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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: March 2016 fL dt = (3.2 - 20.3) fb~! V5=8,13TeV
Model ¢y Jetst ET* [ratm) Limit Reference
ADD Gk +g/q = >1j Yes 32 6.86 TeV Preliminary
ADD non-resonant ££ 2epu - = 20.3 n=3HLZ 1407.2410
ADD QBH — ¢q Tenu 1] = 20.3 1311.2006
ADD QBH & 2j o 36 8.3 TeV 1512.01530
ADD BH high 3, pr >leu >2j - 3.2 8.2 TeV , Mp = 3 TeV, rot BH ATLAS-CONF-2016-006
ADD BH multijet - >3] - 36 9.55TeV.  n=6, Mp=3TeV,rotBH 1512.02586
RS1 Gk — ¢ 2epu - - 20.3 k/Mp; =0.1 1405.4123
RS1 Gkk — vy 2y - - 203 M 1504.05511
Bulk RS Gkx —» WW — qqtv lep 1J Yes 32 |Gy mass 1.06 TeV ] ATLAS-CONF-2015-075
Bulk RS Gkx — HH — bbbb = 4b = 3.2 Ggk mass 475-785 GeV k/Mp = 1.0 ATLAS-CONF-2016-017
Bulk RS gkk — tt leu >1b,>1J2 Yes 203 BR =0.925 1505.07018
2UED / RPP leu 22b,24j Yes 82 Tier (1,1), BR(A®MY — t1) =1 ATLAS-CONF-2016-013
SSM Z' — ¢ 2en — - 3.2 3.4TeV ATLAS-CONF-2015-070
SSM Z" - 17 27 = = 19.5 1502.07177
Leptophobic Z’ — bb i 2b = 3.2 1.5 TeV Preliminary
SSM W’ — ¢v len = Yes 3.2 | W mass 4.07 TeV ATLAS-CONF-2015-063
HVT W’ > WZ — qqvv model A Oe,pu 1J Yes 3.2 W’ mass 1.6 TeV gv=1 ATLAS-CONF-2015-068
HVT W’ — WZ — gqqq model A = 2J = 3.2 W’ mass 1.38-1.6 TeV. ev=1 ATLAS-CONF-2015-073
HVT W’ — WH — tvbbmodelB  1e,u  1-2b,1-0j Yes 3.2 1.62 TeV gv=3 ATLAS-CONF-2015-074
HVT Z’ - ZH — ywbbmodel B Oe,p 1-2b,1-0j Yes 3.2 1.76 TeV gv=3 ATLAS-CONF-2015-074
LRSM W — tb Teu 2b,0-1j Yes 20.3 1410410
LRSM W — tb Oe,u >1b,1J = 20.3 g
]
Cl 9qq z 2j - 35 |m 175TeV! mi=-1 |
Cl qqe¢t 2ep - - 32 | 231 TeV
Cl uutt 2e,u(SS) 21b,1-4] Yes 20.3 ICul=1
Axial-vector mediator (Dirac DM) O e, i >1j Yes 32 |ma 1.0 Tev 84=0.25, =10, m(x) < 140 G@“\
Axial-vector mediator (Dirac DM) O e, u, 1y 1j Yes 3.2 ma 650 GeV £4=0.25, g,=1.0, m(x) < 10 GeV n
A s in ===~ searches with null
Scalar LQ 1%t gen 2e >2j - 3.2 LQ mass 1.07 TeV B=1
Scalar LQ 2™ gen 2u >2]j - 3.2 | LQmass 1.03 TeV B
Scalar LQ 3" gen leu  21b,23] Yes 203 B=0
VLQTT - Ht+ X leu 22b23) Yes 20.3 Tin (T,B) doublet
VLQ YY - Wb+ X Te 21b23] Yes 203 Yin (B.Y) doublet resu ts so ar
VLQ BB - Hb+ X Teu 22b,23j Yes 20.3 isospin singlet
VLQ BB — Zb+ X 2/>3eu  22/21b - 203 Bin (B,Y) doublet
VLQ QQ - WqWq 1eu >4j Yes 20.3 1509.0426
Tsj3 —» Wt leu 21b25] Yes 20.3 1503.05425
Excited quark g* — qy 1y 1j = 3.2 4.47TeV only u* and d*, A = m(q") 1512.05910
Excited quark ¢* — qg - 2j - 36 5.2TeV only u* and d*, A = m(q") 1512.01530
Excited quark b* — bg - 1b1j - 3.2 Preliminary
Excited quark b* — Wt 1or2e,u 1b,20j Yes 20.3 1510.02664
Excited lepton ¢* 3eu - - 20.3 1411.2921
Excited lepton v* 3epmt - = 20.3 1411.2921
LSTC a7 — Wy Tepuly - Yes 20.3 1407.8150
LRSM Majorana v 2epu 2j - 20.3 m(Wg) = 2.4 TeV, no mixing 1506.06020
Higgs triplet H — ¢¢ 2e,u(SS) - - 20.3 DY production, BR(H* — ¢£)=1 1412.0237
Higgs triplet H** — ¢r et - - 20.3 DY production, BR(H;* — ¢7)=1 1411.2921
Monotop (non-res prod) e 1b Yes  20.3 Bnonres = 0.2 14105404
Multi-charged particles - = = 20.3 DY production, |g| = 5e 1504.04188
Magnetic monopoles - - 7.0 DY production, |g| = 1gp, spin 1/2 1509.08059
PR | L P R S | L L P
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*Only a selection of the available mass limits on new states or phenomena is shown. Lower bounds are specified only when explicitly not excluded.
‘+Small-radius (large-radius) jets are denoted by the letter j (J).




Effective theories: bottom-up

Effective Lagrangians: model-independent description of
new physics in the presence of a mass gap

Truly global fit to new physics now possible (EWPD plus
LHC data -Higgs and otherwise-)

Ciuchini, Franco, Mishima, Silvestrini ('13); Blas, Chala, J.S. ('13, ’15); Pomarol, Riva ('14);
Falkowski, Riva ('15); Buckley, Englert, Ferrando, Miller, Moore, Russell, White ('15); Berthirer,
Trott ('15), ...

Map experimental (pseudo)observables to the Wilson
coefficients in the effective Lagrangian to obtain all the
experimental information in a model independent way

Efforts to extend to NLO already on the way (see Passarino
and GomeZ-Ambrosio’s ta|k) Ghezzi, Gomez-Ambrosio, Passarino, Uccirati ('15),

Hartmann, Trott ('15), David, Passarino ('15),
Boggia, Gomez-Ambrosio, Passarino ('16) ...



Effective theories: top-down

* A complementary approach is to consider specific UV
completions
L(¢, D)

* Correlations among Wilson coefficients
in specific models (eventually Matching

observable in data) E  Leg(o,u= Ms)
« Give up model-independence? Not if L RGE

all models considered l
Leﬂ"(¢7 H = Ee:cp)

* Goal: Generate a UV/IR dictionary (map all possible UV completions
of the SM to the Wilson coefficients of the SM effective Lagrangian)




“matching

« Matchmaker: automated one-loop matching in effective
theories

* Spin-offs

 Conclusions and outlook
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o oo (5) (o) (V) (1

isospin 0 0 1/2 1/2
hypercharge | 2/3 —1/3  1/6 7/6

Leptons

Notation

SU(2), ® U(1)y 2 32
Spinor i Dirac Dirac or Majorana

Vector S W}, G, g}l{
Irrep — (1,1), (1,Ad)), (1L, Adj); (Adj,1), (Adj,1); (Adj, Adj),

Vector U} o X, V! A
Irrep (3,1) (3,2) (3, Adj) (6,2) (6,2)_

2 _5 2 1
3 G 3 G

Colorless S S
Scalars

Trrep (1,1), (L1), (L,1), (1,2) (1.3)4

New Scalars:

Colored w1 wo Wy 11y 117 ¢
J. Blas, M. Chala, M. Perez- Sealars
Victoria, J.S., JHEP (15) pee G0 O B0 By 6 69y
DL T o - b _ Colored 0 Qs Qy T [0}
' e Scalars
@RS Trrep (6.1); (612 (61): (63 (82),
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* Only a subset of the representations in the previous list
contributes




One-loop UV/IR dictionary

Many contributions to the effective Lagrangian can be only
generated at the quantum level

Even contributions that can potentially arise at tree-level
only appear at loop level in specific models

The dictionary should be extended to one loop if we want to
account for these cases

The number of possibilities increases dramatically:
automation seems compulsory



Functional methods and matching

* An interesting attempt has been recently made using
functional methods Henning, Lu, Murayama (14); Gaillard ('86); Cheyette ('86)

* There has been a great deal of developments in the last

year: Henning, Lu, Murayama ('14);
Drozd, Ellis, Quevillon, You ('15)

* Initial attemps were not complete in the case of linear couplings to
heavy states F. Aguila, Z. Kunszt, J.S. ('16)

* The missing terms are local and can only be recovered by matching,
which can be performed diagramatically Anastasiou, Lazopoulos, J.S.

or by functional methods Henning, Lu, Murayama ('16);
Ellis, Quevillon, You, Zhang ('16)



MatchMaker: automated matching in
effeCtlve theOrleS C. Anastasiou, A. Lazopoulos, J.S., in progress

* We are developing an automated tool to perform tree-level
and one-loop matching of arbitrary theories into arbitrary
effective Lagrangians

* Based on standard, well-tested tools (FeynRules, QGRAF,
FORM, Mathematica, Python)

* Flexible (from full matching to specific operators), fully
automated and general

* Unified treatment (effective theory just another model)

* Off-shell matching with (initially) massless particles in the
effective theory (e.g. unbroken phase of the SM)



MatchMaker: automated matching in
effeCtlve theOrleS C. Anastasiou, A. Lazopoulos, J.S., in progress

* Model Implementation: FeynRules. Feynman rules are
automatically computed and the QGRAF model written.

* A Python engine runs QGRAF to generate Feynman
diagrams and compute the amplitudes. Amplitudes are
automatically manipulated with FORM.

* The FORM code performs the corresponding Dirac algebra,
momentum expansion, partial fractioning, ibp identities, ..., to
obtain the amplitude in a useful form

* The FORM output is fed into Mathematica to perform the
actual matching



MatchMaker: automated matching in
effeCtlve theOrleS C. Anastasiou, A. Lazopoulos, J.S., in progress

e Some issues we have to deal with:

- Generation of redundant and evanescent operators
- Treatment of 75
* Cross-checks:

- Gauge invariance
— Cancellations of IR divergencies

— Comparison with known examples



MatchMaker: automated matching in
effeCtlve theOrleS C. Anastasiou, A. Lazopoulos, J.S., in progress

e Status:

* First version: SM effective Lagrangian

— Bosonic operators: finished
- Two-fermion operators: almost finished
- Four-fermion operators: in progress

* Expected time-line:

— First complete version: spring 2016
— First public version: summer 2016
— Second version with extended matching: end 2016



MatchMaker: automated matching in
effeCtlve theOrleS C. Anastasiou, A. Lazopoulos, J.S., in progress

e Bonus:

* As a by-product of our method we will obtain an
iIndependent calculation of the:

- SM effective Lagrangian RGE, from the UV
divergencies of the effective theory calculation (which
can be related to the IR divergencies of the full theory
side calculation)

- Translation between arbitrary operator bases
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* Computed in an EFT approach (3 steps)
- Matching at M

- Running to m,

- Matching at m,
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* Summary:

The goal is to complete the UV/IR dictionary: direct map
between UV theories and experimental observables

The tree level dictionary is complete

Automated calculation of one-loop (and tree-level) matching
conditions is well advanced

MatchMaker: General, fully automated and flexible code to
match arbitrary models to arbitrary effective Lagrangians

The ultimate goal is to use the code to classify and compute
the complete one-loop dictionary between UV completions
and the SM effective Lagrangian
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