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Las particulas fundamentales

¢ Todala materia conocida
esta hecha de fermiones
— Quarks y leptones
— 3 generaciones

¢ Fuerzas mediadas por
bosones
— EM:y
— Debil : Z, W*
— Fuerte : gluones

e Boson de Higgs

— Dota de masa a las particulas
via interaccion



= —iBwB“” — Lirw,

El Modelo Estandar

Teoria que unifica todo nuestro conocimiento acerca de las particulas
fundamentales y sus interacciones basada en simetrias de la naturaleza
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., Cuan bueno es este modelo?

¢ Pro’s:

— altamente predictivo

— no existe aun ningun experimento que esté en desacuerdo!
e« Con’s:

— No incluye la gravedad
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., Cuan bueno es este modelo?

¢ Pro’s:

— altamente predictivo

— no existe aun ningun experimento que esté en desacuerdo!
¢ Con’s:

— No incluye la gravedad

— Describe solo el 4% del universo

— No permite unificacion de fuerzas

— No explica la “jerarquia de masas”

La masa del Higgs recibe correcciones
h h perturbativas que divergen pero se
----------- cancelan “magicamente” (“fine tunning”)
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., Cuan bueno es este modelo?

¢ Pro’s:

— altamente predictivo

— no existe aun ningun experimento que esté en desacuerdo!
¢ Con’s:

— No incluye la gravedad

— Describe solo el 4% del universo

— No permite unificacion de fuerzas

— No explica la “jerarquia de masas”

El Modelo Estandar es una teoria efectiva
de bajas energias de algo mas general




Super Simetria (SUSY)

Unica extensién posible del grupo de Poincaré!

Q|Boson) = |Fermion) = Q|Fermion) = |Boson)
Standard particles SUSY particles i
u c_ t
' B Higgsino

d s b

Quarks ’ Leplons . Force parlicles Squarks o Sleptons o ’?;Jms(\;;grce

¢« Ninguna particula SUSY observada aun!

— SIMETRIA ROTA (al estilo ruptura espontanea de Higgs): nadie vié un
selectréon, entonces la degeneracién en masa esta rota

s particulas SUSY se crean de a pares

¢ la mas liviana es estable (LSP = Lightest Supersimmetric Particle)
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. Porqué es tan linda SUSY?

Resuelve el “problema de jerarquias”

— Las contribuciones de SUSY a la masa del B _____ h
Higgs cancelan las del Modelo Estandar

Provee un candidato natural de materia oscura: el LSP

Permite una unificacion de fuerzas
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¢;,Donde se puede buscar esto?

El LHC es el acelerador de particulas mas grande y potente del mundo

= Anillo de 27 Km de extension a 100 m bajo tierra cerca de Ginebra, en la frontera
entre Suiza y Francia (CERN)

= Colisiona haces de protones que se mueven a 99.9% de la velocidad de la luz
= Alimenta de datos a cuatro experimentos

=1

i

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker
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., Como es un evento?

Seria fantastico si

s O bueno, esto: En fin, nos contentamos con:
viesemos esto:
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Solo vemos estados finales

p t ——— quarks — jets
To- < o - Jets + MET
: . > LSP — Energia Faltante (MET)
< X1 -
3 t Jets + MET
t
SENAL Seleccion de eventos que maximize
seinal / fondo, por ejemplo:
q
((7\ @ signal

Emiss/\/Hp > 4GeV1/2

M')]: i Z mR:l.O

jet
fat—jets
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Determinacion de los fondos

LHC, /5 = 8 TeV

diJet(pr > 100 GeV)
o

events

W
ZO -
‘ \ diJet(pr > 400 GeV)

Busqueda de SUSY = busqueda de un
Zr=0l-m  exceso significativo de los datos sobre el
Zr=00m - gondo esperado en tails de distribuciones
sensibles

H \

100 1000
Scale / Mass [GeV]
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Estrategia del analisis

1. La distribucion en C
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Estrategia del analisis
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Limites (Gtt model)
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Moriond 2014 f.L dt=(46-229)fb' 5=7,8TeV
Model &y Jets ENS [Laqm™) Mass limit Reference
Ll S Ll % T L Ll Ll Ll Ll L) L)
MSUGRA/CMSSM 0 2-6jets  Yes 203 | S7TeVE  m(g)=m(z) ATLAS-CONF-2013-047
1ep 3-6 jets & any m(g) ATLAS-CONF-2013-062
0 71 Dlﬁ__% any m(q) 1308.1841
0 2-6jets  Yes 203 m(¥)=0GeV ATLAS-CONF-2013-047
0 2-6jets  Yes 203 m(¥})=0Gev ATLAS-CONF-2013-047
2%, 3-qgV —*qr/W‘Xn Tep 3-6jets  Yes 203 m{¥})<200 GeV, m(t*)=0.5(m(¥")+m(3)) ATLAS-CONF-2013-062
@8, g (({/(v/wm 2ep 0-3 jets 2 20.3 mii})=0GeV ATLAS-CONF-2013-089
GMSB (? NLSP) 2ep 2-4jets  Yes 47 tanfi<15 1208.4688
GMSB (7 NLSP) 127 0-2jets  Yes 207 tang >18 ATLAS-CONF-2013-026
GGM (bino NLSP) 2y . Yes 203 m(¥)>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Teu+y - Yes 4.8 mit})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1h Yes 4.8 m(¥})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e.u(Z) 0-3jets  VYes 58 m(H)>200GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(zg)>107* eV ATLAS-CONF-2012-147
F 35T 0 3b  Yes  20.1 m{¥})<600 GeV ATLAS-CONF-2013-061
B 0 710jets_ Yes 203 miE}) <350 GeV 1308.1841
3 g-1iX), 0-Tep 3bh Yes  20.1 m(¥})<400 GeV ATLAS-CONF-2013-061
e RV O-1ep 3b Yes  20.1 m{F})<300 GeV ATLAS-CONF-2013-061
biby, by _.b,v‘.’ 0 2b Yes  20.1 m{i)<90 GeV 1308.2631
biby, by —ux. 2e.u(SS)  03b Yes  20.7 m(E})=2 m(¥}) ATLAS-CONF-2013-007
i (light), i —bY| 1-2ep 1-2b Yes 4.7 m(¥])=55 GeV 1208.4305, 1209.2102
i (light), i Swht! 2eqp 0-2jets  Yes 203 m{E!) =m(i,)-m(W)-50 GeV, m(7,)<<m(i}) 1403.4853
717y (medium), 7, i) 2e.p 2jets Yes 203 m{t))=1 GeV 1403.4853
i1 (medium), 7, —»bx.’ 0 2h Yes  20.1 m(¥})<200 GeV, m(¥; )-m(¥})=5 GeV 1308.2631
i1 (heavy), 7, ¥, Tep 1b Yes  20.7 m(t|)=0 GeV ATLAS-CONF-2013-037
fif (heavy), i =t 0 2h Yes 205 m(i})=0 Gev ATLAS-CONF-2013-024
i, n —oo\".’ 0  mono-jet/e-tag Yes  20.3 mii)-m(¥})<85GeV ATLAS-CONF-2013-068
711y (natural GMSB) 2e.u(2) 1b Yes 203 m(i)>150 GeV 1403.5222
hiy, =i +Z 3e,pu(2) 1b Yes  20.3 m(E])<200 GeV 1403.5222
i rlLg, I 68, 2e.p 0 Yes 203 m(E!)=0 GeV 1403.5294
| XIX'I : X'i —v((v) 2epu 0 Yes 203 m(¥})=0 GeV, m(Z, #)=0.5(m(¥] ) +m(t})) 1403.5294
XXX T 2r - Yes 207 m{F})=0 GeV, m(7, #)=0.5(m(¥} )em(¥})) ATLAS-CONF-2013-028
x.x,-JLvl‘Law) (vl L) Bep 0 Yes 203 mET j=m(E2), m(E})=0. m(Z, #)=0.5(m(¥T )+m(¥})) 1402.7029
x, ,\/, —xW,\'oZ\' v 2-3e.u 0 Yes 20.3 m(¥;)=m(x3), m(¥})=0, sleptons decoupled 1403.5294, 1402.7029
Vi x,...wx,hx, lepu 2bh Yes 203 m(E})=m(¥2), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
Direct ¥1 X prod., long-lived Xi Disapp.trk  1jet Yes  20.3 m(F;)-m(E])=160 MeV, r(¥})=0.2 ns ATLAS-CONF-2013-069
Stable, stopped R-hadron 0 1-5jets  Yes 229 m(¥})=100 GeV, 10 us<(z)<1000 s ATLAS-CONF-2013-057
GMSB, stable 7, ¥ —#(, rrieqn 124 - - 15.9 10<tanp<50 ATLAS-CONF-2013-058
GMSB, ,\’l)—-)yG, long-lived ¥ 2y . Yes 4.7 0.4<r(¥])<2 ns 1304.6310
74, x‘.’-.qqy (RPV) 1pdispl. vix - 2 203 1.5 <cr<156 mm, BR(x)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp=7; + X.¥r—e+ 2e.u S ~ 46 Ay, =0.10, 4;3,=0.05 1212.1272
LFV pp=v. + X, v, =elu) + T lepu+rt = 3 4.6 A;,,=0.10. A);2,3=0.05 1212.1272
> Bilinear RPV CMSSM lep 7 jets Yes 4.7 m(G)=m(g)., c7rsp<1 mm ATLAS-CONF-2012-140
UL R WYY e, e, 4ep - Yes 207 m(E?)>300 GeV, 4;2,>0 ATLAS-CONF-2013-036
XX X s WE X =ty ery,  Bep+T - Yes 207 m(E))>80GeV, ;3350 ATLAS-CONF-2013-036
g-qqq 0 6-7 jets - 20.3 BR(1)=BR(h)=BR(c)=0% ATLAS-CONF-2013-091
g0t i —bs 2e,4(SS) 0-3bh Yes  20.7 ATLAS-CONF-2013-007
Scalar gluon pair, sgluon—gq 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—7 2e,p(SS) 2b Yes 143 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
- . .. A . b —
i R 1 Mass scale [TeV

“Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1 theoretical signal cross section uncertainty.



Conclusiones

¢« El Modelo Estandar goza de buena salud ... aun

« Busqueda de SUSY en la UBA

volume 72 -number 10 - october - 2012

Search for new phenomena in final states with large
jet multiplicities and missing transverse momentum at
/8 = 8 TeV proton-proton collisions using the
ATLAS experiment

The ATLAS collaboration

G. Romeo (tesis doctoral) H. Reisin (tesis doctoral)

¢« Contribuciones en otras areas:
¢ Hardware (Forward Detector)
s« Software (trigger,algoritmos)
« Performance (calibracién del calorimetro, fisica con jets)
« Analisis (SUSY, Modelo Estandar)
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El entusiasmo por Nueva Fisica

20157

i~ a8 a8
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Perspectivas

Preparados con nuevas ideas y mejores detectores

;1000
& 900
Run Il comienza en 2015 (de 8a  Zew
14 TeV y mas luminosidad): o

— Aumento en las secciones 500
eficaces de produccion de SUSY 400

(mas que el fondo!) o
— 5 veces mas datos en el mismo 100
periodo de tiempo 0

CATLAS Simulation Preliminary
5_\5:1 4 TeV =300 b (<u>=60) 50 discovery
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=300 fb! ‘<p>=60) 95% CL exclusion
=3000 fb~ (<u>=140) 5¢ discovery

=x 3000 fb' (<u>=140) 95% CL exclusion
[DATLAS 8 TeV (1-lepton): 95% CL obs. limi
CIATLAS 8 TeV (0-lepton): 95% CL obs. limit
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N [TTTT

L1
1400

Mstop [GeV]

¢ Nueva Fisica a la vuelta de la esquina

— esta muy bien escondida

— pero en un rango de energias accesibles en el LHC!

s Sorpresas para el proximo DDF?
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HEP-EX UBA ¢/ quienes somos?

Ricardo Piegaia Hernan Reisin Florencia Daneri Roberta Devesa Martin Milano

Postdoc Tesistas
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Vida del LHC

2018 Injector + LHC FPhase | upgrade to ultimate design luminosity
2019 b
2020

2021

Vs=14 TeV, L~2x10*cm?s", bunch spacing 25ns

2009 . LHC startup, Vs 900 GeV ,

2010 -

2011 Vs=7+8 TeV, L~6x10®cm3s", bunch spacing 50ns Run 1
2012 ~25 fb?!
2013 .

i s Go to design energy, nominal luminosity - Phase 0

2015

2016 Vs=13~14 TeV, L~1x10*cm?3s", bunch spacing 25ns

2017 ~75-100 b

2022
2023

. HL-LHC Phase Il upgrade: Interaction Region, crab cavities?

.\‘

20307 Vs=14 TeV, L~5x10*cm?s", luminosity levelling ~3000 fb"
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Vida del LHC

® Peak luminosity ==Integrated luminosity

Luminosity [cm?s]
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L ] z
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Year ending
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Produccion de SUSY en el LHC

LPCC SUSY 6 WG
1I0g ™1 CRGRRECR R R R R R R W
=10
i = nkid g
= X =10
10! .

=
#events in 20 fb! 8TeV LHC data

NLO(-NLL) 6(pp— SUSY) [pb]

10° .
- 10
107 =
= 10
10—4 —l 111 I | o] [ B | l | ] [ B | I L] Y | l | ] I | I { Lt I P | l ] Y O | I | ] Y |
100 200 300 400 500 600 700 800 900 1000

SUSY sparticle mass [GeV]

https://twiki.cern.ch/twiki/bin/view/LHC Physics/SUSY CrossSections arXiv:1206.2892

Si m(gluino)~800 GeV, el LHC ya fabricé 5000 pares de gluinos
“Natural” SUSY: los squarks de la 3°" generacion son los mas livianos
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Limites (1 y 2 etapas)
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500

400 |
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Modelos interpretados

MSUGRA/CMSSM: tan(B)=30, A =-2my, u>0
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Espectro de masas (MSSM)

000 R o ¢

750 A M)

500 mmememmmcscscscsesaaasassssasannns .

250
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Modelos simplificados

» Pocas particulas, y branching ratios fijos

3-body direct decay 1-step cascade decay (1=1/2) 2-step cascade decay
mass f - mass o mass f =
il § [ml G |ml g
. +q +0 .
+0g mysf ¥ X [mel 3 X
W 2 3 mx‘ o A r+W i xb
+ 2 - T
mxo__ v xo mxo__ L Xo mXO“ +Z X

» A diferencia del cMssM las masas de las particulas son parmdmetros libres, lo
que permite el estudio de un amplio espacio de parametros de modelos SUSY.

» Se considera produccion de pares de gluinos, pues da lugar a un mayor
niimero de jets que la produccién de squarks.

10 3 { LI I L | LU | LI I LU ] LI I LN I LI I LI
102 o, [pb]: pp — SUSY
10 VS =8TeV
1 NLO+NLL
1 M
10 R q
-2
10 \\ ‘
-3 \"\\,\ p
10 L \"\\., (j ~()
0" s %= !
88 i st
10” \\ >~ < .
4 B qa X1
10 ~h ] i
10 -7 11 1 I 11 1 I 11 1 I =11 I { ] | I Tt Lo | I { bl M | I L1 1 I 1 I\l\' p v
200 400 600 800 1000 1200 1400 1600 1800 2000 q

Myverage [GeV]
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Seleccion de eventos de senal

> Regiones de sefial estan definidas en términos de la multiplicidad de jets,
EF"®% /5/Ht y otros observables.

» Los jets se eligen en la zona central del detector (no gran 7))

P 2 woooor——" 1
~ J

/ =
; g 000005 . %

» El andlisis estd dividido en dos variantes seglin cortes en el niimero de b-jet

H 2 -, R=1.0
y la masa total de los fat-jets, My = >, mi 7"
fat—jets
Regiones de senal Multijet + flavour Multijet + Mf,‘
| In| de jets | < 2.0 | < 2.8
multiplicidad de jets & pT

(R = 0.4 jets) 8j50 9j50 10450 7j80 8+j80 | 8+j50| 9+j50 | 10+j50
# b-jets o M_)]: 0112+ |0]|1|24| Inclusivo |0]|1|2+|0]|1]|2+ >340 y >420 GeV
EFs //Hr > 4GeV1!/?
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Fat jets

» El régimen de energia alcanzado en el LHC permite producir particulas
masivas con un considerable momento transverso.
Low top pr High top py

t

b

» La reconstruccion de una particula masiva requiere jets de gran tamano tal
que se engloben los productos del decaimiento.

A= B+C, AR(B,C)=2MA

o

% 100 200 300 400 500 600 700 800 900
top p_ [GeV]
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Total Jet Mass

B ij_ incorpora la subestructura de ‘fat-jets’ para discriminar eventos de senal
que se esperan con mas jets de mayor masa que los del background.

;’800_|"'I"'l"'I"'I"'I"'I"'I"' Lbed
)

e A o) 700;_ ATLAS Simulation preliminary _%
%ﬁ - |:|tf—>gq,ql,ll o i

- 600 [ 13— 1, [§1:1600,50] [GeV] =

0 B LB % W 4 d

£ 500 e

_‘«14005_ E

~ pt R? g K cono BB E 8 = o
) > ag pp R? F 300F jidetersian E
= v DA OQ|gojeje]fE e e

200 e e -

S 10 i

100 = E

ALTHHG AR

0024 5 8 10 12 14 16 18

Number of jets
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Grooming

» Jets de gran tamand son mds susceptibles a ISR/FSR/pile-up/MP| —

afecta la resolucién de la masa. _
» Grooming de jets, técnicas que eliminan componentes soft del jet.

-
Initial jet piT/ pj;" < feut Trimmed jet

» Elimina la dependencia del jet con el pile-up, mejora la resolucién de masa y
aumenta la discriminacién de sefal.

— ATLAS Simulation

- anti-k, LCW jets, 600 < p* < 800 GeV
L ——- Ungroomed Z'— {t

[ emeeeee Ungroomed Dijets

[ — Trimmed Z'— tt

- —— Trimmed Dijets 1,

0.08f Al

Arbitrary units
o o
o 2

o
—

0.06}
0.04f

0.02}

Ill[lllllllllIlllllllllllllll

300
Jet mass [GeV]
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Modelos SUSY

» Modelos con paridad R conservada,

» Gttt con on-shell y off-shell stop
» (Cascada gluino-gluino 1-step
» Cascada gluino-gluino 2-steps
» cMssm
» Modelo con paridad-R rota
(LSP es inestable)

» RPV-UDD
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Jet Compuestos

1. ‘Trimming’ jets: anti-k7 (R=1.0) jets built from calorimeter clusters.

Ungroomed Trimmed (R

2 LI v D S e e
e e

2. ‘composite jets' built from the ‘skinny'-jets (anti-k1 with R=0.4)

T (gt SN SR R T
:-_: j-._.".- BALES b e- — P’T‘:M > 20 GeV

1pF704 > 50 GeV

E 10°
107

10

20



Produccion de stop mediante gluinos

e Buscar PP — g é t — bqq
con §— hty & — tX3 ‘
y tops hadronicos ¢ — b qq’

¢ [Esto significa buscar:

sl
q: 12]jets
b: 4b-jets

(. eveto

»: pveto

e Pero no hay ningun evento con 12 jets (4 b-jets) => relajar requisitos

- E{Mss, al menos 6 jets, 3 b-jets
- E{Mss, multijets (8, 9 10+)
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Resumen de un analisis

|dentificar regiones enriquecidas de senal
— Buscar variables que discriminen entre SUSY y Background
— Optimizar cortes para maximizar la significancia g SignaI/AB

miss

.0 | = Er ", atleast6 jets, 3 b-jets
12 quarks (4 b) + 2 X1 N .
— Er™°, multijets (8, 9, 10+)

Estimar el Background
— QCD, ttbar, W+jets, Z+bbbar, single top, Higgs ... (“data-driven” y MC)

Incertezas Sistematicas
— Detector: calibracion, resolucion, eficiencias, acceptance, ...
— Tedricas: MC, pdf, escalas de factorizacion/renormalizacion ...

“Abrir la caja” (mirar los datos en la region de sefial)
— ¢ Exceso significativo de los datos sobre el background predicho?

NO -> estimar limites al 95% CL
S| -> comprar boleto de avion a Estocolmo

b
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Eliminar QCD

| Pl R P2 | I | P25 B (S | | | PR ST [N | | P25 B (S | | =} | I | P25 B (S | |
SM Total ! 'E' s
‘ ) 8 [ fitsems-epronic), s7eas
I {t (semi-leptonic), 5768.9 > 10 [ i naaronicy. 1423 E
Ll L dt = 4 7 fb'1 sinyenop.sln E
D tt (hadronic), 142.9 1 07 : B v 6 o
1ibB, 40. 3
single top, 517.7 _ = Sl ;
] 10° preselection cuts e S -
- tt+V, 66.1 [ w-ccbp, 3507 2 3
= 5 B v ser i
- {tbb, 40.7 10 -
' [ YRR E
W+l.f., 7926.0 [] oioson. &7 3
- 1 04 |:| OCD, 49269.8 =
- W+c, 565.9 =
- W-cc/bb, 3507.2 10° =
- Z+1.f., 51787 102 ' "'-.-__-__ ki
B 2. 17050 ' :
— 10 =
Diboson, 67.4 3
PC— | :
QCD, 49269.8 1

| I | I | I [ N | I 11 1 I | | | I | | . _IHIE

0 0.5 1 1.5 2 25 3

QCD: Ef™* comes from a mismeasured jet — ¢(Ef™) =~ ¢(jet) + q)mm
Define A¢min: closest A¢ between EM and a jet = A¢pS°P ~ 0
SUSY, W/Z, tt: genuine Ef™ — uniform A ¢dmin

Admin > 0.4 requirement selectively suppresses QCD
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Eliminar QCD

—
o
w
TT IIIIIII

+
o
o
o
o
-
©o
—
2]
o
—
TT IIIIIII

7 _I IR | L I L I IR L I u | [N I l__

SM Total ! 'E 10 B slom E

@ - [ isemeepuonic, 3627 3

D ft (semi-leptonic), 3623.7 Lﬁ 1 06 [ Ldt~d7 fb 1 E 2::21;1. N
[ i (hadronic), 10.1 - ' [ v o5 E
) - [ wE, 2z -

- single top, 289.5 - . . I -t 5280 —
10 = After QCD rejection  pgwe=: =

- tt+V, 40.5 C I w-cco, 19i6s ]
4L Z4l5., 3350.4 —

] 5. 256 107 — -
] w4 95280 n % orosen 62 ]

N
+
=
—r
—
_—
D
o
[+ <]
—
o
T IIIIIII

Diboson, 48.8

I

lIllll Illllll_ll_lllg
0 100 200 300 400 500 600 700 800

» QCD: E™ comes from a mismeasured jet — ¢(Ef™) ~ o¢(jet) Er[GeV]

QCD, 897.5

TTTIT

» Define A¢min: closest A¢ between EM™ and a jet = A¢%%P ~ 0
» SUSY, W/Z, tt: genuine Ef*™ — uniform A dmin

» Aodmin > 0.4 requirement selectively suppresses QCD 40



Otros Backgrounds
tt+jets, W/Z+jets, tt+bb, tt+W/Z, ...

¢ Requerir b-tagged jets

LN LA B LA B LA N LA B LA LS L LR LA N LA B
ATLAS  Preliminary ° Data 2011

— SM background tiene 3 F B
o 10 | X SM Total =
muchos menos que la g 'UF |La~arnlEm7Tev #2557 SMToa =
~ — - [ ti+jets -
sefal 8 L SRt Others —
$ 102 = Gbb: m_=950 GeV, m..=50 GeV __|
¢« Empezamos con g E — Gbb: m=700 GeV, m’;=400 GeV 3
# b-jets=0 B N
o #b-jets =1 = | A -
. 1= R =
— Reducir W/Z E 1 A s P T T P I T B =
% 2%2:::‘::::::: I » ,// ':::::::::E
o #Db-jets =2 I T =/ M/ — E
1) - 7 _
— Reducir W/Z S B & W/ﬂ%/ U005 i z
. 0 1 00 300 400 500 600 700 800 900 1000
— Bkg dominante: top ET™* [GeV]
o H b-jets >3

— Suprimir ttbar
— Senal visible!

Datos consistentes con la prediccion del background, no vemos SUSY.
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Modeling SUSY

'723p ~down cgp'proac/?-' BotZom —eUp qurOQC/YeS >
» Model of SUSY breaking: > Phenomenological models:
* Gravity mediated (mSUGRA, cMS5M) « Assume mass & hierarchy for SUSY
* Gauge mediated (GMSB) particles
) ¥

» Assume GUT scale parameters (few)

* m,: scalar mass parameters

* m,:gaugino mass parameter

* Ay trilinear Higgs-sfermion-sfermion coupling M4

* tanB: ratio of Higgs vacuum expectation values » Simplified models:

> Slgu): sign of SUSY.Higes parameter » Well define production & decay

» Predict phenomenology at the EWK scale * Assume simple decay chain

Mode/ L';de'pendenf /IAMI'Z(S .

a3 Provide:
» o x selection efficiency x detector acceptance
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Expected Signatures

General MSSM Lagrangian violates leptonic Introduce new symmetry R-Parity
and baryonic numbers in the superpotential - to suppress proton decay  — (_1)3(D—L)+25
R

Impact on expected phenomenology RS
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¢ (nb)

Secciones Eficaces

9

T3 10
ﬁ o
Tevatron LHC B
/ o Las secciones eficaces de
o B produccion expanden 13
' | 7  ordenes de magnitud
0, (E. > s/20) 10 X — Inundados de procesos
s, o - “mundanos”

-
y 10° E
o (E;” > 100 GeV) 2
- 10" § .
| e Gran variedad de procesos
- ; 10° — Programa Fisico muy “rico”
GM(ETM >s/4) 10*
csH.'g;(MH =150 GeV) : 10°
G (M), = 500 GeV) \ 10°
N PTTT PR b B 107
0.1 1 10
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El detector ATLAS

. ——r

25m

| B - = }
Faed B g r |

Tile calorimeters
' c LAr hadronic end-cap and
forward calorimeters
Pixel detector \

LAr eleciromagnetic calorimeters

..........

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker
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; Qué detectamos?

Muon
Spectrometer

Hadronic
Calorimeter

00000 ccccccccccccccccccce

The dashed tracks E
are invisible to n

the detector

\ 1 V.
Electromagnetic \
Calorimeter o
Solenoid magnet \
Transition X1
Radiation it ( ' Sd ¥ Ve

Tracking Tracker @
PIXBUSCT 1 % ‘J'."F‘P"Hiv‘x?""
detector

http://atlas.ch
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Delivered Luminosity [fb}

Luminosidad (L) y seccion eﬁca (0) “

i“
AR

T T T T T T T T T T T J 2010 e
355_ATLAS Online Luminosity E O(2) Pile-up [EVAEE S
30 - === 2010 pp Vs=7Tev 201 2 _ events \ E“yent ta\ﬁgn at random /i
- === 2011 pp \Ig =7TeV 23 fb_ 1 _ i ; A\ (filgd) buneh crossings
" 2012 pp \JE —8TeV _ 150 ns inter-bunch spacing [ N ‘ V e
25K at8 TeV - S
20 4% July seminar E
15E- and ICHEP E 2011
: =611 | O(10) Pile-up WeZ=Ziin .
10E at 7 Te\ events \NGEIZ(P/Y/IANN
5 :_ _: 50 ns inter-bunch spacing *;\ ‘ (f"}&’bﬁm:h crossifes /4
: - Design value |
- | | | | (expected to be
0 o v " o reached at L=10%1)
Jo

2012
O(20) Pile-up
events |

Month in Year

Nhiggs =L Xx0=111b"x 12 pb=132.000 (!)
El LHC es una “Fabrica de Higgses”



Simulacion de Eventos
—

Initial State
Radiation

MEcalculations
MPI & Beam remnants
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Triggering

. LHC
Lo “interesante’” tiene rates baf’ LHC Vs=14TeV L=10%cm2s™ rate
entre 1 y 10 3HZ Holnelasﬂc B input—'—'—!;;GHz
' "Old" (at least quickly)
bb E
Guardar los eventos L
interesantes, tirar el resto . m i ’;?

M"Useful" - ";i"“z

max HLT output I—q_

e i !Interesting" oty
o T R S N W

Odbsy qarageas 1M

tanp=2, p:rn;:m;/z o

tanp=2, p=mg=mg -

Solo podemos guardar b
~600Hz

Eventos no seleccionados
por el trigger se pierden

para siempre! s0 00 200 500 1000 2000 5000

l l.llll‘ .l.l.lli ILLIH‘ lllld unﬂ ll.l.l.‘ J.l.l.ld JII.I‘ ll.l.l.l‘ Jll.ld IJ..I.HJ.‘Llud .I‘l.l.ll‘ lln.ld‘ .Il.l.ld llll.ld lll.l‘ m

jet E; or particle mass (GeV)
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¢, Donde estamos parados”

Standard Model Production Cross Section Measurements suius mvach2012  JLdt

! Reference
ttZ _______________ == =] <071 pb (95% CL upper limi) (data), HELAC-NLO (theory) 4.7 ATLAS-CONF-2012-126
total
ts—channel —————————————————————————— } - -l o < 26.5 pb (95% CL upper limit) (data), NLO+NNLL (theory) 0.7 ATLAS-CONF-2011-118
total
zZjj ;
EWK | r=547+46 22 b (data) u . 20.3 arxiv:1401.7610 [hep-ex]
3 2 105 / -
fiducial Powhop (theory) ATLAS Prellmlnary
Z’)/ o= 1,05+ 0.02 + 0.11 pb (data), 4.6 PRD 87, 112003 (2013)
fiducial, njet=0 MCFM (iveary) # Runi +s=7,8TeV
W'}’ o= 1.76 £ 0.03 + 0.22 pb (data), h 46 PRD 87, 112003 (2013)
ﬁduciai, ﬂfef=0 MCFM (theory)
tt')’ o =2.0+05+07 pb (data) 1.0 ATLAS-CONF-2011-153
fidiicial Whizzard+NLO (theary) LHC pp \/_ =7 TeV
Z Z o =67 +0.7 ] pb(data), MCFM (theory) p 46 JHEP 03, 128 (2013)
. theory
=T ik pb (data}, A (theory) . ATLAS-CONF-2013-020
total 7.1 "8 + 0.4 pb (data), MCFM (th A & 20.3 TLAS-CONF
' aia
WZ o =19.0 77 + 1.0 pb (data), MCFM {theory) b - stat only 4.6 EPJC 72, 2173 (2012)
total =203 0% "' pb (data), MCFM (theory) 4 stat+syst 13.0 ATLAS-CONF-2013-021
Wt o= 16.8 + 2.9 + 3.9 pb (data), NLO+NNLL (theory) h 20 PLB 716, 142-159 (2012)
total (=272 2.8 + 5.4 pb (data), NLO+NNLL {theory) h LHC pp Vs=8TeV 20.3 ATLAS-CONF-2013-100
77 44.07]'7 pb (data), 2yNNLO (theory) I - theory 49 JHEP 01, 086 (2013)
Wi m
I
WW o =51.9 + 2.0 + 4.4 pb (data), MCFM (theory) b g?g%g@gr 4.6 PRD 87, 112001 (2013)
total
t =83 +4 "1 pb (data). NLO+NNLL (theory) b 1.0 PLB 717, 330 (2012)
t—channel &
total =826+ 1.2 + 12.0 pb (data), NLO+NNLL (theory) u 20.3 ATLAS-CONF-2014-007
t_i =177 + 3 = 11 pb (data), top++ NNLO+NNLL (theory) ¢ 1.1 ATLAS-CONF-2012-134
total o =2387.7 £ 1.7 + 11.2pb (data), top++ NNLO+NNLL {theory) é 20.3 ATLAS-CONF-2013-097
Z 7 =27.84 + 0.18 = 1.1 nb (data), FEWZ+HERA1.5 NNLO (theory) * 0.035 PRD 85, 072004 (2012)
total
W 7 =94.51 = 0,18 = 3.7 nb (data), FEWZ+HERA1.5 NNLO (theory) { 4 0.035 PRD 85, 072004 (2012)
total RIS IR BT R I TTTY BT T M Ir T SN Ur T T Fl IPETETETE SRR

e e 1 1 10* 10? 103 10* 10° 05 1 1.5
o [pb] data/theory

Antes de buscar BSM tenemos que entender el SM!




rate of events

La busqueda: a contar ...

Data

Prediction with Higgs
— (or new physics)

Ss
Ss
~

some parameter
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Un analisis de busqueda (H — 2 fotones)

| 1 T I 1 T 1 T ] 1 l 1 T 1 1 I T T I [ T T 1 T
4500 Vs =7 TeV } Ldt=4.83fb " Nov 3, 2011

4000

Vs=8TeV | Ldt=2065f ' Dec 9, 2012

Events / GeV

3500 ATLAS Preliminary

3000 H—syy channel

2500
2000

1500

— —4-Data
— Background-only
— Sig.+Bkg. (mH=126.8 GeV)

1000

500

UU{}
400
300
200
100

-100

X +
K + T+++ ?‘“H"H*'

100 110 120 130 140 150 160
m,, [GeV]

o
m[rl'mmjllllllllllllllllllllll TTTT | [ulzju) |

Events - Fitted bk
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Otra busq

Events / 5 GeV

Data - Background

30

25

20

15

10

T T l
¥s =7 TeV

s =8 TeV

ueda (H — ZZ — 4 leptones

T T T I T T T I T T T I T

Ldt=4.83fb" ATLAS Preliminary
Ldt=20.65f " H—zZ"'—4l chanrfel

[ ] Signal (mH=125 GeV)
Bl Background 22"

I Background Z+jets, tt
—4— Data

SM signal strength

)
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[GeV]

m._o

600

500

400

300

200

100

Busqueda de particulas SUSY

T@ production

Status: Moriond 2014

| === Expected limits

L All limits at 95% CL

- CDF 2.6 fb" [1203.4171]

LRI

2L, i-> Wby,

oL, mono-jet/c—tag,’ﬂ—) (o 7(0

oL, n'}l(,‘ = mf +5GeV
1-2L,1,—> b, m = 106 GeV
1L, t, = b¥., m = 150 GeV
2L, T,:) b, mxl =m; - 10 GeV
1-2Lt, > by, n!‘z* =2xm.

_IIII|IIII|IIIII I|I|IIll|Il'l'IIIIIIIIIIIlII|IIII|IIII|IIII|_
— ATLAS Preliminary L,=20-21fb"'Vs=8TeV L, =471 " Vs=7 TeV
i oL, I,-’ 1%, OL ATLAS-CONF-2013-024 OL [1208.1447] :
| == Observed limits 1L, 1—-) tz 1L ATLAS-CONF-2013-037 1L [1208.2590] i
| 2Lt 1x1 2L [1403.4853] 2L [1209.4186] |

2L [1403.4853]
OL mono-jet/c-tag, CONF-2013-068
OL [1308.2631]
2L [1403.4853]
1L CONF-2013-037, 0L [1308.2631]
2L [1403.4853]
1L CONF-2013-037, 2L [1403.4853]

T1—>C)~C? /T1—>W bi? /T1—>tif

21 [1208.4305], 1-2L [1209.2102]

1-2L [1209.2102] -




Busqueda de Fisica “Exatica”

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: April 2014 f_c dt=(1.0-203)fo! +s5=7,8TeV
Model 6y Jets ET™ [rdim™] Mass limit Reference
ADD Ggk + g/q - 1-2j Yes 4.7 : ' I n=2 1210.4491
ADD non-resonant ((/yy 2yor2e,pu - - 4.7 n=3HLZNLO 1211.1150
ADD QBH - (q 1epu 1j - 20.3 n=6 1311.2006
ADD BH high Ny 2 (SS) - - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high 3, pr >lepu 22j - 20.3 n=06, Mp =1.5TeV, non-rot BH | ATLAS-CONF-2014-016
RS1 Gkk — (f 2epn - - 20.3 k/Mp; = 0.1 ATLAS-CONF-2013-017
RS1 Gk — ZZ — tlqq/Leee 2ordepu 2jor— - 1.0 k/Mp = 0.1 1203.0718
RS1 Gk = WW — (vly 2eu - Yes 4.7 KK Mass 1.2 k/Mp =0.1 1208.2880
Bulk RS Gyx — HH — bbbb - 4b - 19.5 | Gkk mass 590-710 GeV Il k/Mp = 1.0 ATLAS-CONF-2014-005
Bulk RS gk — tt leu =z1b =102 Yes 143 | &xk mass . 0520TeV BR =0.925 ATLAS-CONF-2013-052
S'/Z, ED 2epu = = 5.0 1209.2535
UED 2y - Yes 4.8 ATLAS-CONF-2012-072
SSM Z" — 2epu = = 20.3 ATLAS-CONF-2013-017
SSM Z' - tr 27 = = 19.5 ATLAS-CONF-2013-066
SSM W’ = (v 1en ~ Yes  20.3 ATLAS-CONF-2014-017
EGM W’ - WZ - tv ' 3epu - Yes 20.3 ATLAS-CONF-2014-015
LRSM W, — tb leu  2b01j Yes 143 ATLAS-CONF-2013-050
Cl qqqq - 2j - 4.8 n=+1 1210.1718
Cl qqtt 2epn - - 5.0 e =-1 1211.1150
Cl uutt 2e,u(SS) 21b,>21j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
EFT D5 operator - 1-2j Yes 105 at 90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
EFT D9 operator - 14,<1]  Yes 20.3 at 90% CL for m(x) < 100 GeV 1309.4017
Scalar LQ 1t gen 2e >2j - 1.0 Q mas 660 Ge B=1 1112.4828
Scalar LQ 2™ gen 2u 22j - 1.0 B=1 1203.3172
Scalar LQ 3 gen ltepuit 1b1j - 4.7 =1 1303.0526
Vector-like quark TT — Ht + X leu 22b=24j Yes 14.3 Tin (T,B) doublet ATLAS-CONF-2013-018
Vector-like quark TT - Wb+ X 1eu >=1b>3j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
Vector-like quark BB — Zb + X 2ep >2b - 14.3 Bin (B,Y) doublet ATLAS-CONF-2013-056
Vector-like quark BB —» Wt +X 2e,u(SS) >1b,>1j Yes 14.3 Bin (T,B) doublet ATLAS-CONF-2013-051
Excited quark ¢* — qy 1y 1j = 20.3 only u” and d*, A = m(q") 1309.3230
Excited quark ¢* — qg = 2j = 13.0 only u* and d*, A = m(q") ATLAS-CONF-2012-148
Excited quark b* — Wt 1or2epui1b2jorlj Yes 4.7 left-handed coupling 1301.1583
Excited lepton * — {y 2e,u,1y = - 13.0 A=22TeV 1308.1364
LRSM Majorana v 2eu 2j - 21 m(Wg) = 2 TeV, no mixing 1203.5420
Type Ill Seesaw 2ep - - 5.8 |V,|=0.055, |V, |=0.063, | V/|=0 ATLAS-CONF-2013-019
Higgs triplet H** — (¢ 2e,u(SS) - = 4.7 DY production, BR(H** — (()=1 1210.5070
Multi-charged particles - - - 4.4 DY production, |q| = 4e 1301.5272
Magnetic monopoles = = . 2.0 2 Ge DY production, g| = 1gp 1207.6411
1ol L L PR S T AT | " " PR ST T A | L 1 PR

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

10 Mass scale [TeV]
T —
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# de experimentos

Limite Esperado

Generar un ensemble de N experimentos usando la distribucion medida
de <b>+Ab (<b> es la media poissoniana, Ab es gaussiana)

“Limite Esperado”: maximo # de eventos de sefial en la muestra tal que
b+s C.I. contenga la prediccion del background, <b>, 95% de las veces.

>

0,=Ab | 0, =A(b+s)

—-ﬂ--——-—_——

Agreg

_ __L_____

>

. <b> <b + S> # de eventos

Limite Observado:

maximo # de eventos de
sefial en la muestra tal que b

+s C.I. contenga N, 95% de
las veces

El limite se traduce en la
medicion de un observable
usando modelos tedricos y

acceptance/efficiency de

sefial
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La masa de los quarks

Mass
(GeV/c2)
200
175
150
100
50 -
5.0
1.5
Q.01 .15
0 0.005 a S c b
up down strange charm bottom top

Quarks
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