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Large ED (ADD) : moncphoton +E, T miss
Large ED (ADD) : diphoton & dilepton, m.,
UED : diphoton + E,
§'Z, ED : dilepton, m"
Rs1: dilepton, m
RS1 : WW resonance, m”.h
Bulk RS : ZZ resonance, m,
RS g, — 11 (BR=0.925) : t — I+jets, m
ADD BH EM w IM=3) . 83 dimuon, N, m
ADD BH [M /M ,=3) : leptons + jets, 'Fpr
Quantum black hole (

qgll CI : ee & ].Lj.L
: S8 dilepton + jets + E

(
z (SSMJ m..
Z' (leptophobic topcolor) : tE— [+jets, m,
W' (SSM): Jl'ar:T,,,,’l
W (—=tq, g =1): my,
(— tb, LRSM) : m

Scalar LQ pair (#=1) : kin. vars. in eellre\r”m

Scalar LQ palr. ; kin. vars. II‘I].L].LJ_| i

, 4"g neration : 't — WbWh
4th generation : b'b" — SS dilepton + ]els + E-,r s

Vector-like quark : TT— Ht+X

Vector-like quark : CC,m,, .

Excited quarks : dijet resonanc:e J"i'ii
Excited b quark : W-t resonance, m,,,

Excited leptons : |-y resonance, m

hadrons {LSTC) : dilepton, m,
Techni-hadrons (LSTC) : WZ resonance (ivIl), m

Major. neutr. (LRSM, no mixing) : 2-lep + ]ElS

Heavy lepton N* (type Ill seesaw) : Z-l resonance, m,,
(DY prod., BR{H’Li—)II] 1) : S5 ee (uu), m }
Color octet scalar : dijet resonance, my
Multi- charged particles (DY prod.) : hlghl;‘r |c-mzmg tracks
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ATLAS Exotics Searches*

- 95% CL Lower Limits (Status: May 2013)
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Interpretation of null results

 In the absence of any significant excess we
would like to interpret the results in the most
general possible way

« Effective Lagrangians: model-independent
parameterization with minimal assumptions

- Light degrees of freedom and symmetries identified
- (Large enough) mass gap between experiment and NP

 Complete-minimal bases only recently

proposed

Grzadkowski, Iskrzynski, Misiak, Rosiek '10
Contino, Ghezzi, Grojean, Muhlleitner, Spira '13
Elias-Miro, Espinosa, Masso, Pomarol ‘13



Eff. Lagrangians and LHC results

* Higgs (and other) LHC data have been
comprehensively analyzed in terms of effective
Lagrangians (as reviewed In this workshop)

» All these studies have an irreducible source of
uncertainty: restricted information from the
experimental side

* Higgs data reported in terms of signal strength

N — <Nbg> Interpretation in terms of new physics
W= requires the assumption of unmodified
<NSM> experimental efficiencies




Eff. Lagrangians and LHC results

e This is a problem not only for Higgs physics:
LHC searches quite comprehensive but
Interpreted in terms of a small set of models

* Other NP might have different kinematics and
therefore different efficiencies

e Several proposals to circumvent this problem:

- Report full likelihoods, detailed cut efficiencies, fiducial
cross sections, use simplified model interpretations, ...

 Not a dramatic problem now (in Higgs physics)
but it might be In the future

Pomarol, Riva 1308.2803
Banerjee, Mukhopadhyay, Mukhopadhyaya 1308.4860



coefficients of the new ope

obs obs
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da(pipj — qi - QZn — SM + Z C — ‘|‘ Z C’L] A4]

1<j5=1

Ci, C;; are functions of the phase space point.
Different operators can have the same functional
dependence on phase space and can therefore

" be ca mpblined.
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Observables at the LHC: Master Eq.

« Experimental observable: parton-level xsec
convoluted with initial parton PDFs and
Integrated over a region of parameter space
(experimental cuts)

 We can write a master equation for each
observable 1 1
Ao =AM 4D o Fidi + > +1GiB;
i j

- A,, B, operator-dependent coefficients (combinations of
the coefficients of the higher-dimensional operators)

- F;, G; observable-dependent coefficients (includes the
effect of PDFs, experimental cuts, efficiencies, etc.)



Observables at the LHC: Master Eq.
Ao =Ac™M+ ) %FZ-AZ- +y %Gij

* This kind of parameterization has been used In
the past but typically for inclusive observables
(total xsec, decay widths) or for single ops.

» Typically not too many independent operators
(easy to compute with MC simulations)

* Dependence of the kinematic distributions on
NP automatically incorporated



pp — hhjj

. e = 0.01
ey = 0.05
: ¢y = 0.05 pred.




pp — hivjj
N = Ngm + Few + Gy

0.467606 + 0.596176 cW + 180.242 cW
0.888326 +0.757377 cW + 741.343 cW?
0.677966 + 0.109316 cW + 498.2 cW?
0.366135 +0.758832 cW + 612.059 cW?
0.180688 +2.12985 cW + 646.952 cW?
0.0927935 +2.11187 cW + 556.891 cW?

0.048986 +2.29611 cW + 522.08 cW?
0.0265924 +2.00694 cW + 554.471 cW?




" Drell-Yan from lepton-quarl
Interactions




Do not interfere with SM

(and are very strongly
constrained by pion decay)
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> [FTA] + FAY + H Z GIBY + G4BY + GLBY
q=u.d q=u,d

x 2

e observable-c
only be computed Wlth detalled MC

— There are relations for certain observables:
F'H. F-}Lﬂ

(J‘f = GY,

« Forward-backward symmetric observables

L

* |sotropic observables Gy = 3GY,




bi(e) ba(e) bg(e) ba(e) bi(p) ba(p) bg(p) balp)
Ngym 326 468 060 872 370 538 074 944
I 2514 731 202 1324 2746 811 251 1410
Fld 1484 359  80.2 677 1590 481 93.6 775
GY 346 203 116 404 376 219 134 415
G‘f 200 106 46.1 199 219 118 53.0 207

Nops 41 4 0 10 49 11 1 8

 Symmetric and isotropic obs.: only 5 coeffs.
« Relations satisfied better than 3%
« Can experimental collaborations do this? YES!




A case study: |g contact interactions

J. de Blas, M. Chala, J.S. 1307.5068

« Calculation of observable-dependent coeffs.

« Symmetric and isotropic obs.: only 5 coeffs.

It would suffice that experimental collaborations give the
expected number of events in the SM (signhal and
background separately) and for two different values of the
coefficients of two higher-dimensional operators, for

instance (ey"e)(uy,u) and (ey*e)(dv,d)

Any extra information (for instance more operators) can
be used as cross-check of the approximation
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An = (- —m+) /(- +m+)




Preliminary
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— Cautlon most operao more CcaO |
other observables Pomarol, Riva 1308.2803

N = NSM+ZAF + BG + BG + Z AA; Gw+ZA2Gm

1=1 1<g=1 1=2
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g1,

{ Ngu=5.3137 \

F1=16.509 TeV
Fo=l , 011232 ‘TeW
F3=1.28497 TeV

\ F4=155.532 Tev 1




Discussion and outlook

 Model independent interpretation of LHC
results require further input from experiments

 Master equations provide a simple but general
parameterization of new physics:

- General parameterization of observables at detector level
- Dependence of kinematic distributions on NP included
- Easy to combine with EWPT J. de Blas Ph.D. Thesis (U. Granada)

 Easy to implement in LHC searches:

- Usually small number of simulations needed
— Cuts can be optimized for different operators
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