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Why looking for
Beyond Standard Model (BSM)?

Sensational success of Standard Model, however still numerous
unanswered questions...

Why is the Higgs light?

What are the details of the EW symmetry breaking mechanism?
Why left-handed weak interactions?

Where are the right-handed neutrinos?

Do the interactions couplings unify?

Why quantized electric charges?

Why three generations?

Why fermion mass hierarchy?

What is dark matter?

How about gravity?
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BSM theories

GRAND UNIFICATION COMPOSITENESS
SUPERSYMMETRY
TECHNICOLOR

EXTRA DIMENSIONS

Little Higgs, Hidden Valley, Unparticles, ...
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BSM theories
GRAND UNIFICATION

Time afrer
Big Bang
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-larger gauge group (various breaking patterns)
-single coupling

-quarks and leptons in irreducible representations
% charge quantization
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BSM theories
COMPOSITENESS

quarks

-standard particles not elementary
-substructure of fermions and bosons
-(no fully consistent model yet)

= family replication
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BSM theories

I l TECHNICOLOR

-new strong gauge interaction

-new fermions (techniquarks)
-spontaneous chiral symmetry breaking
& composite Higgs boson, no fine tuning
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BSM theories

EXTRA DIMENSIONS

-more than 3 spatial dimensions
-gravitation “diluted”

-various numbers/sizes/shapes/... of extra
dimensions (ADD, RS, UED,... models)

= hierarchy problem solved + dark matter
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xotic
4 GRAND UNIFICATION BB COMPOSITENESS
-excited states of known

-new vector bosons (Z’, W’,...) : £ % TE O\

» T el articles (I*, g*, Z*, W*,...),
heavy fermions (t’, b’, T, B,...), lpeptoquar(ks . )
vy, leptoquarks, diquarks, o
Higgses,...

Bl EXTRA DIMENSIONS IMTECHNICOLOR
-new composite particles:

-Kaluza-Klein excitations of techni-hadrons (pr,-..),

standard particles (G*, Zyx l

’ ) eptoquarks, T:,,...
Wik Skkr iks-), Black Holes, Proq o3
string resonances,...
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Search strategy ¥

ner-»

Several theories (+not yet thought of theories)

— 7\

several models

— 7\

many particles

Look for signatures!

several several
production decay eas many as possible
modes modes

«as model independent
as possible

einterpret results with
benchmarks
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=~ N
AS Exotics Searches” - 95% CL Lower Limits (Stati s: May 2013)

- Large ED (ADD} : monojet + E; .. ) 21044 MD {8=2)
Large ED (ADD) : monophoton + £, . |£=48 209.4625] .83 My (5=2) ATLAS
2 Large ED (ADD) : diphoton & dilepton, m,, LT i : M (HLZ 5=3, NLO} it
2 UED : diphoton + E; .. Compact. scale R Preliminary
g s'z, ED : dilepton, m B M, ~ R’
g RS1 : dilepton, m, Graviton mass (k/M = 0.1)
5 RS1: WW resonance, my ., Graviton mass (k/Mg, = 0.1) .
© Bulk RS : ZZ resonance, m,, Graviton mass (k/Mg, = 1.0) Ldf=(1-20)fb
S — RS g — tt (BR=0.925 1t—>|+etsm 207TeV. g Mass
U} ssmmmpp ADD BP-EIJTM].H H(uD=3} SSJdlrnuon lNcn 4 liera ™, 7 Tew 14,0080 ZETE M, (5=6) fs=7,8TeV
ADD BH (M, /M =3) : leptons + jets,Lp 1.0 1 : ¢ My, (5=6)
ijet. F ) : M, (5=6)
=) qgll Cl : ee & up, : V| A (constructive int.)
uutt Cl : SS dilepton + jets + E, A{C=1)
..................................... Z(SSM)mHHH e ote gy
Z' (SSM) :m., [L=47 17,7 TeV [1210.6604] 14Te¥ 7 mass
3 Z' (leptophobic topcolor) : tf — |+]'&I:S,m1 L=14.31b", 8 TeV [ATLAS-CONF-2013-052] 18TeV 7' mass
w {SSM} Mgy | L=A7 07,7 TeV [1209.4446) 2.55TeV W' mass
W' (= tg, g =1) im,  |L=47 ", 7 TeV [1200.6503] 430 GeV W' mass
. W '(—)tbLR%M}m  [L=14:3 15", 8 TeV [ATLAS-CONF-2013-050] 184TeV W' mass
Scalar LQ pair (§=1) : Kin. vars. in eajj, E‘\.’J_| L=1.01b", T TeV [1112.4828) 660 Gev T gen. LQ mass
g Scalar LQ pair (#=1) : kin. vars. m Ljj, v | L=t 7 Tev [1203.3172) 685Gev 2" gen. LQ mass
Scalar LQpa|r{[51}| ..... kin. fj, TV[] |L=4.7 b, T TeV [1303.0526) s34Gev 3% gen. LQ mass
4 4" generation : 't'— WbWhb |L=47 6% 7 TeV [1310.5458) 656 GeW ' mass
= dth generation : b'b" — S5 dilepton + jets + E ,_.“,;“,— 8 TeV [ATLAS-CONF-2013-054] 720 Ge¥_ b’ mass
g ‘:tgr Vector-like quark : TT— Hl+){ 1=14.3 {7, eV [A 18] 780 GaV_ T mass (isospin doublet)
R v ‘.3?.‘.9?.'."'.‘.‘.:"..9.9?.'.’..'.‘....Q.Q..‘.'."'.‘.I.v.q... L=46 15", 7 TeV [ATLAS-CONF-2012-137] 1427ev VLQ mass (charge -1/3, coupling k,q = vimg)
. Excited quarks : y-jet resonance, m
S E Excited quarks : dijet resonance, q* mass
Lﬁ K] Excited b quark : W-t resonance, m,, ft-handed coupling)
| 1 mass (A = m{l*)
i pfo; mass (mip Jo) - mit) =M )
Techni-hadrons (LSTC) : WZ resonance {h:lr) e p, mass (m(p_) = min) +my, mia )= 1.1m(p.))
i Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass {m(WR} 2 TeV)
L Heavy '?EP" N (type |ll seesaw) : Z- resonance, m,, N* mass (|V | = 0.055, |V | = 0.063, |V | =
35 DY prod., BR(Hﬁ—)II] 1): 85 ee (uy), m H* mass (limit at "398 GeV for pp}

Color octet scalar : dijet resonance, m
PAulti-i charged particles (DY prod. } hnghly u:-mzmg tracks

Scalar resonance mass

mass (|q| = 4e)

TESS
1 111 ] IIIIIII| N I |

10" 1 10 10?

Mass scale [TeV]

*Only a selection of the available mass limits on new stales or phenomena shown

similar amount of results from CMS
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Outline

Singly produced resonances
- mostly new bosons

Pair produced resonances
- mostly new fermions

Other signatures
- mono-X, Black Holes

All results at 8 TeV, ~all limits at 95% C.L.

Warning: even though labeled the same, limits are not always strictly comparable across experiments
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Singly produced resonances

- dileptons (ee, uu, t1)

- lepton plus missing E;

- dijets (un-, b-, top-, W/Z-tagged)

- more t thPa" (semileptonic)

- more dibosons (all leptonic WZ)
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Dileptons

« Experimental challenge: lepton p; resolution and efficiency up to 1 TeV!

[ATLAS-CONF-2013-017]

130 GeV

g 10" g4 T T T T T
5 . 1 ATLAS Preliminary
o 10 | Z' — ee Search

10° Ldt=20fb"
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10°

10° |

10 |

|
! 1 ee
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SSM =

Sequential SM

RS= Randall

Sundrum model

[CMS-EX0-12-061] ' Ih '

10° 1 — —
105 I CMS Preliminary, 8 TeV, 20.6 !
" —e— DATA

10° I Cdviz—u'w

10° ! B . tw, ww, Wz, 27,1t
102 [ jets (data)

10

1

10"
107 +,,-
103 l’l M :—V Search

-4 I i I 1 regi\on L
1070 100 200 300 400 1000 2000

m(uw) [GeV]

Observed lower mass limits (TeV)

Model ATLAS CMS
SSM Z’ 2.86 2.96
E,Z', 2.38 2.60
RS G* (k/Mp=0.1) 2.47

Many more interpretations with 7 TeV data:

Z*, LSTC pr, MWT My, Zy/ ke TS

also non resonant interpretations: ADD (CMS-EXO-12-027, CMS-EXO-12-031)
Fabienne Ledroit
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Ditaus

e Lepton universality not always required

[ATLAS-CONF-2013-066]

q X T

o tau candidates = jets (1 or 3 tracks) with BDT identification

o (Boosted Decision Tree)
¢ 'P”T \/ZpTlijc + 2|E1ﬂ155|pT1C1 + 2|Em-l55|ijCj E | L L S B s B S R B B
=" TN e Expected limit
C=1-cos4¢ E‘ 11 [ Expected+ 16—
- Expected+ 20
- 0 T P ]
e resolution 30-50% N —— Observed limit -
o % ] — Z'ssm |
E 10 C ATLAS Preliminary = Data 2012 X 10 N T Z'sem th- uncert. -
E = -1 2y -t N ! y ]
it 10°E %fta T19\}5 ° [ Multijet 1 SSM Z i
= 18Toe [l WiZ+ets 2 I
10 [ ti+single top © 2l = h
- B Diboson 107 aras E
10 E vd o Lo i ~  Preliminary 7
n: —— - [Ldt=195m"s=8Tev 1
? ------ + - -3 | Thadrhad Ch?nnel AT T N N NN N N
0| Th Th 107500 1000 1500 2000
107 m,, [GeV]
g Observed mass
2 : exclusion [TeV]
{,5 B | | | | | | | | ‘
8 05 200 300 10002000 SSM Z’ [0.5,1.90]
mgl?t( had-vis’ had -vis! E ) [GeV]
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Lepton + missing E

o Mt = \/Q;JTE%“BS(I — COS Qyy )

JLat=20f" (s=8Tev

CMS Preliminary
T T T T T T | T

> _Ilr I T | T T T T | T T T T
8106 —_— W v M=2500 GeV lW—>uv lQCD
10
E'I 0% B —— W' — 1 v M=500 GeV lﬁ+5ingle tDpDW_’W
C104 lDY%up. IDY—:':r
=, A3
1 0 i l Diboson « data
10°
1 O I:.. syst uncer. miss
1 u+ET
10"
102 R L |
107 - .
500 1000 1500 2000 2500
M, [GeV]

Observed lower limits

7

[CMS-EXO-12-060]

q V
= 107 [ iié‘
£ B CMS preliminary Lo
— JS =8 Tev Split Universal
=- Extra Dimensions
J. L dt =20 fb™ (UED)
w2 .
E KK I Electron
i ..i-channel-|
Excluded -
xciude L_JJ [ L. Much
. : channel
)] :
1 0 O | SO CCcombined
E LL - channels ]
------------ 1 ---l'----------l- 1 | ‘ 1 1 1 1 | 1 1
0 0.5 1.5 2
1/R [TeV]

Model Mass [TeV]

SSM W’ no interference 3.35
SSM W’ dest./const. int. | 3.10/ 3.60
W2, u=0.05 TeV 1.7
W2, u=10 TeV 3.7

also non resonant interpretation: dark matter (see later)

Fabienne Ledroit
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Singly produced resonances

- dijets (un-, b-, top-, W/Z-tagged)

jy=X-tagged jet
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Dijets

CEMS Experiment al LHC, CERN

Data recorded: FriOct 5 12:29:33 2012 CEST
Run/Event: 204541 { 52508234

Lumi section: 32

Fabienne Ledroit

qorg

qorg

qorg

qorg

CMS Experiment at LHC, CERN

Data recorded: Fri Oct 5 12:29:33 2012 CEST
Run/Event: 204541 / 52508234

Lumi section: 32

eprobing quark structure up to 5 TeV!
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Dijets

[CMS-EX0-12-059) & P

Fit
--- QCD MC

JES Uncertainty
W' (1.9 TeV)
jj

' A/C(36TeV) __

CMS Preliminary
Vs=8TeV, L=19.6 b
<25, lanl<1.3

-8
107 £ m, >890 GeV , Wide Jets
E i
L] 2
= iE
A
T 2E i = : i
8 3k ' ' : -
. S— ]
~ 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

Dijet Mass (GeV)

emass threshold around 1 TeV due to trigger constraints

Events

Significance

10°

10*

10°

102

10

N oo N =

anti-k; jets R=0.5 (CMS, with widening algo. R=1.1) or R=0.6 (ATLAS)
dijet invariant mass resolution ~5%

« 2 leading jets: |Ay|<1.2 (ATLAS), |An|<1.3 (CMS)

« smooth background fitted from data

fx) = pi(1 - x)P2 xP37P4 Inx

X = ﬁl’jj/ﬁ

~ ATLAS Preliminary -

-o-Data E
— Background -
\s =8TeV g
[Ldr=13.01b" ]

ner->

™ I_HITI'l T IIIIIII| T IIIIIII| T IIIIIII|

2000

il gEeay gog g e ol geRe
3000 4000
Reconstructed m, [GeV]

especific strategies of ATLAS and CMS to recover sensitivity to masses < 1 TeV

Fabienne Ledroit
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Dijets

[CMS-EXO-12-059]

[ATLAS-CONF-2012-148]

R e e e P R i

3104?"'"""""""""""""""""“"""'? el IE ATLAS Preliminary 3
o - CMS Preliminary == string ] = & ]
S— 103 L === Excited Quark _| Q( - -
< = . NsS=8TeV,L=1961b" Axigluon/Coloron 3 X i v =8TeV |
% 10t e m<zsan<ts e . [Ldt=13.01b"
m F N B w’ E - E_ _E
X 10 %_ \Q;:\\ ----- ZHS Graviton E -S g GG . mG E
CC) 1 & ‘\\’\.1\ . 7 € i ——0.15 ]
S 4 SRR E j 102 - 019 =
B 107 SN b o 0.07 §
& ] 52 - 8
g 10’2? gg_ % _3__ __
O 3L 95%cLupperLimit " o WRESsec oleco 32_ 10 3 E
E === Gluon-Gluon \ e ; qg E E
104 L e Quark-Gluon :"*-.,_" x K 3 N B
10—5:|||-|9\-|?l‘:2'\rlf-fl|u?rl\(ll|\l\l\\|\|\||||I.‘|h'=<‘|\|\|u‘|9\q|: 1045_ _E
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 P R K T S ET R R S S [ R | =
Resonance Mass (GeV) __ 2000 4000
CMS 20 b = Hiase, Mo (5e1)
Model Final State Obs. Mass Excl.
[TeV]
String Resonance (5) qg [1.20,5.08]
A=m(q*)  Excited Quark(q") qg [1.20,3.50]
Es Diquark (D) aq [1.20,4.75] ATLAS 13 fb-1
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08]
tan0=0.15 Color Octet Scalar (s8) gg [1.20,2.79] q* [1.5,3.84] TeV
W’ Boson (W’) SSM qQq [1.20,2.29] ’
Z’ Boson (Z') SSM qq [1.20,1.68] fi=f= =1
k/Mp=0.1 RS Graviton (G) qq+gg [1.20,1.58] g ‘

Fabienne Ledroit
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Detour: jet plus photon

«Quantum Black Hole

E [ Ldi=20310"

7

Mg T T 1
£10°F ATLAS  Preliminary E
Q 407k 1s=8Tev

[ATLAS, arXiv:1309.3230]

flx=myj/\s) =

pr(1 — x)PLy~(P3+pan)

10°
(QBH): production 10 g [ " ATLAS Preliminary ' |
threshold M, ~M, ‘ol e Dam X ok [ i
ol ens i Fit x £\ Gg /Mg ]
«low multiplicities 10F o~ GBH (s Te) I~ - 159%
TE s~ QBH(@25Tev) E X - 10%
10" -+ - QBH (35Tev) o © ~— 7%
o Fr—r———r1i 1 5 ~—5%
. g 2;_ - = - -
emass resolution 3-4% § o E N
= | ‘ . ] —
& 05 1 > 3 4 BOQ
mﬂlTeV] L] L

QBH prediction

95% CL upper limits:

——e— Observed limit

FRREE Expected limit+ 1o hand_g
Expected limit + 2 band |

-
o
|

o xBRxAxe [fb]

Observed mass
exclusion [TeV]

Quantum Black Hole

_ [1.0,3.48]
W’__ ATLAS Preliminary
Ju B [ (1:0.4.65]
e e Lo, n =6 and Mp = My,
|

Threshold mass Mm rrev1
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Dijets with b-tagging esccum

ewide jets, |An|<1.3 3 channels: 0, 1, 2 b-tags

gg g — 10 q"“\S\ \Plﬁelliminaryl [T |L‘ \=\1|9|'|6| Tt?_:‘ T ‘v'|§||=|8‘ T \el\/ 10 Ch‘qs Pr‘e"mlnaw ! L‘= 19‘6 fb71| “jg = 8‘ TeV
CMS Simulation s = 8 TeV [+ 2 b-tags % 1 b-tag
E LT T T T | T T T T | T T T T T T T T | T T T ] Q —— Data Q 1 —— Data
© G—bb 2 . o
o 09 = 0-tag mi<2.5. [ nj<1.3 — 10 ° o — Fit £ 1o 1 3 — Fit
o ) = } =
Dosp - bb Wide Jets E w Jbe Il <2.5&|an| < 1.3 £ 102 JbJ <258 [An] < 1.3
=)} —- 2tag csL ] RS
> 07 S 10° M;>890 GeV, WideJets 8 0 M, >890 GeV, WideJets
'—

o
@

b (1.8 TaV
10° (18TeV) 2 2o Tev)
b* (1.8 TeV) o E

P

7 (22 TeV)

o
w

I\IIIII|II |||| |II| rryreT rerryrTT
b

0.4 & Y NS
10 ( + 10" C N G(28TeV)
03 107 - © N seeTey) 107 e NN 2 @2 TeY)
0.2 10 ST TN Z (32TeV) . - 0
04 o £ 3 : 2 mg
R BT : oo =
Resonance Mass (GeV) = 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 S H38™iEa5"5555"55655" 5000 5500 4000 4800 5005 2500
Dijet Mass (GeV) Dijet Mass (GeV)
Observed mass
exclusions [TeV]
SSM Z’ [1.20, 1.68]
(f,,=0.2) See also CMS search for excited top pairs
RS G* (Wp=0.1) | [1.42, 1.57] (see bonus slides)
(fo,=0.1) , . .
See also ATLAS’ 7 TeV limits on b* -Wit,
o | b* [1.34, 1.54] Phys. Lett. B 721 (2013) 171-189
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Dijets with top-tagging

 All hadronic ttbar
o Jets: Cambridge-Aachen R=0.8
e 2 leading jets Top-Tagged
e |AYy|<1.0

CMS Preliminary, Vs =8 TeV. 19.6 ! |

C\T"'\
SQ 10° = —e— Data
[0) = [ 1 Non-Top Multijet
O - N sy
o —— 1 TeV RS KK gluon
S —— 2 TeV RS KK gluon
”“m“ = —— 3 TeV RS KK gluon
= -
g [ [
L 10

500 1000 1500 2000 2500 3000
tt Invariant Mass (GeV/c?)

eData driven multijet background

g/

[CMS-B2G-12-005]

05
04
03

02—

Fraction / (100 GeV/c?)

0.1F

[y

Model

Narrow topcolor Z’

CMS Simulation, |'s = 8 TeV.
=|_|_\l||ll_|'|l|\l|\|||_l|\|

sl iy 1 A i el i | ]
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

R e o
Z' (1% Width)
—1TeV
—1.5TeV
—2TeV

—3TeV ,
Narrow Z

{f Invariant Mass (GeV/c?)

Observed mass
exclusions [TeV]

[1.0,1.7]

Wide topcolor Z’

[1.0, 2.35]

Bulk RS gKK

[1.0, 1.8]
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qorV

Dijets with W/Z-tagging >ﬁ

\'

.JetS: Cambridge-AaChen R=0.8 % 10’1: - High PuritySingieIWflzlte;glcilalta‘ - =
0) - — Fit 7
« 1 or 2 leading jets W/Z tagged 87 N
= 10_3;_ c\:%ng gr_re;l\llmnary (19.8 fb )_;
o | An 1<1.3 Wz wiz 2 Inl < 2.5, |An| < 1.3 ]
) X X{ o 1045— CAR=0.8 _§
v . o 3 dwn
r;?""'_‘- 10-6;_ q* -> qW (3.0 Te\f),-' _;
S 10’ | e High Purity Double Wiz-tag data 4 - ' ]
o = : E il . 2F :
Q - T . . B [CMS-EXO-12-024] 8 & Ot T ™ g
2 7°F = Cre ™AW Iwrzdwrz 3 SI° “io00 7500 2000 2500 3000 3500
- i Dijet Mass (GeV)
_g 107 CMS Preliminary (19.8 fb™)3
S - s =8 TeV § Model Observed mass
© 104? QKRZL'S_’SMM <12 E exclusions [TeV]
o8 ;RS.:»WW (1.5 Te\..f“‘ _é q* - qW [1.0 , 3.23]
- . - qZ [1.0, 3.00]
10° T
- - SSMW’ - WZ [1.0, 1.73]
| o 2F :
48 o —=— - RS G* > WW [1.0, 1.59]
a 1000 1500 2000 2500 - 577 1.0, 1.17
Dijet Mass (GeV) (k/Mg=0.1) [ ]
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Singly produced resonances

- more t tbar (semileptonic)

Fabienne Ledroit Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC
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Semileptonic tt

2 analyses
=>» low/high mass coverage
transition at ~1 TeV

Resolved/threshold
= standard

[ATLAS-CONF-2013-052]

ner->

g/

[CMS-B2G-12-006]

. 1 /
/ i
-

Boosted

eless isolation

eless “small” and b-tagged
jet multiplicity

emore “wide” jets
ejet substructure observables

Observed mass exclusions (TeV)

Model

ATLAS 14 fb-1

CMS 20 fb1

Narrow topcolor Z’ [0.5,1.8] [0.5, 2.10]
I |I Wide topcolor Z’ [0.5, 2.68]
- Bulk RS g, [0.52.0] | [0.7, 2.54]

also leptonic tbhba: W’ (see bonus slides)
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Singly produced resonances

- more dibosons (all leptonic WZ)

Fabienne Ledroit Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC
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[CMS-EX0-12-025]

A l l le p t 0 n i C WZ [ATLAS-CONF-2013-015] X "

o +E;™ss and tbPa" analyses assumed BR(W’—WZ)=0 Z
«lower threshold than (W/Z tagged) dijet analysis

CMS Preliminary 2012
T T | T T T ‘ T T T | T T T | T T

ST T T T T I — T T 1
% 10% | 1 e Data -ZlZ"ZY | s} _"""I\ T T | | T
o F ILdt=196fb - a2 fi —— Expected 95% CL Limit
o 10t — I B Z+Jets & , MHl:i
S = s=8TeV [z — W' (1.0 TeV) =3 EGM W +26
- 3L — W' (1.5 TeV) ans —— W' EGM Cross Section
o 10 ?— ':S 1 E_ ~—— Observed Limit =
§ 10? ;E o ATLAS Preliminary :
t - \3:8TeVILdt:13.Ofb'1 1
IOE— il
. d L] :
" 1 -
1’ [+E,miss z=
107!
1 1 | 1 1 1
0 200 400 600 800 1000 1200 1400 1600
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Observed lower mass limits (TeV)

ATLAS 13 fb' CMS 20 fb-1 also semileptonic ZZ and WW:

, bulk RS G*
SSM/EGM W 1.18 1.45 (see bonus slides) W

EGM= Extended Gauge Model BR(W’—>WZ)=1-2%
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All leptonic WZ Il

Wf’
: W*  pr ﬂ;i
A

[ATLAS-CONF-2013-015] -
; _Hll[l'l'l‘llr]l_lrljl"”llllll"‘[lli‘r]”"" —~ T C\:M‘SlF)relllrr\"n?ry|20|12\ |":,|
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200 300 400 500 600 700 800 900 1000 1100 o (o — _
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i f
g 0.6 lm
i e [CMS-EXO0-12-025]
0.4
CDF 8.9 fb1 i
FUII dataset' : >0 10 150 200 Diiiis-?“ﬂss [GEWG:;?D Dmn
f = wimen D3(3-SM (MO DINSOH}: .
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[CDF Public Note 10973]
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250 3
Dilled-Mzcs [Seiie’]

(see also dedicated dijet+W/Z search in bonus slides)
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Pair produced resonances
- new heavy quarks

Fabienne Ledroit Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC
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New heavy quarks

o 4t generation chiral quarks: t’ - bW, b’ - tW
in bad shape... g EEETn

g 090999

o Vector Like Quarks (VLQ) predicted in many models:

E, GUT, UED (qxk), little Higgs (with T-parity), composite
Higgs (TC),...

e VLQ have more decays: Q - Hq, Q - Zq (FCNC)
- m(H)=125 GeV = known BR

e VLQ generally assumed to couple to third generation
BR(Q -~ Wq’) + BR(Q ~ Zq) + BR(Q ~ Hq) =1

Fabienne Ledroit Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC

31



Vector Like Quarks ¢ 1IN

 so far mostly searched in pair production
ex. up-type (T):

/ Unphysical
| tHEH

titH %
thZr tHtH, Wh‘t‘HH.:“xﬁ
L @Z{ f HEZ, Wiz

BR(T>H)

2Z 2o WhtZwows | Wbk
«two possible paths: dedicated or inclusive
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TT —> Ht+X [ATLAS-CONF-2013-018]

e at least one H-bb = bbWb+X

(X—==1 b, at least one W —lv)
e main background: ttbar+jets

e Hi= X |pg| (L+ E{™ss + all j)

£ 022 T
- C
0.2f
E [ ois=8TeV
g 018 — 7 HiHe
0,16 1T — ZtHt
oafp 1T = WhHI
F m, = 600 GeV
0.12f
0.1
0.08f
0,06
0,041~
0.02(

T T
ATLAS Preliminary (Simulation)

......

b M 0 I T T T el P 2 G
K 200 400 600 800 1000 1200 1400 1600 1800 2000

H, [GeV]

Fabienne Ledroit

E 100/~ ATLAS Preliminary ~ @+u 26 jets, = 4 b-tags
pt _]Ldt=14~ o —e— Data (15 = 8 TeV)
e I =i
5 s = i
T - —
D L
g = Whiets
0 Z+jets
60— I Diboszon
B Single top
l + E.miss E Mullijet
T E== Tot bkg unc.
+ 26j
(24 j,)
Eun_
oLoes
S 15t
s 1
g 0.5

0 200 400 00 800 100012001400 I!lIEH Q0
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Fabienne Ledroit

BR(T — Ht)

1

ATLAS Preliminary
Status: Lepton-Photon 2013

5 =8 Tev, ILdt: 1431

= =1 95% GL exp. exel —95% CL obs. XCL

| — T [ATLAS-CONF-2013-018]

M SU(2)(TB)doub. @ SU(2)singlet

m; = 650 GeV

08 1
1
/s m; = 850 GeV
08 °’6/
06 %'J
0.4
-
0.2
00 02 D‘d (JI QIE 1
BR(T — Wb)
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Inclusive BB, TT: same sign leptons

[ATLAS-CONF-2013-051]

3 channels ee, eu, up
main background: ttbar+V
He= 2 1pyl (L+ Ef™ss + all j)
counting experiment

3 . FATLASPreimnay [ia-tesw’ | ewchannel\s-8 Tev S _EATLASPreiminary| [La-1ean’  epchannels=8Tev
O 3.5 — b'-=Wt 800GeV C 7 — b'-=Wt 800GeV
g B o g o .
= 3 & --=- b>Wt 650GeV—] T BE -8 --=- b'->Wt 650GeV—]
L% 2.5;— -8~ Data —z ’g 52— -8 Data _i
oF | =% EaMism = W LE EaMmd 3
1 55_ LT Fakes - - Fakes E
: + ., miss =
' Dthz,fW{W) e l"" + ET Dch."W{W) B
IIII +> 2 i (Z 1 i ) wz/zz .
0.5 LR - J Jlb . s
et | f:; ..... o E DWW E
0 ........ ; .... S i O - I S — -"“'"_ """ -

0 100 200 300 400 500 600 700 800 0 200 400 600 800 1000120014001600180020002200
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ET"* [GeV]
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—_
fe] 1 1 ATLAS Preliminary
T & mg = 350 GeV A mg = 400 GeV T A mg = 450 GeV Status: Lepton-Photon 2013
08 Or, Oy, os[r g, P
T S " : " E=8Tev, jun: 14.3 fo
H
o 0.6 “ i 06| 2 == 95%CLexp. excl. == 08% CL obs. excl.
— N
o o« 04Tt D Same-Sign [ATLAS-CONF-2013-051]
m "y e . H .
0z ozl &
H H
L} v
o
00 02 04 06 08 0z 04 06 08 DO 0z 04 06 08 .
M SU2)(B,Y)doub. @ SU(2) singlet
1 1 1 s
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Also chiral b’ interpretation
= ATLAS Preliminary
tatus: Lepton-Photon 1
I Status: Lepton-Photon 2013
T E=8TeV, det:m.sm“
|_ = =1 95% CL exp. excl — 95%, CL obs. excl.
il
o [ — TR [ATLAS-CONF-2013-018]
m [ same:Sign [ATLAS-CONF-2013-051]

M SU(2)(TB)doub. @ SU(2)singlet
1

m; = 500 GeV A m; = 600 GeV
016/ 08
0%

<
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0.6
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0.2
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0.8 O 08 9,
"% o
', e,
06 ? 08 ?
0.4 04
. ]
0.2 0.2
0 s s . s 0 s s . s
0 0.2 04 06 08 1 02 04 0.6 0.8 1 0 04 06 0.8 1

Another interpretation in T;,;T5,; by CMS, see backup BR(T — Wb)
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BB, TT: the full picture

Two more analyses: BB, TT —» Zb+X, Zt+X, TT — WbWb
(see backup)

BB

BR(B — Hb)

—_ )
- ATLAS Preliminary
1 1 ATLAS Internal I Status: Laplon-Bhatan 2013
mg = 350 GeV T £ mg = 400 GeV Status: Lepion-Pholon 2013 :
o8 8 . T V5 s 8 Tew ILM 143
V5 =8 Tev, j’Ldl: 193
- R CLatp e 9% Lo, ducl
06 & == 2% Clexp. #aol — 5% CL oba. exel S
) x
o o T rr— &
o2 0z
Dznml Tas conF 2ot 0]
o 0
Tz oA 06 o8
¥ SUIZ)(B.Y]coub. @ SU)singlet
1 1o
mg = 500 GeV mg = 650 GeV
06 FNG 0 t»«%a 08 - %
Y
o8 | "._ e os [
» b .
04 04 e o
B -
oz 0z % 02
' b . ' . ' b .
wz 04 08 08 DI v& 0k 0B Tz 04 06 08 Tz 04 06 0%
' 1 1
s £, mg =700 GeV . &, mg =750 GeV “‘% mg = 800 GeV s -, my, = 850 GeV
i » »
04| 04 o4 |- 0l
- -
vz . Bt 0z - 0zl . vz -
B [ ¥ R TR Yooz ToE e s " [ T T a— Ll m—

"BR(T > Wh)
Combination will be more powerful than simple superimposition
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Inclusive TT

e T—bW, tZ, tH = TT: 6 combinations,
1 W—lv, 1 W—qq (boosted or not)
ejets: 2 clustering algorithms

[CMS-B2G-12-015]

ol + ETmiSS + > 4j or > 3 J (21 Jw)

e also 2l (with >1 j,) and 3l channels

CMS preliminary ¥s=8 TeV 19.6 fb™!
L. A5
= 10 . . + data
210 ut=3 jets/=1 W-jet [[] other backgrounds
\ Kid
10 uncertainty
102 o TT 800 GeV (x100)

Pull

jet mult., b-tag mult., Hy, E;™ss,
lepton py, p_l_(3rd and 4th j) /

Fabienne Ledroit

iscriminant

>

on both sides

=anti-k; R=0.5
=Cambridge-Aachen R=0.

CMS preliminary Vs=8TeV 19.6 fb™

BR(bW)
1

1

BR(tZ) BR(tH)

also inclusive BB analysis
(see bonus slides)
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Other signatures
- mono-jets, mono-W
- black holes

Fabienne Ledroit Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC
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e X =gluon, photon, W, Z, ...

e many interpretations

supersymmetry

large extra-dimensions (ADD): yybar=G*

Dark Matter: y = Weakly Interacting Massive Particle (WIMP)

e main backgrounds: Z- vv, instrumental
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Mono-jet
o Jet: anti-k; R = 0.4 (ATLAS), 0.5 (CMS)
e E.miss > 350 GeV (ATLAS), 400 GeV (CMS)

[ATLAS-CONF-2012-147]

[CMS-EXO-12-048]

= = —e— data2012
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= 10° _[Lﬂl=1°-5fb' — ;vtq _,“.;. J;‘;tjets 1 O fb_1 o CMS Preliminary [ ] ww
= [ ] =+ 11} + jets _— = =
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IIIII
1.5

also Unparticle interpretation
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MOnO-jet « Dark Matter interpretation (Dirac fermion)

[ATLAS-CONF-2012-147]

10 b

[J. Goodman et al., arXiv:1008.1783]

T
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£58 Expocted limit (£ 12 20}
— Observed limit (+ to,,.)

.._.
8 &
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w
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§ 8
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ILdt =105k 7

, Mot yad

”102

10°

Lower limits on
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T T T N T e |

D8 = axial vector

WIMP mass m, [GeV]
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A [GeV]
2
s

300

[CMS-EXO-12-048]

. CMS Preliminary

- — CMS 2011 Axial Vector

T T T T T T T T

s =8 TeV
Ldt=19.5f"

— CMS 2012 Axial Vector

300

1 10
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Vs =8TeV
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— CMS 2012 Vector
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[CMS-EXO-12-048]

Mono-jet

e Dark Matter interpretation:
upper limits on WIMP-nucleon cross sections

|—|10'27_| T T T TTI7T] T T T TTrTT] I ! .—.10'27
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e Wolv

e W’ re-interpretation
CMS Preliminary u+EM™* [Ldi=20f" is=8TeV
e W B

[ov Boco
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[[oiboson - cata

[CMS-EX0-13-004]
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Also limits on Dark Matter-nucleon cross sections
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[ATLAS-CONF-2013-073]
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B la C k H O le S [ATLAS arXiv:1308.4075] [CMS JHEP07(2013)178] -

o at least 2 jets
e 10 multiplicity bins (up to >10)

CMS Vs =8 TeV L=121fo’

e at least 2 same charge muons
« track multiplicity > 30

10%g
3 f

s ; : Multiplicity N 4 \
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Similar limits for non rotating black holes Also limits with Charybdis mode Mo (V)
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Summary

« LHC 8 TeV data analysis now well developed,
but no hint of new physics yet...

e Probing higher and higher masses
- must continue probing low masses— weak couplings

e More model-independent interpretations
to come

- also think of combinations for dedicated models
e Tagging of boosted object established
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Outlook

[James Stirling, Cavendish Laboratory, Cambridge University]

WJS2013

100 ——r— .
L | |
ratios of LHC parton luminosities: 13 TeV / 8 TE|V
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Outlook

[ATLAS-CONF-2013-003]

L

' ATLAS Preliminary
(Simulation)
L dt = 3000 fb™

Events / 400 GeV

T T | T T T T
Iti

W+jets

[CMS: Markus Klute @ open LHCC, Sep 25, 2013]
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more studies done at CSS2013 (Snowmass on the Mississippi), see bonus slides
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Conclusion

tay tun-d!

Complete information:

e https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults

e https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
e https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
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8 TeV limits Black: 20 fb-! Grey: 14 fb-

Channel

[0.5,1.90]
CMS 2.96 [1.20,1.68] | [1.20,1.68]

SSM W’ Channel [+E ™S jj tbbar WZ-Wlv  WZ - JJ

(no
interf.) [0.5,1.84]

[TevV] KI5 3.35 |[1.20,2.29] | [0.8,2.03] | 1.45 |[1.0,1.73]
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8 TeV limits Black: 20 fb-! Grey: 14 fb-

Channel semileptonic ttPa  hadronic ttbar

topcolor Z 10.5,1.8]

(narrow)
[TeV] CMS [0.5,2.10] [1.0,1.7]

Channel
q* ATLAS [1.5,3.84] |[1.0,3.48]
L&A
CMS [1.2,3.5] [1.34,1.54] | [1.0,3.23] | [1.0,3.00]
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8 TeV limits Black: 20 fb-! Grey: 14 fb-

ATLAS 2.47

CMS [1.20,1.58] | [1.42,1.57] [1.0,1.59] [1.0,1.17]

Channel semilept. WW semilept. ZZ

[0.35,0.71] kM, =1.0
CMS - [0.6,0.85] Kk/m,=0.5

Bulk RS G*
[TeV]

Channel semilept. hadronic

Bu lk RS ttbar ttbar

Suc [TeV] PNV [0.5,2.0]
k/M,=1.0

CMS [0.7,2.54] | [1.0,1.8]
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L e p t O n i C t b [ATLAS-CONF-2013-050] [CMS-B2G-12-010]

W’: > lv suppressed if v; heavy

P better mass reconst ruction CMS Preliminary, 19.6 fb™ at Vs = 8 TeV
= B L B L L B U U SRS
sl etjetsN, =1 B+ singetop,
‘_. 108 \II‘\\\ll\\|I\I‘\\Il\\\‘ll\‘\\ll\\\‘\ll__ > 10 ; btﬂ !:VV'RZZU,Z,;=1.I3|'TE\\'{V§
mi = 3 r == W X 20, m=20TeV
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= 10 A [ IWL(15TeV) = F —m W x20,m=3.0TeV
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2 jets 2 b-tags [ Z+jets, dibosonsJ 5] r N
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o g E

A ‘ 10" il
4 I = [S) .
g —2 i 01'-1"""'-""""1["'!""-".-. i ]
1 ﬁ_2|||\\\||||H\|||||\\|||||H|||||\\\||\
E © 500 1000 1500 2000 2500 3000 3500 4000
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E T 2 -."'I ‘ll'll'll\ﬂl
8 oS ] 22 J (21 Jb) 0.8F
-1 08 -06 -04 02 0 02 04 1 = |
| |
- 0.6- .
Observed mass exclusions (TeV) _ .
0.4 -
Model CMS 20 fb"! ATLAS 14 fb"
0.2 - Invariant Mass Analysis
’ | 5% CL Observed B
b we [0.8,2.03] [0.5,1.84] oo LIRSS
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m(vg) < m(W’)
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7

Semileptonic ZZ, WW

[ATLAS-CONF-2012-150] [CMS-EX0-12-022]

CMS Preliminary. 1.5 ot i5 = TeV. Wy ey HP

8 1'2_'"'A'T‘L;4'S'II3".'I.'"I"'l"w---|---|<--|-w; .2 analyseS: .W+jets -wwmz.rzz
& L rellepineny Z— up Channel ] T @ Osingte Top
&1 vs=8Tev det: gpmt T - -resolved and = o oa EE] Uncerainty
< r —=~— Resolved Signal Region _: O - " Bulk Graviton M=1.5TeV k=0.2 (x100)
0'82 —e— Merged Signal Region J ] merged (ATLAS) 8 i a
0.6:—uu .j ““ —: . . : eer
: -low/high purity >
i E =
ook : (t1,) merged (CMS) 2 WE
0S80 "500 500" 1006'72001400 1600 1800.3060 1= - ‘1000: T 3.50 son T 5000
Myn(G) [GeV] My (GeV)
1 . [CMS-EXO-12-021]
!{‘-_ “’f CMS Preliminary, 19.5 fb” at Vs=8TeV, e+u combined
L L L L L L L L L L L L |
L. . . i 7 Expected ]
«Fermionic couplings possibly suppressed 1E B Eecied <
. E xpected, £ 2g 3
N 2., = |
Observed lower mass limit (GeV) £ T Expecied, cross.check method
I:‘);:am&
bg B
- e E
{BulkRS G*»ZZ | [350,850] | [600,710] : i
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Fabienne Ledroit Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC 56




Dijet associated with W/Z

» Look for a low mass dijet resonance

e pr > nyWorn: Z (py, nycharged or neutral)

x1€l’

100~

Entries / 10 GeV

50—

Data/Bkg
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de: =203’

Fis w8 Tey

| ATLAS Preliminary
W= lle, ulv + 2 2 jels

—— —
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lesingle-t .
— pr-:lDO_l « W w2400 M10

— 2RO — W Ry 1600 X10
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jj (HE;m)
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[ATLAS-CONF-2013-074]

=

X'=pr, X=Ty

pr > Wmnp
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Lepton plus photon

ey pairs / 50 GeV

eey /100 GeV
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"ATLAS | e Damzotz 7
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[ATLAS NJP 15 (2013) 093011]
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Second generation leptoquarks &
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M [GeV]
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Also 1% & 3~ generation LQ searches, see e.g. 7/ TeV search

[CMS-EX0-12-042]

e Very low background

B=BR(LQ~pj)

R T

. - — —_ 71
CMS Preliminary Is=8TeV 196 fb

7 T T § T T | T T ]
i ]
B 5 .
0.9¢ =
B ]
L REQRES .
08k R0 —
0.7 -
065 =
0.5¢ -
0.4 05% CL limits ]
E m— CMS pujj + i (Obs.) |4
0.3¢ wen CMS pyj + pvjj (Exp.)
E — CMS pvij (Obs.) .
02 --- CMS pvijj (Exp.) 1
L — CMS pyjj (Obs.) ]
B --- CMS puijj (Exp.) 7
0.1 CUATLAS, 7 TeV, 1.03 b
| EECeMs, 7TTev, 5.0 5" |
L1 1 o T T

600 800 1000 1200
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ATLAS: arXiv:1303.0526, submitted to JHEP; CMS: JHEP 12 (2012) 055 & PRL 110, 081801 {2013)
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Semileptonic t+jet pairs sz

e main background ttPar (+

CMS Prellmlnary 2012 19 6 fb! (s=8TeV

o~ T T \.\ T ‘ | | ‘ | T T ‘ ]

“>(2 = . — Fitting function .

8 10°E P Fitting uncertainty -

) E * Observed data ]

P : Wt Signal (M_=750 GeV) -

£ L _

e electron channel
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1
| 1 | 11 ‘ |
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= 7 jets)
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450 < m(t*) < 794 GeV excluded in specific model

See also PRD 86, 091103 (2012) (ATLAS for a 7 TeV search for ttb2+j with different interpretations
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Not shown

- non-resonant dileptons/dijets, heavy neutrinos, multilepton general
search, long-lived particles, displaced jets and leptons, out of time jets,

jet extinction, ...
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Bonus

Summaries
- 8 TeV limits by resonance

More signatures
-leptonic t bbar
-semileptonic ZZ/WW
-dijet associated with W/Z
-lepton plus photon
-leptoquark pairs
-excited top pairs

More information
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Parton luminosities
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Dileptons Q
«Simple final state, easy to interpret
«Numerous interpretations possible ' E

Observed lower mass limits (TeV)

Model ATLAS (7 TeV)

zZ* 2.20
m(pr)=m(mr)+my | LSTC py 0.85
MWT M, (g=4) 0.77 [ATLAS, EPJC 72 (2012) 2244]
Zy/1kx (interference/ 4.16 / 4.71 = OE Dlmtengetoroend | Y
resonance dominant) i Limit range (expected) 8
TS (175=0.2) 2.29 [ Eiini (EKpaotEd) )
- —eZ,)

..... el Z'B_L) (expected)

Minimal Z’ Model

107

e Towards limits with
less model-dependence

ATLAS

\s=7TeV

2l

|.L|.l:J Ldt=501fb", ee:I Ldt=491b"

(also CMS limits in c,c4 plane with CDDT

parameterization) (cys phys. Lett. B 714 (2012) 158] 02 04 06 08 1 12 14 ‘1.5"'1.}5\:"I ‘ 2 \?].2
Zik O
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Digression: older dijets results

gB

Fabienne Ledroit

[Dobrescu and Yu, arXiv:1306.2629 ]

e Theoretical framework allowing direct comparison

between searches at different colliders or CM energies:
L’ coupled to baryon number or coloron

uuuuuuuuuuuuuuuuuuu
I
1
1
1
1
\ .
t&[ ]
UA2 '|
1
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Older dijets results

Expt. Year Axigluon Excited w’ A Eg String
or Coloron Quark Diquark
(TeV) (TeV) (TeV) (TeV) (TeV) (TeV)

UA1l 1986 0.13-0.28 — — — — —
UA1l 1988 0.15-0.31 — — — — —
CDF 1990 0.12-0.21 — — — — —
UA2 1990 — — 0.10-0.16 — — —
CDF 1993 0.22-0.64 — — — — —
UA2 1993 — 0.14-0.29  0.13-0.26  0.13-0.25 — —
CDF 1995 0.20-0.87 0.20-0.56 — — — —
CDF 1997 0.20-0.98 0.20-0.52  0.30-0.42 — 0.29-0.42 —

" " 0.58-0.76 — — —
DO 2004 — 0.20-0.78  0.30-0.80 0.40-0.64 — —

......CDE_ 2009 0.26-1.25 0.26-0.87 __0.28-0.84 __0.32-0.74_ _  0.29-0.63 ___0.26-1.4_ _________

ATLAS 2010 — 0.30-1.26 — — — —
CMS 2010 0.50-1.17 0.50-1.58 — — 0.50-0.58  0.50-2.50

" " 1.47-1.52 0.97-1.08

§ " 1.45-1.60
ATLAS 2011w 0.60-2.10 0.60-2.15 — — — —
CMS 2011 1.00-2.47 1.00-2.49  1.00-1.51 — 1.00-3.52  1.00-4.00
ATLAS 2011s 0.80-3.32 0.80-2.99 — — — —

Fabienne Ledroit
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Boosted jets and top or V-tagging

,--3

BOOSTED
REGIME

m,, < 500 GeV 500 GeV < m,, < 1 TeV m,, > 1TeV

V
”
Moderately boosted V| Boosted V, - Boosted V, jet merging,
Resolved dijets _ jet merging ~Jet substructure analysis

recovers initial information
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Boosted jets: N-subjetiness

N-subjetiness: topological compatibility with N subjets

Ty = pr Weighted sum over jet constituents of distances
to closest subjet axis:

1 . ;
Tﬁd—z Pr mlnlARl,kJARE,R!“‘JARN,H
0 k

In practice, use ratios: 1,, =1, / 1, <<1 if 2 subjets
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Boosted jets: splitting scales

d;;: last splitting scale of a ky algorithm

d.:min(p2'.p2 ')ARﬂj gﬂ_ﬂﬁ_”.l... T T [T T T[T T T[T T T [T T T [ TT T [TTT
i T,i* FT,j R2 E - ATLAS work in progress .
0.05 d,, distribution Elsetron Channel .
E = Zprima & 1.6 TeW -
= B — tthar _
8004 beny ~
- s F ]
\ € oo3fy, |l =
c < Y .
o - dﬂ ]
d,, £ | 0.02 -
¢ Q .
= 3
o 001 ~
g ]
= i ] 1[]1

|
| hEn Ll 1 S T R T e Jh
q] 20 40 60 80 100 120 140 160 1Hﬁ
SPLIT12 (MeV)

d,, is a probe of the t-> Wb decay

Common issues: sensitivity to pile-up =» jet grooming techniques:
filtering, trimming, pruning
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S e m i le p t 0 n i C t‘E [ATLAS-CONF-2013-052]

2 lep. flavours x 2 had. selections (
= 4 independent channels

e “mini isolation”:

Resolved

L+ 23 (21y)

miss
+ ET

j: R=0.4

Fraction of events / 50 GeV

em(W), m(t)
constraints

em(ttbar) from
combination
with smallest 2

eresolution ~7%
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<5% p1, cone size 10/p;[GeV]
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S e m i le pto n i C t'E [CMS-B2G-12-006]

CMS Preliminary, 19.6 fb", Vs =8 TeV

7
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ZZ-tagged dijet

— RS1

c

MS Preliminary, 19.8 fb'1, /s = 8TeV
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CMS Preliminary, 19.8 fb’, s = 8TeV
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Vector like quarks

e isospin singlets or doublets

Branching Ratio

0.8

0.6

0.4

0.2

Fabienne Ledroit

(T.B) or

S22y Singlet (#.T) Doublet

300 400 500 600 YOO BOD 900 1000

m, [GeV]

Branching Ratio

[del Aguila and Bowick, NPB224 (1983)107]
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—B Wt e B — Wt —B =Wt
— B - B — b i
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[Protos, http://jaguilar.web.cern.ch/jaguilar/protos]

Séminaire du LPNHE — 26 septembre 2013: Exotics direct searches at the LHC

74



BB,

Fabienne Ledroit

Fraction of entries / 50 GeV

TT: Z b ol X , Zt s X [ATLAS-CONF-2013-056] tHH <

L1
reconstruct one side

H=2 |p;| (all j) > 600 GeV
main background: Z+(b-)jets
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. - 1 ATLAS Internal
= 400 GeV Phoian 2

Status: Lep
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TT — WbWb

e same final state as ttPar!
e semileptonic channel:
Wlep_’lv’ Whad_>qq

e W,_4 resolved or boosted

e Hi=3 |py| (L + E;™iss + 4
> 800 GeV

» MiN(AR(Wy0,b1 ) > 1.4,

min(AR(l,b; ;)) > 1.4

«Veto events with 26j (21 j,)
=> no overlap with TT —Ht+X

tH
[ATLAS-CONF-2013-060]

_BR(TSH)

ezl

N e

e L
thZ'— tHtH, Wth
4 tHIZ, Wbtz 3.

Unphysical

Also chiral t’ interpretation

Fabienne Ledroit
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Inclusive BB ©smu i

» V=W/Z/H, V-lv, V—qq (boosted) .
. . ) =anti-k; R=0.
» jets: 2 clustering algorithms > L1 o chen R=0.8

ol + E;MSS +>4] (21 jb, 21 jy) +V-tagging efficiency ~50%
e 5= X |prl (L + E{™ + all j)

CMS Preliminary 19.8 fb”, /s =8 TeV
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1
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e Very low SM background!

Events

Fabienne Ledroit
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D k t t Name | Initial state Type Operator

a r m a e r D1 qq scalar IEXXTY
D5 qq vector +ri XqVuq
D8 qq axial-vector -ﬂlq- XY XY g
D9 qq tensor —}q X' xqo g
D11 qq scalar ﬁ; Yxas(Gy, )2

e G. Busonia, A. De Simonea, E. Morgantec, A. Riotto

- “On the Validity of the Effective Field Theory for Dark Matter
Searches at the LHC”, arXiv:1307.2253v1

- Derive stronger bounds than currently used by LHC experiments

« New models:
- A. DiFranzo, K. |. Nagao, A. Rajaraman, T.M.P. Tait,

« “Simplified Models for Dark Matter Interacting with Quarks”,
arXiv:1308.2679v1

- S. Chang, R. Edezhath, J. Hutchinson, and M. Luty,
o “Effective WIMPs”, arXiv:1307.8120v1
- Yang Bai and Joshua Berger,

e “Fermion Portal Dark Matter”, arXiv:1308.0612v2
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D a r k m atte I" ( m 0 n 0 = W ) [CMS-EXO-13-004]  \TLAS-CONF-2013-073]
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D a r k m atte I" ( m O n 0 = W ) [CMS-EXO-13-004]  \TLAS-CONF-2013-073]
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B la C k H O le S [CMS JHEPO07(2013)178] -

e at least 2 jets
e 10 multiplicity bins (up to >10)
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Outlook

Pair produced VLQ (BB)

E.W. Varnes, arXiv:1309.0788
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CSS2013 (Snowmass on the Mississippi)

14 TeV,
3000 fb1,
20% syst. unc.

Mono-X - Dark Matter

N. Zhou et al
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