _ 1 &
10"e — ATLAS, D8, @1 (), R i
10-42% ---- ATLAS, D9, a0~ v (), 3 é 10LE
109k ) R E: EIO‘“— .\ CDVISEDELWEISS -
. ATLAS \s=7 TeV,f Ldt=4.6 10" e ] %S ..
10 Bl L nl L vl Lol II| [ IIIII| I "f"l"l"l"l'l"l'lm L 11 IIIII|§ E 'l"“
1 10 10° 103 1 10 10° 10° E a4 XENON 10
m, [GeV] mGeV] £
+ LEP-CMSSM constraints

Very significant improvement on limits compared to Tevatron T .'.i[)GO y ,;J BT
For m, <100 GeV : WIMPS-nucleon cross sections above

3 3(9}99'1‘;0 cm? (103° cm?) are excluded for spin —dependent (spin-independent) operatozrgs



Large Extra Dimensions

ag Extra spatial dimensions explain the apparent
weakness of Gravity (relevant scale ~TeV)

(MPL)2 —~ Rn(MD)2+n

A x ¢ about 20%
(approx. independent on n and M)

On signal yields:
Experimental uncertainties (7%)

N B l l | | T P ]
Theoretical uncertainties iy SECEEEEEE ATLAS \s=7TeV,| Ldt=461 - B
ISR/FSR  (4%) s S kR
PDFs (4% - 11% as n increases) L I T 0 0 ]
. 1.6 —
(1) 0, » .
Ur F (QA’ - 5% as n incr eases) - 95% CL limits, NLO Theory -
14 . =———"ATLAS Observed Limit + 1 (theory) ]
TH - ATLAS Ex_?ected Limit (+ 10) _
95% CL limits on My vs n : v GMS (8107 }
1.9 CDF —
- - DO -
e im s LEP .
Limits on M, beyond 1.9 TeV I e _ ~
(a real challenge for the model validity) S e I .
0.8 | ! T Rt helih iattind

. . ] 2 3 4 5 6
Note: Limits sensitive to the truncation strategy Number of Extra Dimensions

for s-hat > M,? (15% to 75% of the ADD cross section as n increases)
19/9/13 ... LHC probing phase space at large Q? 24



Final Notes

Very successful LHC operations

More than 26 fb-1 of data on tape
for ATLAS (7 TeV & 8 TeV)

"Just checking."

7 TeV results on monophOtons ..and more data bring new things

and more direct access to DM
Within the effective lagrangian
framework the LHC DM searches are
rather competitive & complement direct
detection experiments

Searches continue with 8 TeV dataset
including all possible mono-X channels




More Energy and More Data !

El LHC will almost double
the centre-of-mass energy
in 2015

el o
8 TeV > 14 TeV ‘ Y e

Sk

* ¢

".
o
~~

with increased luminosity % a
" ¥
il

Ready for a new discovery ?

26
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S — 2251V L
' 9
A
(Z2Z = 1l vv) s
_ - arXiv:1211.6096
q Z
: : 50 0 50 100 150
No jets with p; above 25 GeV Axial-ET'* [GeV]
Vi A 7 i > 0022 ATLAS ~ — POWHEGBOX —
P — P pr < 0.6 O 0o \s=7 TeV e Data E
(ll T ]Tl)/] T :Ooo'?gz Ldtede b + Stat. Uncertainty 3
: o N V-VIoE" = 4. 3 Total Uncertainty 5
—pi X COS(A(,D(])%V,])%)) > 80 GeV £ o016 2Z > 1TV =
EN0.014F N
— 5 0.012F =
> - ATLAS | " — POWHEGBOX 2N 0.01E =
8 0025 (5 7Tev e Data - © 001 ' =
= 0.018 p + Stat. Uncertainty — — 0.008¢" l E
W c | Ldt=461b — Total Uncertainty 3 0.006=— —
S 0.016F il = = T -
'39\“0014:— ZZ = I'Ivw = 0.004F- —
s . E = 0.002F- =
X 0-012:_ = _: 1 I L Ll L | I .__
2 001E = 9 15k E
™ 0.008 = S gsb § E
0.0061— = O 220 240 260 280 300 320 340 360 380 400
0.004 = méZ [GeV]
0.002- o . . | . = Jgdz_mﬁ Ly = 127754 (stat.) T17 (syst.) + 0.5 (lumi.) fb.
Q 15 =
E E l E o ° L]
S Mt e . In good agreement with SM predictions
- 0 8 100 120 140 160 180 200 This can be used to put limits on xx+Z
Z

19/9/13 28



‘]

X-N cross-section [cm

—

Q
w
(=]

—r

Q
w
<

—

Qo
w
<]

—

Q
w
o

—

Q
o
o

—
o
&

ATLAS

-~

D5 cross section [pb]

| -
800 1000

m, [GeV]

E | | |
0 200 400 600

T 7 T 171
’

Lom

VECTOR
Spin Independent

~——-ATLASYy
— ATLAS+CMSy

---- ATLAS jet
— ATLAS+CMS jet

j: | llllllll | Illlllll | llllllll | lllllll.[‘

— All

-
o

10°
m, [GeV]

10?

Un-official
' combination
& CMS Mono-X

Ning Zhou et al.,,
arXiv:1302.3619

(\'1_‘10_36: T T T T 11 I T T T T T T T 1 l:
= E - ATLAS Z =
G [---CMsy AXIAL-VECTOR .
c " ---—-ATLASYy . /! N
S 107E __ ATLAS:OMSY Spin Dependent -
3 e CMS et ’ E
3 [ -——- ATLAS jet ]
8 1028k —— ATLAS+CMS jet |
s LA :
= I i
0% =
B _:
10-41 | ] 1 1 Lol 1 1 1 Ll

10 102 10°

m, [GeV]

As expected the combination is totally

dominated by the mono-jet results
29



Large Extra Dimensions

¢ Extra spatial dimensions
explain the apparent brane G
weakness of Gravity
monophoton (relevant scale ~TeV)

© Sabine Hossenfelder

— [ [
> 25_ .......................................................................... CMS NLO (Y"'E )__
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Extra Dimensions

Alternative to solve

Hierarchy Problem A 'D R s

Arkani-Hamed, Dimopoulos, Dvali, Randall, Sundrum,
Phys Lett B429 (98) Phys Rev Lett 83 (99)

- [Many large compactified EDs|| 1 highly curved ED
In which G can propagate Gravity localised in the ED

V= S @N G Planck  TeV brane
Extra spatial dimensions |

explain the apparent b2~ R"Mp|(4 (2+n) I =i
. ] — M oakRa
weakness of Grfwty Effective Mpl ~ 1TV if A=M,e
(relevant scale ~ 1 TeV) compact space (R") is large A~ TeV
G if warp factor kR_~11-12

k/M,, k: curvature scale

resonances

monojet/monophoton



