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ATLAS Exotics Searches* - 95% CL Exclusion

ATLAS Preliminary

Status: July 2015 [Ldt = (47 -20.3) fot V5=7,8TeV
Model 6y Jets ET™ [rddm] Reference

ADD Gk +glq - 21j Yes 203 n=2 1502.01518
ADD non-resonant ££ 2e,u - - 20.3 n=3HLZ 1407.2410
ADD QBH — £q 1en 1] - 20.3 n=6 1311.2008
ADD QBH - 2j - 20.3 n=6 1407.1376
ADD BH high N« 2 (SS) - - 20.3 n =6, Mp = 3TeV, non-rot BH 1308.4075
ADD BH high ¥, p1 >len >2j - 203 n=6, Mp = 3 TeV, non-rot BH 1405.4254
ADD BH high multijet - 22j - 203 n =6, Mp =3 TeV, non-rot BH 1503.08988
RS1 Grx — &£ 2e.p - - 203 M, 1 1405.4123
RS1 Gkk — vy 2y = = 20.3 11 1504.05511
Bulk RS Gy — ZZ — qqft 2e.p 2j/1d - 20.3 0 1409.6190
Bulk RS Gy — WW — qqtv lep 2j/1J  Yes 203 0 1503.04677
Bulk RS Gkk — HH — bbbb - 4b - 19.5 | G mass 500-720/GeV! 0 1506.00285
Bulk RS gy — tt tep 21b21J2) Yes 203 BR = 0.925 1505.07018
2UED/RPP 2e,u(8S) 21b,21] Yes 203 1504.04605
SSM Z" — £ 2ep - - 203 14054123

2 SsMZ -rr 2t - - 19.5 1502.07177

§ SSM W' — ¢v lep - Yes 203 1407.7494
EGM W’ - WZ - &v e 3ep - Yes 203 1406.4456
EGM W’ — WZ — qqtt 2ep 2j/i14d - 20.3 1409.6190

% EGM W’ = WZ = qqaqq - 2J - 203 1.3-1.5 TeV| 1506.00962

153 HVT W' — WH — ¢vbb Tep 2b Yes 203 150309
LRSM W, — tb tepu 2b,01] Yes 20.3
LRSM W}, — tb Oep 21b1J - 203 -

I S Exhaustive NP

Cl qqtt 2ep - - 20.3
Cl vutt 26,4(88) 21b,21] Yes 20.3 [Cul=1

= EFT D5 operator (Dirac) Oep  21j  Yes 203 a1 90% CL for m{y) < 100 GeV =

Q EFT D9 operator (Dirac) Oepn 14,21]  Yes 20.3 at 80% GL for m(y) < 100 GeV Searc es WI n u
Scalar LQ 1% gen 2e >2j - 20.3 A=1
Scalar LQ 2™ gen 24 =22j - 203 A=1
Scalar LQ 3" gen leu 21b,23] Yes 203 A=0 reSuItS SO far
VLQ TT - Ht+ X leu 22b,23] Yes 203 T in (T.B) doublet

.g VLA YY - Wb+ X tepu 210,23 Yes 20.3 Yin (B.Y) doublet
g VLA BB - Hb+ X Tep 22b,23] Yes 20.3 isospin singlet 150
T VLQBB - Zb+ X 2/>3e,u  >2/>1b = 203 Bin (B.Y) doublet 1409.5500

Tsia — Wt e 21b25] Yes 203 1503.05425
Excited quark ¢* — qy 1y 1] = 203 only u" and d", A= m(q") 1309.3230
Excited quark ¢* — qg - 2j - 20.3 only u” and d", A= m(q") 1407.1376
Excited quark b* — Wt lor2e,ul1b2jortlj Yes 47 b* mass 870 GeV left-handed coupling 1301.1583
Excited lepton £* — &y 2ep 1y - - 13.0 A=22TeV 1308.1364
Excited lepton v* — {W,vZ 3euT - - 203 A=16TeV 1411.2921
LSTC a7 — Wy leuly - Yes 20.3 1407.8150
LASM Majorana v 2epn 2j - 20.3 m{Wg) = 2.4 TeV, no mixing 1508.06020

. Higgs triplet H** — ££ 2e,u(SS) - - 20.3 DY production, BR(H* — ££)=1 1412.0237
Higgs triplet H** — £1 3epT - - 20.3 DY production, BR(H;* — ér)=1 1411.2921

§ Monotop (non-res prod) leu 1b Yes 203 Anan-res = 0.2 1410.5404
Multi-charged particles - - - 203 DY production, |g| = 5e 1504.04188
Magnetic monopoles = = = 7.0 DY production, |g| = 1gp, spin 1/2 Preliminary

s MR | L L
y Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown.




Warped Extra Dimensions at the LHC
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Talk given by JS
at ICHEP 2010
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e Searching for NP (the agnostic way)

- Minimal assumptions about symmetries (QED,
QCD, Lorentz) plus independent kinematical
variables

T*(p,p’) = v Fi(q°) -

Form Factors W

10" q,

F 2
> 2(q°)

- General parameterization compatible with
assumptions

- Gives an ordering principle (power counting)
- Provides correlations between observables

(D)
L=Li+) Y Ad_40§d>

d>4 1

Effective
Theories

Specific UV - Provides further correlations
completions - General if ALL models can be accounted for




- Classification
— Calculation of the effective Lagrangian
— Constraints

e Multiple spins

 How to use the effective Lagrangian (at the LHC)

e Conclusions and outlook




» Effective Lagrangians (from the top-down)

:  The matching can be performed at an

Matchmg arbitrary order in the loop and operator
dimension expansions
E Leﬂ" ¢7 M= Mq)) : P _ _ _
 In this work we are interested in collider
l RGE physics so we can stop at dimension 6
Lo ( gb, = Fezp) * We also restrict ourselves to tree-level
matching

* We expect the largest contributions to arise at tree level

» At tree-level different types particles interfere in a limited way
LEC(W,V,S) = LEC(T) + L& (V) + LE&(S) + LE°¢(mixed)

* We can complete the full tree-level matching dictionary
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e Let's compute the effective Lagrangian that results of the tree-
level integration of an arbitrary number (and types) of new
heavy scalars

e Assumptions:
- Only renormalizable couplings in the UV theory
- Quadratic terms diagonalized (one negative eigenvalue)
- No tadpoles (only relevant for singlet)

 We compute the effective Lagrangian with no assumptions
about guantum numbers:

- Only new scalar fields that can have linear (renormalizable)
couplings to SM fields contribute to the effective
Lagrangian at tree level and dimension 6.



e The EoM reads




Lop = Lov — AgWiW' — Ay Agy (Wy W W+ WIW, W, + WIW, W)
— A AG A (WHRWW,; Wy, + Wi WWIW* + W2 W,WW* + Wi w,wiw™*
+ 2WHRWIW, W, + Wy WEW W + AW Wi, WoW7 + WiW FW,w7)
+O(1/M?). (10)




Lop = Lov — AgWiW' — Ay Agy (Wy W W+ WIW, W, + WIW, W)
— A A Ay (WRW, W Wy + Wi WWIW* + WEW,W,W* + Wi W,w W™
+ 2WHRWIW, W, + Wy WEW W + AW Wi, WoW7 + WiW FW,w7)
+O(1/M?). (10)

« C and D generate only terms wi
Higgs bosons

«
AL




Colorless &5 Sy So @ =0 = O O3

Scalars

rep (L1, (L1, (L1, (L2 (L3), (L3, (L4 (L4)s
Colored Wy Wy Wy 1T 117 G
Scalars

Irrep 31 Gz (31)_s (3,2)1 (3,2)z  (3,3)_1
Colored Ql Qg Q4 T d

Scalars

Irrep (6, 1)% (6, 1)_% (6,1)4 (6,3)1 (8, 2)%




Oy = (¢T¢) (7 9) Oup = (¢7¢) Gdu
Opp = |¢' D, 9| Oug = (¢'9) qod
Oy = é(nggb)g Ocp = (¢79) L e

[Some manipulations -Fierz, completeness,
EoM, ...- are needed to get a minimal basis]




Eo ~ (15 3)0
= Kz, Q‘)TESGQQL} + /\En (ESES) (¢T¢)

=0

Dimension-Four Operators
2 2
LY (1 - 4_,)

Qo4 = Hpp2
=0 =0
Scalar-Fermion Operators
e tou d
(“f¢)ij _ %Dyiié;” (a“‘#)ij _ H“%Dvijyjj (ad¢)ij _ H‘%Dyﬁé”
A2 DY AT = T MA AT = ni %
Oblique Operators Scalar Operators
K2 K2
A? MEZD A= 2MZ
qug, ."E‘E
F = —3M_.40 (/\E['l - 2/\¢)

Table 13: Operator coefficients arising from the integration of a =; scalar field

Table 28 for collective contributions of several multiplets.

See



O, ~ (11 4)%

V@h — )‘@1 (QL"TUEQE') 0555556”9{ —I— h.E.

Scalar Operators

, ) . , | ,
)ij 41020417 + (ygq)q eapc ¢vBogioaq]’ “ ((

Four-Fermion Operators:

(ﬂl[;}) ikl 3 (yql)tj(yq! 1)-&.& (“5?) _— 1 (“:[;}) il
AT = g : Mé; AT = 37 AT
(1) (8) (1)

_.L(qqq )'i w4 Bk D (aq"" )1!.’:! = -3 (quq )nzkl
A2 3 Mé-’ A2 A2

eB&Y
(3)
(QIQ'I'E)-,;_;;M o (yg"")m(ygl T)-a:;,-'

2 - 2
A MC




Flavor: Extra scalars

- Impose flavor symmetries [Griﬁsiein, Kagan, Zupan', Trott, JH
- Assume flavor alignment (same for B and L violation)

4 leptons: Low energy, LEP 2 (LHC not competitive [F. Aguila, M. Chala,
J. Santiago, Y. Yamamoto, JHEP (15)])

2 leptons-2 quarks: LEP 2, LHC di-lepton searches, LHC W
production

(11

4 quarks: LHC di-jet searches







l .  RGE
'Ceff(¢7 M= Eea;p) Comparison with experiment

e Using the Effective Lagrangian to test new physics:

» Classify all operators that contribute to a specific search (observable)

« Compute the simplest yet most general parameterization of the
corresponding observable: Master Equation

.+ Compare with experimental data

Br—imey
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§ q A4 q § fI ‘fq 9’ *f tj
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20..C (1) (3)
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;2 [F{AT+ F{AY + 5 37 (6151
q=u,d \—l = B + (fthq + (;%{Bg]

(s
F H =
V1L
T = C '”‘




Universal

[_
[_
[_
[_
[_
[_
[_

0.032, 0.073]
0.106, 0.019]
0.032,0.102]
0.107, 0.068]
0.043, 0.079]
0.096, 0.076]
0.040, 0.058]

[_
[_
[_
[_
[_
[_
[_

0.012, 0.055]
0.006, 0.012]
0.097, 0.017]
0.077,0.040}
0.041,0.095)
0.021, 0.106}

0.055, 0.011]

Combined

—0.011, 0.053]

—0.006, 0.011]
(—0.036, 0.026]
(—0.073, 0.035]
—0.029, 0.071]

 [—0.023,0.073]

—0.038,0.013]




An = (- —m+) /(- + i+ )




e Summary:

 The tree-level matching dictionary is almost complete: the
tree-level effective Lagrangian at dimension 6 can be written
down for any new physics model

« Trivial to obtain cancellations/correlations as eventually
observed in data

« Comparison with experiment: use of master equations to
extract maximal info in a model-independent way

« Bounds on four-fermion interactions can be obtained from
LHC searches and combined with previous constraints

e Qutlook:

e Attempt for the experimental collaborations to provide
necessary information to compute the master equations

 Compute the matching dictionary at one loop
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