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Highlights from the first LHC physics run

> Will show mainly ATLAS results
CMS has similar results in most cases
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Data taking during LHC Run I
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Month in Year > pp collisions recorded at ATLAS

> |n addition:

150 nb™' of Pb-Pb collisions
@ 2.76 TeV

30 nb™ of p-Pb collisions

213" @ 8 TeV
5.08fb" @ 7 TeV

> ~95% physics quality data!
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Higgs mass meassurement

> Measured in the H—>yy and H—>ZZ—41 decay channels

Better mass precision

F ATLAS  Combined (stieys)
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n Higgs mass meassurement

> Measured in the H—>yy and H—>ZZ—41 decay channels

Better mass precision

1OCMSH-el1m|naw is= ?Te\." Ls51f" fs=8TeV,Ls19.6/"
£ T atLas —— Combined (stat+sys) | e C H _,,I I + H _,I 77 [— Combined |
¥ [ fs=7Tev[Lat=4648f" =+=-= Combined (stat only) = of vy —— H—yy
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ATLAS: MH =1255+0. 25m + 0. 5 GEV CMS. MH - 1257 + 0'35t3t - 0'35\5 GEV

P. Conde Muinio LIP Seminar 6 March 2014 6



2

Higgs mass meassurement

> Measured in the H—>yy and H—>ZZ—4l decay channels
Better mass precision

e Sa— I I [ iR AL S AL R AR SR AN LR
£ [ ATLAS —— Combined (stat+sys) = H — vy + H s ZZ — Combined
¥ L Vs= ?Te\.f_rLdt 464817 «=+2+. Combined (stat only) = i
el Vs=8TeV Ldt=2071" — = < u u_{ganH} =
— H=ZZ' = 4! — H—-2Z
B aod p.v_.(‘u'BF.VH}
E p :

= N W & 1 O N ® ©

o

ATLAS: M, =1255%0.2,,, £ 0.6,

stat =

=125.7+0.3

CMS: M, AT

sta
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Higgs signal strength

ATLAS ~+o(sta)  Total uncertainty ATLAS Prelim. -'-gg;f)) Total uncertainty
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Higgs signal strength

ATLAS -+ “EZZ‘)’ Total uncertainty
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ATLAS
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> Three channels combined:
H-yy, H>ZZ, H>WWw

q=1

assuming 0"

Higgs spin combination

> CLs of alternative J° hypothesis

» Combine J* sensitive variables ATLAS
. . . . . H— ® Data
> Combined in a likelihood fit 5o 1oV [t =207 1"
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ATLAS SUSY Searches*

SUSY searches up to now

- 95% CL Lower Limits

ATLAS Preliminary

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

P. Conde Muinio
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Status: SUSY 2013 [Ldt=(46-229)fo! V5=7,8TeV
Model e T,y Jets ET [rdif] Mass limit Reference
— T T T — T T T — T
MSUGRA/CMSSM 0 2-6jets  Yes 203 4.8 1.7TeV. m(@)=m(&) ATLAS-CONF-2013-047
MSUGRA/CMSSM Tepu 3-6jets  Yes 203 |E 1.2 TeV any m(g) ATLAS-CONF-2013-062
» MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 TeV any m(g) 1308.1841
_“t) 34, q~)q/‘/1 0 2-6 jets Yes 20.3 | 740 GeV m(¥3)=0 GeV ATLAS-CONF-2013-047
S gaqq/\,/l 0 26jets  Yes 203 |& 1.3 TeV m(#9)=0 GeV ATLAS-CONF-2013-047
S &z Eoqq¥i >qqW )(? leu 36jets Yes 203 |& 1.18 TeV m(¥})<200 GeV, m(F*)=0.5(m(¥3)+m(&)) ATLAS-CONF-2013-062
@ sz, gagq(l{/fv/vv)xl 2epu 0-3 jets - 203 |& 1.12 TeV m(#)=0GeV ATLAS-CONF-2013-089
L  GMSB (£ NLSP) 2eu 2-4jets  Yes 4.7 tang<15 1208.4688
‘G GMSB (f NLSP) 127 0-2jets  Yes 207 tang >18 ATLAS-CONF-2013-026
=2 GGM (bino NLSP) 2y - Yes 438 mE2)>50 GeV 1209.0753
£ GGM (wino NLSP) 1epu+y - Yes 48 m(#)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(¥?)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) O03jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10"* e ATLAS-CONF-2012-147
4] gﬁbiv?ﬁ 0 3b  Yes 201 |& 1.2TeV m(72)<600 GeV ATLAS-CONF-2013-061
S °E> gﬁﬁ)?gj 0 7-10jets Yes 203 |& 1.1 TeV m(¥y) <350 GeV 1308.1841
B Botih) 0-1e,pu 3b Yes  20.1 g 1.34 TeV m(¥3)<400 GeV ATLAS-CONF-2013-061
&0 B bl 0-1e,u 3b Yes  20.1 g 1.3 TeV m(¥3)<300 GeV ATLAS-CONF-2013-061
by, bﬁbx? 0 2b Yes 201 |y 100-620 GeV m(¥2)<90 GeV 1308.2631
= blbl, by —thy 2e,u(SS) 03b Yes  20.7 by 275-430 GeV m¥;)=2 m(i?) ATLAS-CONF-2013-007
v S Hh(light), FobtT 1-2eu 1-2b Yes 47 ) 1 m(¥9)=55 GeV 1208.4305, 1209.2102
g g # i (light), fi— Wb,(l 2epn 0-2jets  Yes 20.3 t 130-220 GeV m(#) =m(E)-m(W)-50 GeV, m(f)<<m(¥i) | ATLAS-CONF-2013-048
9','8 i (medium), F —oxs 2epu 2jets  Yes 203 | 225-525 GeV m(E2)=0 GeV ATLAS-CONF-2013-065
=5 hi(medium), i -btT 0 2b Yes 201 |h 150-580 GeV m(¥1)<200 GeV, m(¥7)-m(¥9)=5 Gev 1308.2631
%45 t 11 (heavy), t1—>tX Tepu 1b Yes 20.7 2 200-610 GeV m(E?)=0 GeV ATLAS-CONF-2013-037
- 0 t1 tl(heavy) t1—>tX1 0 2b Yes 20.5 t 320-660 GeV m(f})=0 GeV ATLAS-CONF-2013-024
Nnd hhL b S 0  mono-jet/c-tag Yes 20.3 ) 90-200 GeV m(E)- m(E3)<85 GeV ATLAS-CONF-2013-068
# %, (natural GMSB) 2eu(2) 1b Yes 20.7 B 500 GeV m(¥ 1)>150 GeV ATLAS-CONF-2013-025
b, hoh +27Z 3eu(2) 1b Yes 207 |& 271-520 GeV m(t)=m(¥9)+180 GeV ATLAS-CONF-2013-025
?&RZL,R, Z*ﬁ? 2epu 0 Yes 203 |7 85-315 GeV ATLAS-CONF-2013-049
5 N ,)gkafv(fv) 2epu 0 Yes  20.3 )fi 125-450 GeV )=0.5(m(f1)+m(¥ )) ATLAS-CONF-2013-049
= O XX —=%v(17) 27 - Yes 20.7 1 180-330 GeV =0.5(m(¥y )+m(X1)) ATLAS-CONF-2013-028
w3 xlx —>€va&[(vv) ELLGY) 3eu 0 Yes  20.7 Vi 600 GeV m(¥7)=m(¥ =0.5(m(¥; )+m(¥})) ATLAS-CONF-2013-035
X1X —WX; ZX& 3en 0 Yes  20.7 i%jﬁ 315 GeV ATLAS-CONF-2013-035
XiXa—-WXihi] Tepu 2b Yes 203 | i K, 285 GeV ATLAS-CONF-2013-093
B @ Direct {11 prod., long-lived ¥1 Disapp. trk  1jet Yes 203 |i 270 GeV m()?{)—ma??):mo MeV, 7(¥;)=0.2 ns ATLAS-CONF-2013-069
g % Stable, stopped g g R-hadron 1-5 jets Yes 22.9 g 832 GeV m(E9)=100 GeV, 10 us<r(#)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable 7, Bow(e, f)st(e,u) 1- 2/1 - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
S 8 GaMSB By, long-lived & 2y - Yes 47 0.4<r()<2 ns 1304.6310
- §a, X1—qqu (RPV) 1, displ. vix - - 203 |a 1.0 Tev 1.5 <cr<156 mm, BR(u)=1, m(f})=108 GeV | ATLAS-CONF-2013-092
LFV pp—¥, + X, ¥r—e +pu 2eu - - 4.6 A4,,=0.10, 213,=0.05 1212.1272
LFV pp—¥, + X, ¥—e(u) + 1 Tepu+t - - 46 A3;,=0.10, 24(2)33=0.05 12121272
> Bllmear RPV CMSSM 1eu 7 jets Yes 4.7 m(g)=m(g), ctisp<1 mm ATLAS-CONF-2012-140
& iiﬁ”? - W)( Hoeety epve et - Yes 207 [0 760 GeV mEE)>300 GeV, A2, >0 ATLAS-CONF-2013-036
W WL B orrig, e, Beu+t - Yes 207 x% 350 GeV m(¥3)>80 GeV, 413350 ATLAS-CONF-2013-036
&—qqq 0 6-7 jets - 203 | & 916 GeV BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g-ht, hiobs 2e,u(SS) 03b Yes 207 |& 880 GeV ATLAS-CONF-2013-007
. Scalar gluon pair, sgluon—qg 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
_‘1:9 Scalar gluon pair, sgluon—tt 2 e,p(SS) 1b Yes 14.3 ATLAS-CONF-2013-051
"O" WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit 0of<687 GeV for D8 ATLAS-CONF-2012-147
Vs=8TeV 101
full data Mass scale [TeV]
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Exotics

ATLAS Exotics Searches* - 95% CL Lower Limits (Status: May 2013)

| [T TTTT I I T TTTT
M, (5=2)

Large ED (ADD) : monojet + E; ..
Large ED (ADD) : monophoton + E, .. M, (5=2)

@ Large ED (ADD) : diphoton & dilepton, m.,,,, M, (HLZ 5=3, NLO) ATLAS

2 UED : diphoton + £y ... Compact. scale R Preliminary

2 s'iz, ED : dilepton, m, Mg~ R’

g RS51 : dilepton, m, Graviton mass (k/Mg = 0.1)

5 RS1: WW resonance, m; Graviton mass (k/Mg, = 0.1) y

. Bulk RS : ZZ resonance, m,, Graviton mass (k/M,, = 1.0) Lef=(1-20)fb

[ = = .

= RS g — tt (BR=0.925) : tt — |+jets. m g, mass

= -

o ADD BH {M,,, /M,=3) : SS dimuon, N, .. My, (5=6) fs=7,8TeV
ADD BH (M,,, /M,=3) : leptons + jets, p M, (5-6)

................................................. Quantum black hole : dijet, F,(m,) M (5=6)
A

&) qqll CI - ee & L, 1"5” A (constructive int.)
uutt Cl : SS dilepton + jets + £, .. A{C=1)
"""""""""""""""""""""""""""""""""""""""""""""""""""""" Z(SSM)mewpp =20 1", 5 oV [ATLAS.CONF-2013.017] 286 TeV 7" Mass
Z' (SSM) i m.. |L=4.7 6", 7 TeV [1210.6504) 14TeV 7' mass
. Z' {leptophobic topealor) : tf — |+j&t$,m1 1=14.3 10", 8 TeV' [ATLAS-CONF-2013-052] 1BTe¥ 7' mass
W (SSM) 1y, [e=a7 w7 Tev [1209.4446) 255Tev W' mass
W i—=tq,g =1) M [L=47 7, 7 TeV [1209.6503) 430 GeV_ W' mass
________________________________________________________________________ W' (= th, LREM) -, [ia5 570 tov ATLAS cone ars a0 184TeV W' mass
Scalar LQ pair (5=1) : kin. vars. in egjj, evjj |t=10"7 Tev [1112.4626) e0Gev T gen. LQ mass
g Scalar LQ pair (#=1) : kin. vars. in pujj, uvjj |c=1.0m" 7 Tev [1203.3172) escev 2" gen. LQ mass
.................................. Scalar LQ pair (B=1) : Kin. vars. in ztjj, Tvjj |e=47 " 77e¥ 11303.0526) 5346ev 3% gen. LQ mass
o ] 4" generation : 't — WhWh |£=47 fb". 7 TeV [1210.5466] 656 Gev | I' mass

=-<  4th generation : b’b" — S5 dilepton + jets + Er e [L=183157, 8 TeV [ATLAS-CONF-2013.051) 720 Gev_ b' mass

g g Vector-like quark : TT— Ht#X =143 8 Tev JATLAS-CONF-2013-018] 790 Gev_ T mass (isospin doublet)
........................................................... Vector-like quark : CC,m,,, |£=46 ™7 TeV [ATLAS-CONF-2012-137] 1427Tev. VLQ mass (charge -1/3, coupling x o =vimg)

Excited quarks : y-jet resonance, m
3 E Excited quarks : dijet resonance, Fﬁ;
058 Excited b quark : W-t resonance, m,,,
Excited leptons : l-y resonance, m
B ....... T é'éh'ﬁiiﬁéd'r'bﬁé'('Léﬁj'j";"d'i'l'é'p't'b'ﬁ;ﬁi;;;“"'
Techni-hadrons (LSTC) : WZ resonance {iIl).m
. Majnrﬁr:eulr_ (LRSM, no mixing) : 2-lep + jets
L Heavy lepton type Ill seesaw) : Z-l resonance, m
g Y r%‘ (DY p(rgdp., BR{H“L*—;ug:n : 85 ee (u), mZ”'
Color octet scalar : dijet resonance, m;
Multi-charged particles (DY prod.) : highly ionizing tracks mass (|g| = 4e)
....... Magnetic monopoles (DY prod.) : highly ionizing tracks T lr[‘aSS | Lol R

q* mass

g mass

b* mass {left-handed coupling)

[* mass (A = m{l*))

p fe, mass (mip fo) - min) =M )

p_mass (mip )= mix,) +m,. m(a})=1.1mip,))
N mass (m(W_) = 2 TeV)

N* mass (|V, | = 0.055, |V | = 0.063, |V | = 0)

H.* mass (limit at 398 GeV for uu)

Scalar resonance mass

. 10" 1 10 10° —
P. Conc Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena shown
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> Jet suppression in central Pb-Pb collisions:

J
I

) dN/JA

evt

(1/N

) dN/dAQ

evt

(1/N

40-100% 8;

) dN/dAG

(1;"N‘wt

= 4

T T 4 T T T T
20-40% @ 10-20%
z w

) AN/dAQ

evt

(1/N

Heavy Ion Physics highlights in Run I

1 2

AJ . ET B ET

— 71 2

ET + ET
© s I:2.?’6 Tei-’ O—'iO%
L““ ATLAS
" Pb+Pb

) dN/dAG

evt

(1/N

T OHuING+PYTHIA

++ L =17 pb'1_

L

—_—
® Pb+Pb Data
O p+p Data
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Heavy Ion Physics highlights in Run I

1 2
> . . . . . A, = ET - ET
Jet suppression in central Pb-Pb collisions: I = Bl B2
T + T
=4 T T Il T T T T 4 T
< 40-100% : 20-40% - 0-10%
b 4 @ ATLAS
= ° L ] Pb+Pb
zE ‘EE =" :1.7J.Lb-1
= 2 = {1 = A .
1
]
e 0.6 o B‘E.'E“_W
A, Ay
= =
g 3
= =
° 2
z* z* ‘
107 10"
107
2.5 3
Ad
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Heavy Ions highlights during Run I

§Egi“
:
L1 P

> Central to periferal jet production > Jet suppression in y-jet
ratio p-Pb collisions @ 5.02 TeV_ even%t-s"l_
o1.210-10%/60- 90% 110-10%/60-90% I T TPbPh collisions
1t : @ 2.76 TeV
M n é 0 ] T;l’ -
I Ug "e*8, __:_J'?% I °© o o
osf [M_ Il'::'ﬁ 1-__ E@ . i :
odf i Ty Iﬁfﬂm * Bl ﬁ ] VY. I— + --------------- + --------------------- .
T Te % T ' anti-k, R=0.4 4‘“%” t | ® R=02Data -
o E'Y JE relimina 4
02; o | ﬁfﬁﬁﬁe'rev L,r:_:n nb‘ ] I O:;Efs"::r':::;‘a
o©1.2[30-40%/60-90% | ] '30-40%/60-90% ' ] [ Pb+PoL,=0.13nb"
[ . J§ ] VSy=2.76 TeV

N

1_ o TI‘L%‘E""""""_" -_.__--: I% O i gt IRULELLAA | v b by by |.
0.3! Jiii ;F::T'n 4 5@%’ #‘& ! % 100 200 300 400

L oo, T 1f a
o ¥4 MR ! : P
0.4f e 08<y <03 I[ — 28<y <21 ; Jet suppression increases
02F = 12<y7<08 Jf —v--36<y <28 Jwith pT and y*!

; ——-21<y*<-1.2 E;l—x—-4.4<y*<-3.6 ]

20 700 500 100 o — ©ame dependence in p!

p, [GeV] p,x cosh(y*) [GeV]
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Physics at Vs=14 TeV

Fermilab SSC

CE“M gLHfl > Moving from 8 TeV to 14 TeV the cross

sections of the following processes
increase by

Top quark production ~ a factor 4
Low mass Higgs boson ~ factor 3

Exotic heavy particles, like Z', up to a factor
10
> Background processes, like W/Z boson
production or jet cross sections increase
“ more slowly

=
o
[

@ (proton - proton)

1nb |-

Events /s for &= 10%* cm=2 s~

O-= {m

a9 — = 500 GeV)

g="
.-

bl o : > The sensitivity improves considerably!

10

10

0.001 0.01 01 1.0 40 100
Vs TeV
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LHC Upgrade Schedule

The LHC Forecast o
C}Qo
el

7-8TeV 14 TeV

1027— 7x1033 o X]1024

<p>=20 <u> =140

Phase - 0 Upgrade
Phase - 2 Upgrade
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Why do we need so much luminosity?

P. Conde Muino LIP Seminar 6 March 2014
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!i“ The SM 1s incomplete

Why is the universe
dominated by matter? e

£\
4 )
96% of the universe ? 0%
dominated by dark . %
matter/energy
3

4 \7 \

\_~ What are they? )

> Why is the Higgs ‘)J

®
mass so low?

cO 0\0Y

Tecn Hidden

sector?

[> Neutrino masses? ? J .
O ot
&edﬁl%g E Why is gravity so ‘) J

weak? ®

Extra-
dimensions?

P. Conde Muinio LIP Seminar 6 March 2014 22



Some of the Upgrade Physics Topics

SUSY

Standard Model
Exotics .
Searches Quartlc Gauge

Boson Couplings

Quark Gluon Top quark
Plasma physics
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The stability of the Higgs mass

P
H t w,Z
Mj; = Mgare-l- (H”H) +(_1_‘I_ = H) +(H{:§;)
~mt2A2/ t t
> Cancel out large terms: S s S s
Stop — SUSY H s H H : H

But... stop mass cannot be much larger than the top mass

Avoid fine tunning!

> Given the observed mass of the Higgs boson, the stop mass should
not be much larger than 1-1.5 TeV

Accessible at the LHC?

P. Conde Muinio LIP Seminar 6 March 2014 24



[

SUSY at high luminosity

t
'_-q 000 i T U L] 1 Ll I L) L) T J I 1 1 l LI T L) I L] I T | 1 L
% ATLAS Simulation Preliminary = :
g 900 \s=14 TeV =300 fb"! (<u>=60) 56 discovery - i X1
o = ==300 fb! s<p>=60] 95% CL exclusion 3 -
% 800 =3000 fb" (<i1>=140) 56 discove = -
= 23000 fb™' (<p1>=140) 95% CL exclusion = T~a o
700 EATLAS 8 TeV (1-lepton): 95% CL obs. limit { X
DJATLAS 8 TeV (0-lepton): 95% CL obs. limit  p
.‘-llllllllllll'...... t

..-lll.-.
st

Present
limits

600

. [GeV]

Is= 14 TeV ATLAS Simulation Preliminary

«++= 3000 fb™' exclusion, p = 140
--=- 300 b exclusion, u = 60
8 TeV, 20.7 fb™' exclusion
3-lepton channel . i

e,

- aane .

.

i b Y
.

IIIIIIIJI|IlII!IIIIIIIIII][IIlII

m

500

1 L | Il 1 1 1 L 1 : L 1 1 J. 1

200 400 600 800 1000 1200 1400

EEoWLZE o

> With 3000 fb-1 we increase the reach by *f m-m . .. "y
~200 GeV for the stop searches E - , g i
~300 GeV for the chargino neutralino 100 g’ 7
searches TN LN

II|II IIIIIIIIIIIE'IIII
900 300 400 500 600 700 800 900 1000 1100 1200

m_., m_, [GeV]
X %,
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:
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> Vector-like quarks appear in certain
models to cancel Higgs mass

divergencies

Little Higgs, extra-dimensions

> Left-handed and right-handed
components transform in the

Vector-like quarks

g Z HWT
q.q'
Z, HW*
J 7.7

E - — 8NP - 300fb at {E=14TeV with <N, »=0
E‘ | — a:p-anoolﬁ‘.:lii-::«t:ﬂ."v.;l;n:lquinn
same way under SU(2) i il ks e
E —— {hEory
- arXiv:1309.0026
0%
10°
E 95% CL Exclusion
L oo b v by by o by v by by g by oy |
400 600 800 1000 1200 1400 1600 1800 2000
my [GeV]
P. Conde Muino LIP Seminar 6 March 2014 26



Some of the Upgrade Physics Topics
T~

Standard Model

Exotics ,
Searches Quartlc Gauge
Boson Couplings

Quark Gluon Top quark
Plasma physics
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Higgs physics 1n the next 10 years

§Egi“
:
L1 P

In the absence of direct evidence for new physics, the Higgs will be
> Fundamental to test the validity of the SM!
> Probe of new physics

With 10 times more data:

> Precise measurements of Higgs production/decay rates,
couplings and mass.

> Search for rare/ new/ invisible decay modes.

> Measurements of tensor structure of Higgs couplings and
possible CP violating contributions.

> Search for additional Higgs bosons beyond the Standard Model.
With 100 times more data
» Measurement of Higgs self-coupling becomes possible

P. Conde Muinio LIP Seminar 6 March 2014 28



Higgs physics 1n the next 10 years

§Egi“
:
L1 P

In the absence of direct evidence for new physics, the Higgs will be
> Fundamental to test the validity of the SM! A
> Probe of new physics

With 10 times more data:

> Precise measurements of Higgs production/decay rates,
couplings and mass.

> Search for rare/ new/ invisible decay modes.

> Measurements of tensor structure of Higgs couplings and
possible CP violating contributions.

> Search for additional Higgs bosons beyond the Standard Model.
With 100 times more data
» Measurement of Higgs self-coupling becomes possible
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Higgs @ 14 TeV

t _| T T | T T T | T T T | T T T | T T T | _2
g _ "
107 = 5 bb {2
g \s=14TeV 32 = | 18
< il 101 )
+ g _— — =
I B + ‘ ! 7
1 3 % - cc ~ 7
o g : -

(o} ] 172]
] . 3102 E
1 T | :
‘ SN 1030 " 00 120 140" 60 180 200

100 200 300 400 500 1000

M [GeV] M, [GeV]

> With more data

Rare decays _
_ _ Become accessible
Rare production mechanisms
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P. Conu

ATLAS Simulation Preliminary
(s = 14 TeV: |Ldt=300 b ; jl_dt=3ooo b

(comb.
(incl.
(ttH-like

H—tt (VBF-like

H—Z7 (comb.

H—pp )
)
)
)
)
(VH-like)
)
)
)
)
)

(ttH-like
(VBF-like
(ggF-like
H—->WW (comb.
(VBF-like

(+1)) PR

(+0)) ERH
(incl.)
(comb.)
(VH-like)
(ttH-like)
(VBF-like)
(+1))
(+0j)

H
“
“l
m
i

-

-

ooooooooooooo

H—Zy
H—yy

ATL-PHYS-PUB-2013-014

> Observe different production
modes in each decay channel!

> Even for H—>pp!
> Many channels will have

Higgs signal strength projections

uncertainties at the 10% level with

3000 fb™

Ap/W ar 6 March 2014
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LI i“
[

L 0§ [P ATL-PHYS-PUB-2013-014

Higgs couplings projections

ATLAS Simulation Preliminary

P. Conde Muinio

LIP Seminar 6 March 2014

> | L =
- ATLAS Simulation Preliminary t g ' h \s =14 TeV: JLdt:SOO ol : ILdt=3000 !
12_ J_Ldtsoofb_1 Z,i :::_E I
- ) -1 /’i’ : E . Kgz : | |
- — [Ldt=3000 fb et Lo ] ;
107 e =
- i 7
i T /’// I
o P _
5l e \'s = 14 TeV ]
10 = IJ.///’ E
- £ E
II‘ 1 1 11 \\II‘ 1 1 11 I\II‘ 1 1 11 IIII|
10" 1 10 10°
my [GeV]
Snowmass 2013
Model Ax, AKT Ak,
Singlet mixing 6% 6% 6%
2HDMs 1% 1% 10%
Composite Higgs -3% -9% —(3-9)%
posTe Tag £ 0.1 0.2 0.3
Vector top partner 2% 1% 2%
Decoupling MSSM | -0.0013% <1.5% 1.6% AM =A( &)
XY Ky
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LR TN
7

= !Z H—>7 /7 vertex tensor structure

H

N L .
Generic Higgs coupling vertex to a vector boson OP-Even tree lovel

AX -5 VV)=01 ( gOm2ete; 4— component
g0 ) pr@um | o0) pr(1)w f;gz)ﬁ_%“+ CP-Even
+ g f;,(,l) F(2) v - l.oop .1nduced
CP-0Odd contributions
» CP-conserving tree level SM:
g1=1,92=g3=9g4 =0
> CP violation in the Higgs sector:
g4+ 0, either g1 or g2, g3 +0
> Sensitivity to new vertex contributions

through angular distributions of the
Higgs decay products
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§Egi“
:
L1 P

H—>Z7 vertex tensor structure (1I)

> 8D fit to distributions of kinematic variables (MasMz,,,012, @, @1 ,6%)

> Free parameters: real and imaginary part of g2, g4 relative to g1
ATLAS-PHYS-PUB-2013-013

S P ATLAS Simulation Preliminary ] %:; g
s O 8DFitg/g | & 1'5; o
i ] 1 Sensitive test
05" ERL of the tensor
o E % structure at
057 E "’f; the HL-LHC!
4 - ye
1.5 3000 fo™": 68%-95%CL E 1.5[-3000 fo™": 68%-95% CL h
E 300fb 68/ -95% CL ] E 300fb 68/ 95/ CL ‘AE
2 0s 0 0 1 i 2 2 s 050 05 1 15 2
%R(g,)/g, %R(g,)/g,
Luminosity | lgsl/g1  R(ga)/g1 Iga)/g1  lg2l/lgr Rig2)/g I(g2)/ 91
300 bl 1.20 (-0.88,0.91) (-1.02, 1.05) 1.02 (-0.84,0.44) (-1.19, 1.18)
30001b-! 0.60 (-0.30,0.33) (-0.39,0.42) 0.60 (-0.30,0.11) (-0.71, 0.68)
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High mass Higgs searches

> Many extensions of the SM predict more than one Higgs

> 2 Higgs Doublet Model
Add one more complex doublet

Predicts 5 Higgs bosons:
2 CP-even (h, H)
1 CP-odd (A),
2 charged (HY)
> Parameterized in terms of tanB = v /v1. and a = mixing angle CP

even bosons

> Modified couplings to h (SM-like Higgs boson):

Coupling strength Type | Type 11 Type 111 Type IV
Ky sin(f — @) sin(8 — @) sin(f8 — «) sin(8 — @)
Ky cos(a)/ sin(B) | cos(a)/ sin(p) cos(a)/ sin(f3) cos(a)/ sin(p)
Kd cos(a)/ sin(B) | —sin(a)/ cos(B) | cos(a)/sin(B) | —sin(a@)/ cos(B)
Kj cos(a)/ sin(B) | —sin(a)/ cos(B) | —sin(a)/ cos(B) | cos(a)/ sin(B)
39
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?!;!i;“ High mass Higgs searches:A—>Zh—1lbb

ATLAS-PHYS-PUB-2013-016

= 50000 F——————————— = 10°F L B BN NN BN

- | e — -

8 45000E. J.Ldt=3000 W' A zh, m, 360 GeV__ = s N 3

o : | ] ﬂ = D B Xpecte 5 ]
- = s=14TeV 3 i

:;400005 S e Zbb+Jets 3 = 10 10 _

£35000F i Z+Jets = T - 3

Q - b= = 20 B

(2130000 ;— zZ —; ﬁ - - - - - Expected, _[Lm=:!uum" ]

25000 3 T 4L _

20000F = < ' E

15000 = e . R LT N

10000F- - X o'k |

50005 E = - ATLAS F’rellmlnary Simulation 3

3 ATLAS Prehmmary S|mulat|on‘ 1 - J‘ ~

- ‘_l_‘_l_l_. = =

0 500 500 =00 % B Ldt 3000 fb 'I_—14 TeV | | | -l

m, [GeV] 5 10 300 400 500 600 700 800 800

m, [GeV]

> 95% CL upper limits on oxBR:
Between 5-0.07 fb in the mass range between 200-900 GeV
with 3000 fb™' of integrated luminosity

> 3-4 worse limits with only 300 fb™ of accumulated luminosity
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Higgs as a portal to dark matter

> WIMP: assumed to interact very weakly with visible matter, except
for the Higgs boson

> Search for invisible Higgs decays
Assume couplings to other known particles as in SM

> Interpreted in terms of dark matter particles coupling only to Higgs

SeCtOr F‘ Tll T T T LI I| T T T T 1rrrr T T T T T 177171
E 1[]'37 — XENON 100
. L. 8,109 Higgs Portal model for ATLAS —— XENON 10
Exclusion limits dependent s, . m—rii
= I cRESST
. Q 10_40 i [_Jcomszs
on WIMP spin B 104 oo
g 10_42 = \ E:f:::calar DM
WIMP mass < 2mH 5100 EE— \ oty
c 10
8404
T et ——
2 BE L otSRaed
Q10 B il ATLAS Simulation Preliminary
:‘Ig_so """"""" Higgs coupling combination
por et i n -1
101 | | ﬁ._’fﬂ.e\{’ .I.ij.tfmoo.fb £ S g g

03

1 10 10° 1
DM mass [GeV]

ATL-PHYS-PUB-2013-015
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Some of the Upgrade Physics Topics

SUSY

Standard Model
Exotics .
Searches Quartlc Gauge

Boson Couplings

Quark Gluon Top quark
Plasma physics
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Eﬂ i“
:
L

> Non-abelian structure of the Electroweak interaction in the SM
implies the existence of triple and quartic gauge boson couplings

Weak force

Lwea = -1/4F@ F@ 4 i (y4D,) -m)¥,

where:
D, =9, +igTaWsa,
a is sum over 3 gauge bosons
T2 = 0.5*Pauli spin matrices (PDG!)
We, is weak gauge boson field

F(a)uv =d p,wav -0 vwap, - gseabcwbuwcv
€.nc = SU(2) structure constants N

F,,F# contains triple,
quartic couplings

Quartic Gauge Boson Couplings

P. Conde Muino LIP Seminar 6 March 2014
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?! i“ Quartic Gauge Boson Couplings

> In the SM, triple and quartic gauge boson couplings constrained by
the symmetries of the Lagrangian

> Very precise predictions:
WWWW, ywyWW, WWZZ exist

Z/Z/ZZ not present as quartic gauge boson coupling, but mediated by the
Higgs at tree level

yyZZ: only at loop level
> WWWW:
Related to the EW Symmetry Breaking mechanism:
Longitudinal modes are Goldstone bosons
Beyond the SM physics can modify the quartic gauge boson
couplings
Extra-dimensions
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ATLAS
LHC beam High pT ev\(%
— LY
Diffracted
206 m protons
214 m 3D Si
214m DS
Timing

> Tag and measure protons at 210 m
> Radiation hard edgeless 3D Silicon

detectors

> 10 ps timing detectors
Allow running in high

Associate protons with correct primary

vertex

pile up conditions

AFP

> Forward proton tagging
converts the LHC in a yy
collider!

p

P.)Conde Muino

LIP Seminar 6 March 2014




;!;“ Search for yyWW anomalous couplings

e Reach on anomalous couplings studied using a full simulation of the
ATLAS detector, including all pile-up effects; only leptonic decays of
W' are considered

e Signal appears at high lepton pr and dilepton mass (central ATLAS)
and high diffractive mass (reconstructed using forward detectors)

e Cut on the number of tracks fitted to the primary vertex: very efficient
to remove remaining pile-up after requesting a high mass object to be
produced (for signal, we have two leptons coming from the W decays
and nothing else)

"I_ 1 04 El LILIL} | LELELEL | LELELEL I LU | LELELEL I IIIIIIIIIIIIIIIIIII ?

>  10° pT e g E ATLAS Preliminary — anfAE—5x1 0 GeV 2 3
& pp in AFP — a0w/A?=10" GeV? 8 ol o=10ps, pp in AFP -+ -+ Non-diff. Background -
104 2_40°5 -2 i 10°E - .- Diff. Background 3

S ATLAS Preliminary a0w/A°=10" GeV - : - -
- 5 --- QED WW Q8 - === tt + single top .
> 10 § 12k - Drell-Yan N
o i 3 E
= 2 = =
10 10 Bt Fopemg s R
g | o FT eyl
c i T 1
I.;gJ 18 "'ll"lr'l" =1 =
1 0—1 § 1 I:I -Il{ §

10 I b

ol B B [EPETIE S NI AT AU AN SN AU ATRUAT AT A A | A A
1075502030 40 50 60 70 80 0

-3 i 'l 1 L i i 1 i L I L I 1 L ! Il L Il
10" 500 1000 1500 2000 2500 # of tracks in PV
Reconstructed mass m, [GeV]
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Expected limits in QGBC

Couplings | OPAL limits | Sensitivity @ £ = 30 (200) fb~*
[GeV—2] 50 95% CL
ay /A% | [-0.020, 0.020] | 5.4 10°° 2.6 10~°
(2.7 1079) (1.4 1079)
o /A2 | ]-0.052, 0.037] [ 2.0 105 0.4 109
(9.6 10-9) (5.2 1079)
af /A* | [-0.007, 0.023] | 1.410°° 6.4 107°
(5.5 1079) (2.5 1079)
ag/A* | [-0.029, 0.029] | 5.2 107 2.4 107°
(2.0 1079) (9.2 1079)

> Improve LEP sensitivity by more than 4 orders of magnitude with
30/200 fb™" at LHC, and of DO/CDF results by ~2 orders of magnitude

> AFP improves the results obtained with central detector only by 2
orders of magnitude

> Reaches the sensitivity needed for extra-dimensions models!!
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Vector boson scattering

9 9 M. Mangano ||

;{(
e S~y
|
N
o
+
ol
o

- -~ - ~ *

e W' ~CEYMw?  ~ [-C+E] EYMw2

> Divergence in WWWW scattering was the original motivation to
introduce the Higgs mechanism

> Measure this process: closure test of the SM

Sensitive also to new physics: additional Higgs bosons, other
scalars, new heavy bosons, ...
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Same sign WW scattering

2 2 > Experimental signature
f : .
. ; Two leptons (same sign), large missing E_
“‘}—T f Two forward/backward jets with m > 1 TeV
3 > Sensitive tofdlmensmn 8 operators
S0
Lsp = 75 [(Du9) D) X [(D*9)' D"9)]
-§ 5 ATLAS Simulation Prleliminary .VBS SSWW (SM) § 2 1GZ_ ATLJQS B i |
c 3500 4 - ® 9 Simulation E
L : f L = 3000 fo /- SM VBS ssWW + J & o iminary
3000 fsa=10T9V““ - § 8 S
- = e TE ]
2000;_ SM WZ + mis-ID _i 5m £
15001 . 4 .
5 e 3f |
s 7 E of E
500 B J :
F 1 [T N NN [N VNN TN TR (R SN N NN (N WY TN W Y TNV MY |
1 2 3 4 5 2 4 6 8 10

my, [TeV] fs/A* (VBS W*W*—[*vi*v) [TeV]
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- Some of the Upgrade Physics Topics

SUSY

Standard Model
Exotics .
Searches Quartlc Gauge

Boson Couplings

Top quark
physics

Quark Gluon
Plasma
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FCNC 1n top quark decays

u,C U, C R
t—< t—éq,f,v t—é
¥ (j,f"',ﬂ' 9

BR(t = FCNC) in several models:

SM QS 2HDM FC 2HDM MSSM R SUSY TC2 RS
t—=qy ~107% ~107° ~107% ~10° ~10® ~10® ~10°® ~10°
t—=qgZ ~107% ~107% ~1077 ~1071° ~10® ~10> ~107% ~10
t—-qg ~10712 ~1077 ~107% ~10"% ~10° ~107% ~10"% ~107°
Acta Phys. Polon. B35 (2004) 2695-2710; Phys. Rev. D68 (2003) 015002; Phys. Rev. D 75 (2007) 015002

present experimental limits:

LEP HERA Tevatron LHC
BR(t — q7v) 2.4% 0.47 % 3.2 % —
BR(t — gqZ) 7.8% 30% 3.2 % 0.05%

2.0x 1074 (tug) 5.7 x 107> (tug)
BR(t—=qg) 17% 13% 3.9x 1073 (tcg) 2.7 x 1074 (tcg)
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FCNC 1n top quark decays

—_ 1EIIII\II| | I\II\II| I I\\I\I\| I I\\ml\‘ I I\IIIH‘ I I\Illlz
. _ . ™~ - -
> With 300 fb™" ATLAS will - i I
improve the sensitivity to FCNC %’10-1: LEP REGIONS |
in top quark decays by ~ two - C;oF N £
orders of magnitude 102k .
) 4o e - ATLAS (21b™) 3
> With 3000 fb™' limits in the BR F ovs (4510 i
_ -5 -5 3L H1 _
can reach ~107-5x10 107 A8 Simulation (@euonty) 3
~ exirapolated to 14 TeV: J
10% ... : . ZEUS 3
= T i—s 300ib" ” (geuonly) 3
Fe==== : ' (sequential) 7
- 3ab’ -
51 1o (sequential) |
107 i+ 1 5 3ab’ s
- o ' (discriminant) 3
_I L1rlln : I:I \II\:I' | I\\I\H' 1| \\ljl\‘ | \IIIH‘ | I\IIIIT
10°  10*  10°  10% 10" 1
BR(t— qy)
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- Some of the Upgrade Physics Topics

SUSY

Standard Model
Exotics .
Searches Quartlc Gauge

Boson Couplings

Quark Gluon Top quark
Plasma physics

~_
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I

!i;“ Heavy Ion Physics during the Upgrade

> Not only the pp physics will benefit from the Upgrade!

Run I: | |
. Vsws (TeV) n > Run II: 5-10 times higher stats!
year system Synile int ]
_ Pb-Pb ~1nb”" @ Vs, ~ 5.1 TeV
2010 Pb-Pb 2.76 ~ 10 pb-*
p-Pb (at increased luminosity?)
2011 pp 2.76 ~ 250 nb-"
pp reference at Pb-Pb energy (5.1
2011 Pb-Pb 276  ~150 b TeV)
2013 p-Pb 502 ~30nmb" | Extend current results to larger
2013 pp 2.76 ~ 5 pb-’ energies. Explore new observables

> Run lllI, IV: experiments request
>10 nb™" Pb-Pb
p-Pb high luminosity, pp reference 5.5 TeV,
possibly light ions (e.g. Ar-Ar)
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Heavy Ion Physics @ high lumi

Focus on rare probes, study their coupling with QGP medium and their

et

(medium-modified) hadronization process

Y

Jets: characterization of energy loss

testing ground for the multi-particle
aspects of QCD

probe of the medium density

Y

1035| T T T T T T T T T T

Heavy flavour:

3 N ANt Jet R0z '3

mass dependence of energy loss g i ++++++*+ . pj’::::m:v :

> Quarkonium dissociation pattern and [ hum. Ty o e
regeneration o $ # ‘Hﬂ Aas
probe of deconfinement and medium i [simudstion]

temperature 1#

0 0.5 1 1.5 2 2.5
Py Ip?

P. Conde Muinio LIP Seminar 6 March 2014 51



Summary and conclusions

| I—
WE FOUND THE HIGGS. NOW, WHAT ELSE CAN
- wzﬁowrmmt_m.:)

> Very successful LHC Run |
Higgs discovery
But no new physics observed

> We know there is something more
The SM is not the end of the story

> We will use the LHC to try to find
the answer to many of the
unknown questions

: Precision studies of the Higgs
WE STLL HAVE A _ | sector and SM predictions

LOT OF QUESTIONS, ~

Searches for deviations from
predictions

Direct searches for SUSY or other
new physics
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Backup
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E! i“ Indirect limits on 2HDM
LI P

> Use Higgs rate measurements in different production and decay
modes to set limits in the tan B, cos (B—«) plane

Limits depends on the 2HDM type

> Considerable improvements in the limits after 3000 fb™" of integrated
luminosity

o Y e IR B T
c I~ Expected 85% GL Limit
E |- on 2HDM Type Il

IAITLIAISI Slirrl1ullatl|0|l1 IPr.eIiIminall
Vs=14TeV
Ldt =300 o™ Allunc.

ry
. Lt = 300 fo™" Mo theory unc.
............. Lt = 3000 b All unc.
3

Lt =3000 16" Mo theory unc.

tan B
-

AL e e L e

Expected 85% CL Limit ATLAS Simulation Preliminary
on 2HDM Type |

5[ creriierene

a
Vs=14TeV
Ldt = 300 5" All unc.

€
€

Ldt = 300 fb": No theory unc.

------------- Ldt = 3000 fo": All unc.

Ldt = 3000 fb™": No theory unc.

-0.08 -0.06 -0.04 -0.02

0 002 0.04 0.06 0.08

cos(p - o)

(b) Type I

(a) Type 1
P. Conde Muino

ATL-PHYS-PUB-2013-015
LIP Seminar 6 March 2014
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Selection conditions

Cuts Top | Dibosons | Drell-Yan | W/Z+jet | Diffr. | a /A*>=5-107° GeV~2
timing < 10 ps

PP > 150 GeV | 5198 | 601 20093 1820 | 190 282

p';'fp‘ > 20 GeV

M(1)>300 GeV | 1650 176 2512 g 176 248

nTracks < 3 2.8 2.1 78 0 51 71

Ad < 3.1 2.5 1.7 29 0 28 56

my >800GeV | 0.6 0.4 7.3 0 .1 50

pr’ >300GeV | 0 0.2 0 0 0.2 35

Table 9.5. Number of expected signal and background events for 300fb~! at pile-up u = 46. A time
resolution of 10 ps has been assumed for background rejection. The diffractive background comprises
production of QED diboson, QED dilepton, diffractive WW, double pomeron exchange WW.
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Diffractive physics with AFP

Eﬂ i“
:
L

Centrgl Exclusive production

E:

> Higgs
Higgs, die, Good mass resolution from p energy loss (~2-3%)
. Tests J°¥ & improve b-Higgs coupling measurement
B > Di-jets

Test QCD calculations

P

Exclusive Diffractive (3)

Triple and quartic anomalous gauge boson couplings
107

signal - agvm?:z x 10° GeV?

o sead > Exclusive production of WW via A_
& W photon exchange (g, ., Wellkno»

—

events for 30 fb!

£ in acc.
MET > 20 GeV

> Diffractive mass computed from p energy loss
Large mass tails sensitive to anomalous couplings

> Improvement of LEP sensitivity by more than 4
orders of magnitude with 30-200 fb™
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AFP background suppression and acceptance
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o . E o - ad R
o 04p ERER S / . =
';,‘J'J" u ] - o/ R = 3
o 03F = - -/ T .
8 E 1 S 5[/ / R
=4 5 1 ¢ 107g/ S =
.§ E . ‘S o // I Detector position 2 mm
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mass of two-photons [GeV]
<u>
> Very good mass resolution (few %)
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Vector-like quarks

Eﬂ i“
:
L

_ _ _ g Z HWT
> Vector-like quarks appear in certain

models to cancel Higgs mass
divergencies

q.q"
Z H W=

Little Higgs, extra-dimensions

> Left-handed and right-handed 4 7.q
components transform in the same way
under SU(2)

> |In some models, they interact mainly with
third generation quarks

y Ht)

BR(T

Model independent search:
Scan over BR's in a 2D plane
Assume sum BR = 1

BR(T —+ Wb)
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Vector-like quark searches

> Use sensitive variables to discriminate against SM backgrounds

> Example of the T—>Zt+X channel

0.5I['I[I'III'II[]II'II['II

I[]II'III

- - [ ]
= = ] - e o e S
O gasf ATLAS simulation  [77777] gackground ] &  n anas fua= 38 o gl
o - Preliminary  Vs=8TeV o T Prelimi : bomom
o - BB (600 GeV) 0 = - E—— GzaTey I 2 5
7 o 3 E a S
.9 o =  es«ssuss TT (600 GaV) 1 E : 6B 600 GeW) :
— 0.35_— =1 = - smrmEnEnn 1T {600 GeV) —
S - 3 G 8~ T Unceriny
us 03 -] - 22 b-tags -
c = 3 61— -]
O 025 - : ]
= 02 =
w = ]
015 2 =
0.1 - ... s
- = 151 ;
0.05F § 7 P
= a 17 ¢ 7 /
= T o ) v B pevpe T e ﬂ.5/;;' ){ /1 4 / -
0 200 400 600 800 1000 1200 1400 . : 2 1 L L L
0 200 400 600 800 1000 1200 1400

m(Zb) [GeV]

m(Zb) [GeV]

P. Conde Muinio LIP Seminar 6 March 2014 59



Vector-like quark limits

ATLAS Preliminary
N = 450 GeV Status: Lepton-Photon 2013
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