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LHC: so far Delivere

Example: CMS publications

Showall Total QCD @ Exotica Searches | Supersymmetry B Physics Electroweak

Top Physics | Heavy lon @ Higgs @ Forward Physics | Standard Model | | Beyond the SM: B2G

320 papers submitted as of 2014-07-10

320 publications on
pp (and pPb/PbPb)
physics since
January 2010
(19/7/2014)

Mostly on exotica
searches and
supersymmetry
(>100 papers
together)

Similar for ATLAS



Most cited paper so far...

Special Physics Letters B edition
with the ATLAS and CMS CMS
papers on the Higgs Dlscovery
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About ~3000 times
cited so far...



AHiggs...

m, = 125.6 + 0.4 GeV

A malicious choice!

Strumia

50 60 70 80 90 100 110 120 T 130 140

The Higgs:
so simple yet so unnatural

Stockholm Nobel Symposium
May 2013

Guido Altarelli

But there are still a lot of questions...



Consequences for our Universe? .

Precise measurements
of the top quark and

Important SM parameter — stability of EW vacuum first measurements of the

1| P— R— T —

g e 100 ] Higgs Mass.

> | Instability - . Meta-=stability

£ mpE= _ Our Universe meta-stable ?

g | %29 _ Will the Universe disappear

& o} ‘ : in @ Big Slurp? (NBCNEWS.com)

ic) [ 10 ability 1

: 2rXiv:1205.6497 — Will our universe end in a ‘big slurp'?

- ] Higgs-like particle suggests it might

115 120 125 130 135

Higgs mass M, in GeV

New Physics inevitable to stabelize
the vacuum/Higgs field?
But at which scale or energy?




Summary of SUSY Se

In short: no sign of SUSY with the data collected so far

Summary of CMS SUSY Results* in SMS framework ICHEP 2014

33333

quark gluino production

E
i CMS Preliminary
< For decays with intermediate mass,
E Mitermediate = x'mmo(he,+(1 'X)'mlsp
§_ _ v pesesecooswss _ _ _ _ _ _____ ______________________|
. T
S
}L:::k-:,’f:
o
e i R N T T
200 400 600 800 1000 1200 1400 1600 1800
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits L L i . i .
Probe “up to* the quoted mass limit https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

New: compressed spectra, heavy stop (t,) search, extended incl. searches...




Summary of SUSY S_

ATLAS Results

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

Status: ICHEP 2014 Vs=7,8TeV
Model 61T,y Jets ET""” JLanqm™) Mass limit Reference
MSUGRA/CMSSM 0 2-6jets  Yes 203 |&E 1.7TeV m(3)=m(3) 1405.7875
MSUGRA/CMSSM lep 3-6jets Yes 203 |& any m(g) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 7-10jets  Yes 20.3 z any m() 1308.1841
44, q-.qx, 0 g-g je:s Yes  20.3 ; mp\‘/i)=o GeV, m(1* gen. g)=m(2™ gen. §) 1405.7875
28, E-qaXs 0 Gjets  Yes 203 .33 TeV m(F})=0 GeV 1405.7875
22, g—'qq)(% SqqWit| i ; e g-g jets  Yes 203 |& mgjkzoo GeV, m(t)=0.5(m(t})+m(3)) ATLAS-CONF-2013-062
22, g—*qg(”/l’v/W)h e - j_ets - 20.3 2 m(¥})=0GeV ATLAS-CONF-2013-089
GMSB (¢ NLSP) 2ep 2-4jets  Yes 4.7 tanp<15 1208.4688
GMSB (I NLSP) 127+0-1( 0-2jets Yes 203 |& 16TeV tans>20 1407.0603
GGM (bino NLSP) 2y - Yes 203 |& 1.28 TeV m(¥])>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Tepu+y - Yes 4.8 m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(/\"f)>220<39v 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 03jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(G)>10* eV ATLAS-CONF-2012-147
3 -8 gﬂbzm 0 3b Yes 201 |& 1.25 TeV m(¥})<400 GeV 1407.0600
g gﬂ,.'xé 0 7-10jets  Yes 203 |& 1.1 Tev m(¥}) <350 GeV 1308.1841
g—m?h 0-1e,u 3b Yes  20.1 z 1.34 TeV m(¥))<400 GeV 1407.0600
3—-biX| O-1ep 3b Yes  20.1 z 1.3 TeV m(¥})<300 GeV 1407.0600
biby, by _.bx, 0 2bh Yes 201 & 100-620 GeV m(¥])<90 GeV 1308.2631
byby, by—t¥7 2e,u(SS)  03b Yes 203 |4 275-440 GeV m(¥)=2 m(¥}) 1404.2500
717, (light), 7 —b¥ | 1-2e.p 126 Yes 47 | 110567GEV m(¥})=55GeV 1208.4305, 1209.2102
17 (light), 7y —~Wbr| 2ep 0-2jets Yes 203 |4 130-210 GeV m(¥)) =m(7, )-m(W)-50 GeV, m(f, }<<m(¥;) 1403.4853
f17 (medium), 7, —.w, 2ep 2jets Yes 203 |4 215-530 GeV m(t))=1GeV 1403.4853
7171 (medium), 7 —»b)(. 0 2b Yes 201 |7 150-580 GeV m(¥})<200 GeV, m(¥;)-m(¥})=5 GeV 1308.2631
717 (heavy), iy —¢¥) 1ep 1h Yes 20 | & 210-640 GeV m(¥})=0GeV 1407.0583
il (heavy)hn - 0 2b Yes 201 | & 260-640 GeV m(¥})=0GeV 1406.1122
i, = 0 mono-jetic-tag Yes 203 |7 90-240 GeV m(i))-m(¥})<85GeV 1407.0608
z,n (natural GMSB) 2e,pu(7) 1b Yes 203 |# 150-580 GeV m(¥})>150 GeV 1403.5222
b, h—i +Z 3epu(2) 1b Yes  20.3 b 290-600 GeV m(¥})<200 GeV 1403.5222
O rlL R, JaN 2ep 0 Yes 203 |7 90-325 GeV m(/\_’. )=0GeV 1403.5294
)Zli.’,x. —v(ty) 2ep 0 Yes  20.3 /\"I 140-465 GeV m(¥})=0GeV, m(7, 7)=0. 5(mu’, j+m¢¥,)) 1403.5294
)2.}’ Xy —>#v(rv) 27 - Yes 203 |X, 100-350 GeV S(m(X. )+m()(. ) 1407.0350
E E )(,,\r,—»(,_v[,_{(vv) vl LGv) Bepu 0 Yes 20.3 ,?',X'z 700 GeV 0.5(m(¥})+m(E))) 1402.7029
x. X _.wx ZX 2-3en 0 Yes  20.3 ,f},ii 420 GeV m(¥})=m(¥3), m(¥})=0, sleptons decoupled | 1403.5294, 1402.7029
X )( —*W VhX) 1epu 2b Yes  20.3 ,!}.)?} 285 GeV m(¥] )=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
XoX3, X35 —>1|<f 4ep 0 Yes  20.3 X‘u 620 GeV m(E3)=m(¥3), m(¥})=0, m(Z, 7)=0.5(m(¥2)+m(¥})) 1405.5086
Direct ¥1 ¥ prod., long-lived 7  Disapp. trk 1 jet Yes 20.3 X 270 GeV m(¥)-m(¥})=160 MeV, 7(¥7)=0.2 ns ATLAS-CONF-2013-069
Stable, stopped g R hadron 0 1-5jets  Yes 279 m(¥})=100 GeV, 10 us<r()<1000 s 1310.6584
GMSB, stable 7, X|~T(Z' p)+r(e w 1-2p - - 15.9 10<tanf<50 ATLAS-CONF-2013-058
GMSB, X, —yG, long- ||veXm 2y - Yes 4.7 0.4<1(¥})<2 ns 1304.6310
i, X\ —qqu (RPV) 1p,displ. vix - - 20.3 1.5 <cr<156 mm, BR(u)=1, m(¥{)=108 GeV | ATLAS-CONF-2013-092
LFV pp—v: + X,V —e+pu 2epu - - 4.6 A3,,=0.10, 2;3,=0.05 1212.1272
LFV pp—v, + X, V. —e(u) + 7 Tepu+t - - 46 x, 10, A;(2)33=0.05 1212.1272
> Bilinear RPV CMSSM 2e,u(SS) 03b Yes 203 m(§)=m(g), cty5p<1 mm 1404.2500
& i{i.‘,i.*-.wi“.)?"—»eev,,.euv. 4epu - Yes 20.3 m(¥))>0.2xm(¥1), 412,20 1405.5086
XX X W X —rtve, ery,  Bep+T - Yes 203 mE)>0.2xm(¥}), 413320 1405.5086
2999 0 6-7 jets . 20.3 BR()=BR(5)=BR(c)=0% ATLAS-CONF-2013-091
g—iy1, 1) —bs 2e,pu(SS) 0-3b Yes 20.3 1404.250
Scalar gluon pair, sgluon—¢g 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826
Scalar gluon pair, sgluon—17’ 2e, ;1 (SS) 2b Yes 14.3 ATLAS-CONF-2013-051
WIMP interaction (D5, Dirac y) mono-jet  Yes 10.5 m(x)<80 GeV, limit 0f<687 GeV for D8 ATLAS-CONF-2012-147

*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.

Vs =8TeV - I I —_
N . o’ 1 ass scae 1oV



Summary of Exotica
ATLAS Results

ATLAS Exotics Searches* - 95% CL Exclusion ATLAS Preliminary

Status: ICHEP 2014 ~dt=(1.0-203)fb! s5=7,8TeV
Model ty Jets ET™ [rdim™] Mass limit Reference
ADD Gkk + g/q - 1-2j Yes 47 l - ' n=2 1210.4491
ADD non-resonant (£ 2e,p - - 20.3 n=3HLZ ATLAS-CONF-2014-030
ADD QBH — (q 1eu 1j - 20.3 n=6 1311.2006
ADD QBH - 2j - 20.3 n==6 to be submitted to PRD
ADD BH high N, 2u(SS) - - 20.3 n =6, Mp = 1.5 TeV, non-rot BH 1308.4075
ADD BH high ¥ pr >lep =2j - 20.3 n=6, Mp = 1.5 TeV, non-rot BH 1405.4254
RS1 Gy — 2epu - - 20.3 k/Mp =0.1 1405.4123
RS1 Gk = WW — (vly 2ep - Yes 4.7 k/Mp =0.1 1208.2880
Bulk RS Gk — ZZ — (lqq 2epu 2j/1J - 20.3 k/Mp =1.0 ATLAS-CONF-2014-039
Bulk RS Gkx — HH — bbbb - 4b - 195 | Gkk mass 590-710 GevV [l k/Mp = 1.0 ATLAS-CONF-2014-005
Bulk RS gk — tt 1e,u =1b,>1J/2) Yes 14.3 BR = 0.925 ATLAS-CONF-2013-052
S'/Z, ED 2e.pu - - 5.0 1209.2535
UED 2y - Yes 4.8 ATLAS-CONF-2012-072
) SSM Z’ — (¢ 2eu - - 20.3 1405.4123
SSM Z' - 7 27 - - 19.5 ATLAS-CONF-2013-066
g SSM W’ — (v leypu - Yes 203 ATLAS-CONF-2014-017
EGM W' - WZ - (v ('’ 3eu - Yes 20.3 1406.4456
EGM W' —» WZ — qqll 2eu 2j/1J - 20.3 ATLAS-CONF-2014-039
LRSM W, — tb teu 2b01j Yes 143 ATLAS-CONF-2013-050
LRSM WI’? - tb Oepu >1b1J - 20.3 1o be submitted to EPJC
Cl qqqq - 2j - 4.8 1210.1718
Cl gqtt 2e,u - - 20.3 e =-1 ATLAS-CONF-2014-030
Cl uutt 2e,u(SS) 21b,21j Yes 14.3 ICl=1 ATLAS-CONF-2013-051
EFT D5 operator (Dirac) Oeu 1-2j Yes 10.5 at90% CL for m(y) < 80 GeV ATLAS-CONF-2012-147
EFT D9 operator (Dirac) Oe,u 1J4,<1j  Yes 20.3 at 90% CL for m(y) < 100 GeV 1309.4017
Scalar LQ 1** gen 2e >2j - 1.0 B=1 1112.4828
Scalar LQ 2" gen 2u >2j - 1.0 B=1 1203.3172
Scalar LQ 3" gen leu 1t 1b1]j - 4.7 p=1 1303.0526
Vector-like quark TT — Ht + X 1eu =22b=4j Yes 14.3 Tin (T,B) doublet ATLAS-CONF-2013-018
Vector-like quark 7T — Wb+ X 1epu 21b23j Yes 14.3 isospin singlet ATLAS-CONF-2013-060
Vector-like quark TT — Zt + X 2/>3e,u  >2/>1b - 20.3 Tin (T,B) doublet ATLAS-CONF-2014-036
Vector-like quark BB — Zb+ X 2/>3e,u  >2/>1b . 20.3 Bin (B,Y) doublet ATLAS-CONF-2014-036
Vector-like quark BB — Wt + X 2e,u(SS) 21b,>21j Yes 14.3 B in (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 - 20.3 only u* and d*, A = m(q") 1o be submitted to PRD
Excited quark b* — Wt for2epu1b,2jor1j Yes 4.7 left-handed coupling 1301.1583
Excited lepton * — (y 2e,u1y - - 13.0 A =22TeV 1308.1364
LSTC ar —» Wy leuly - Yes 203 to be submitted to PLB
LRSM Majorana v 2eyu 2j - 241 m(Wg) = 2 TeV, no mixing 1203.5420
Type lll Seesaw 2epu - - 58 |V,|=0.055, |V,,|=0.063, | V;|=0 ATLAS-CONF-2013-019
Higgs triplet H** — ¢ 2eu(SS) - - 47 DY production, BR(H** — ¢£)=1 12105070
Multi-charged particles - - - 4.4 DY production, |q| = 4e 1301.5272
Magnetic monopoles - - - 2.0 DY production, |g| = 1gp 1207.6411
raaal 3l N N PR

1071

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

10 Mass scale [TeV]




Summary of Exotica Sear

LQ1(ej) x2
LQ1(ej)+LQ1(v))
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LQ3(tb) x2
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LQ3(vt) x2

RS1(yy), k=0.1
RS1(ee,uu), k=0.1
RS1(jj), k=0.1
RS1(WW—4j), k=0.1

CMS Prehmlnory
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SSM W'(WZ-Ivll)
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New Physics?
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Searches a the LHC -

LHC searches for NP right now: Nothing found at present!

However most discoveries start with a hint i.e. less than 3
sigma (standard deviations), or evidence with more than 3
sigma before they become an observation or discovery
(more that 5 sigma, like the Higgs)

Any 2-3 sigma effects are of interest to follow up with
additional data or check with other channels. They will
either grow with luminosity (possible real signal) or get less
significant (statistical fluctuation). But no excitement yet...

Or there was a mistake or missing part in the analysis..
(Higgs discovery in 1984, SUSY discovery in 1985...)

Or in the experiment had a problem (superluminal
neutrinos).. Both to be avoided © !

Some examples =»




The Higgs? In 1

EVIDENCE FOR A MASSIVE STATE IN THE RADIATIVE DECAYS OF THE UPSILON 200 T | TTTT | rrri | AR I (Ll

Crystal Ball Experiment, DESY, 1984

£ ol E

Y(1S) ->photon+X (high multip.) s | 1
> 100 — —

Is the X(8.31 GeV) the Higgs particle? < | -
A lot of excitement summer 1984... 50 ;.. .
It was called the ‘Zeta’ particle - | | o -
RS ENENIETT

0 0.75 1 125 15 175

Made it to the NY Times!

In 1985 a new paper....

Energy in GeV

It was an error in the
analysis!
Effect/peak went away...

ABSTRACT

Results are presented from 22.1 pb~1 of T(1S) data, taken with the Crystal
Ball detector at DORIS. These data were taken to further explore the ¢(8.3) signal
originally seen in 10.4 pb™! of T(1S) datal? No evidence for the ¢ is observed in this

new sample. Data quality checks and possible explanations are discussed.



Quark Substructure

Inclusive Jet Cross Section in pp Collisions at /s = 1.8 TeV T r - '

CTEQ4HJ
CDF (Preliminary) * 1.01
DO (Preliminary) *0.98

Phys. Rev. Lett. 77 438 (1996) '

» O

CDF Experiment: Inclusive jet analysis
It went into the New York Times

i

E‘]‘ N W uo tk e‘m“ Arch ives lSearch Al NYTimes.com ‘ ‘E‘
> B |
Assurance Obséques ' Tiniest Nuclear Building Block May Not Be the Quark : Statistical Errors Only +

familyprotect. fr/Assurance-Obseques

i N By MALCOLM W. BROWNE £
A partir de seulement 5€/mois. Published: February 8, 1996 |

Souscription rapide et facile !
Scientists at Fermilab's huge particle accelerator 30 miles west of Chicago reported yesterday = EMAIL

that the quark, long thought to be the simplest building block of nuclear matter, may turn out to S pRINT

Car Rental In Geneva contain still smaller building blocks and an internal structure. 50 100 0 300 400

rentalcars.com/Geneva

Find It Gheaper And Well Beat If experiments using more powerful accelerators of the future should confirm suggestions of

It Call Us Free Or Book Online quark structure that scientists found in Fermilab's data, major revisions would be needed in the

Today. widely accepted theory of matter known as the "standard model." A whole new layer in the
hierarchy of components that make up matter would lie exposed for exploration.

Interhyp
Baufinanzierung

interhyp.de/beratung-vor-ort

As some physicists express it, the onion of reality may have many deeper skins than scientists
now know.

... it was parton distributions (& uncertainties)
->Good understanding of theory important!



Leptoquarks or RPV SUSY?

Excess of events at high Q2 in ep DIS at HERA, mainly in H1
7 events found with an electron-quark mass of ~200 GeV, expected ~1 event

4 events found with expected 2 events in ZEUS Z.Phys. C74 (1997) 191
= L L L DL L L L L L L ‘-%1;_'“'”'””"'”
2 [ H1 (b)] z ¢
g 7 1 z10 L -
10 E E e ;
T ‘ 107 - (c) =
. ‘ 10 2 [AM, =25 GeV ]
T = : —— ?ye>0.4 H13
N B R SR R R R 10-“i_.|....|....|...._§
5000 10000 15000 20000 25000 30000 100 150 200 250
Q2 (GeV? M, (GeV)
More than 30 Iocal Significance! Hi Run 85528 Event 71329 D-ate; 28/08/1994
Aﬂfe ( GeV) 20 25 30 40 [@* = 16950 GeV?, y = 0.44, M =196 GeV E
Nobs 5 7 7 7
Nprs 0.63 0.95 1.10 1.57
+0.13 +0.18 +0.19 +0.28 S h ,‘
P(N > Nyp) | 5.0 10* | 2.6 x 10* | 2.5 x 10* | 1.6 x 10-3 - | E——],
At the end it was a statistical fluctuation I
The effect was totally gone with 10x statistics it °




Searches at the LI_

Many lessons from the past
Independent cross checks of all important analyses
Blinding of main search channels (eg for the Higgs)

Backgrounds estimated from data (especially QCD ones,
or backgrounds with many jets). Data driven efficiencies.

Thorough studies on experimental effects eg for MET.

Improved TH tools and calculations ((N)NLO+NLL, ME
+PS, best PDFs...). Collaboration with Theorists!

Be careful with statistical interpretation.

Generally experiments tend to be (over-?)conservative for
safety. But must ensure not to miss something...

...But also MVAs, BDTs, more black box approaches...




* No real pending significant anomalies right
now in the LHC (ATLAS+CMS data)

« Some heavy flavor issues in LHCDb but will not discuss
these here.

* Of course there are always a number of —
statistically expected- 2 to 3 sigma effects

* No strong excitement in the experiments at this
stage but some things to watch with new data --or
when possible-- to study with different channels

« We have a look at some of these...




The Higgs Discov

Higgs - 2 photons!!
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Update with the Full 2012

CMS Preliminary §s=7TeV,L = 51lb ;¥s=8TeV,L=1961"
5 T semmammeme 31 % 0 Haoy ECT R
2 ecled diphoton sample u 5] ] H—Z77 .
\: 8000 M- A A 15—126.8GeV) = N 30;_ Bz Sprlng 2013
= T Mgy eemessees Bkg (4th order polynomial) ] i2) - DZY',ZZ
E 6000— ATLAS Preliminary — S 25¢
= D Ho - = -
b e, ER: Increased data
- r —_— -1 — - -
2mD;ls=7TeV,ILdt=4.8fb - : Sample with
. I o ] 15
 Vs=8TeV, [Ldt=20.71 H i -
o sttt VY sof a factor of ~3
o =
£ 3 5 L
. + ; . The particle is
& - 80 100 120 140 160 180 H -
2 0 o macev)  Clearly Stlll‘tvlzlth
NOW Wi
O s ey All channels g e A 13, 1O a
10 7 o s =7TeV, JLdt = 4.64.8 fb S102E N\ /W SIig nificance
cE ™ erved i - SN
10°= \s = 8 TeV, [Ldt = 13-20.7 oY -

- - SM expected

of >10¢ !!

o ol e

Observed m_. K
v o

Observed m,. K,. p,/m, or V,

. CMS Prellmlnary 5

: H— ZZ — 41
-14 W E=TTev.L=samT
_15 r 8TeV,L=196f"
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We now enter the phase of measuring the properties of the new particle
T



Summary: Cross Section

Oct 2013 CMS Preliminary

¢ 7 TeV CMS measurement (L=< 5.0 fb™)
$ 8 TeV CMS measurement (L=< 19.6 fb’)
—7 TeV Theory prediction
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N R A —8 TeV Theory prediction
_g_ = Z.CMS 95%CL limit
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Production Cross Section, o [pb]
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Th. Ao, in exp. Ao

Measurements in good agreement with the Standard Model predictions



Summary: Cross Section

Standard Model Production Cross Section Measurements  siws: Juy 2014

e~ 1011
-Q 80 ub! o
2 ATLAS Preliminary Runi 5=7,8TeV
b 106 01<pr<2TeV
3
10° * o LHCpp Vs=7TeV  LHCpp \s=8TeV -
B Theory B Theory .
104 njet > 0 -1 -1 E
=9 Data 45-4.71 Data 2031 E
10° B> 1 etz 0 :
35 pb~? ]
102 m‘e';z njet > 1 -'%:Ao— 95%CL_-
O O IO upper 3
s b‘ L 130/ '1"‘_'
mOm  njet > 2 a* ]
10 . O o : 0.7:fb__
njet> 4 5 mel>4 2.0fb O 1 3
O et > z -
%25 B o= Tom D
1 _rhzs- njet>4 njet>6 101! g — limit : -
-HON- O 4 - 3
njet > 6 1
- njet > 7 n ! 1
njet > 5 1
_ fom © 1
10 1 njet>8 *' : _§
njet > 6 n E —n—l i
10—2 njet> 7 eL=7 : : 3
[l : ]
1 1
1 1
1 |
1 | =
1 1

PP Jets Dijets W Z tt ti-chan WW+ WW 7YY Wt WZ ZZ tty Wy Zy ttW ttZ Zjj Hoyyw*wsits chan

R=0.4 R=0.4 wz EWK EWK

total " |y|<3.0 |y|<3.0 fiducial fiducial ~total  total = fotal ~ total fiducial total = total  total fiducial fiducial fiducial total  total fiducial fiducial fiducial total
y'<3.0 njet=0 njet=0

Measurements in good agreement with the Standard Model predictions
But this figure does not reveal 10-20% differences...



Correlations Between Produced Pa

S’?MsExpe.ﬂimemsxmemq.cERN | ¢ eSelect h|gh mu|t|p||C|ty events

\ A\ \
1-08.02:25:58 839811 GMT(04 2‘_&}.& EST]

\

*Study the correlation between
two charged particles in the
angles @ (transverse):

Ap and 0 (longitudinal): A6

n= -In tanB/2

All events High multiplicity events
MinBias, 1.0GeV/c<p_<3.0GeV/c N>110, 1.0GeV/c<p <3.0GeV/c

A new phenomenon
in the ‘stronge force?
" *Multiple interactions?

4 *Glass condensates?
*Hydrodynamic models?
Still not quant. explained

This was the first (subtle) new effect, in 2010, studying the strong force...
I Was first seen in AA, then pp (unexpected) and now also pA (~unexpected)

R(AN,A0)
R(AN,A0)

......




2011: Z’ Boson to ee or

SU(3)ex SU(2), xU(1)y .

Extension of the symmetry?
New Gauge bosons?

Early 2012

CMS [hep ex 1206 1849] ee(5 Ofb )+u u (5 3fb )

* Many new models have Z-like narrow 2 10 Er— |
1 \ _._ 95 CL limit -
resonances decaying to dileptons B oo cpoced ]
95% expected
- - - ZSSM )
* Interesting features in dilepton spectra B — z,
107 & -Gk KM=0.1
— around 20 each for CMS & ATLAS in e+p : — R
o i r Wz o006 |
— similar in scale to 2011 Higgs excess I |
Worth watching in 2012’s 8 TeV data... 10% - - 20 1 1
i PR PR N P P " A
o 10 ——— - 500 1000 1500 2000 2500 data
C - -
S 10° ATLAS Preliminary é%?{‘,am“ [ATLAS-CONF-2012:007] M [GeV1
e (D Diboson T N
10 Ldt=4.9fb" = a [ ATLAS Preliminary . gypected limit
10* Hels - © E \s=7TeV I Expected + 1o
1 C)Z/(1750 GeV) o — Observed limit
10? /(2000 GeV) 1078 -7,
- -z,
10 i — o oo
) 102k Will additional
107 j data confirm
10°
102 Foo } 40w’ the excess??
Y | ) . ) L -pu Ldt=50fb"
1000 200 300 1000 2000 o b




Z’ Combinationof 7 & 8

[CMS EXO-12-015]

8 TeV, ee (3.6 fb")+ p*y (4.1 ™)
' 7 TeV, ee (5.0 fb")+ p*y (5.3 b
L L L B
-------- median expected

B 68% expected
95% expected

CMS

—

1
i
i
i
i
N
€
Lol

ts. . —e— 95% CL limit

T IIIIIII
IIIIII|

107 e L e e e e
500 1000 1500 2000 2500 3000 )
M [GeV_]-

_ . Z'+ X -+ X
* Short time between data-taking and result Ry = (;((I;:I;: 71X : T X))

* Limits on the combined 7 TeV and 8 TeV data from 2011+2012
— M(Z’ssm) : 2950 Gev 'at 95% C.L.
— M(Z’y) > 2600 GeV at 95% C.L.

Excess just below 1 TeV all but gone in CMS data




SUSY Searches: Example A

0-leptons | 1-lepton OSDL SSDL |23 leptons |2-photons | y+lepton
Jets + MET Single Opposite- | Same-sign | Multi-lepton | Di-photon + | Photon +
lepton + sign di- di-lepton + jet+ MET lepton +
Jets + MET |lepton + jets | jets + MET MET
+ MET
Large SM backgrounds Low

ensitivity to strongly produced SUSY

W
All Analyses (CMS)

Old Slide:

4 jets

.
’
‘4' rn'g =rn'q

e

—

sensitivity to
gauge-mediated SUSY

JETS+MET (ATLAS)
[ Signél Region [2 2jets =3 jéts >4 jets  High mass l
Trigger ED > 130 >130 > 130 > 130
requirements | | Leading jet pr | > 130 > 130 > 130 > 130
Second jet pr >40 >40 > 40 > 80
. Q’,@ Channel definition | | Third jet pr - >40 > 40 > 80
3D | Fourth jet pr — e > 40 > 80
Reduce| | A®Get, ET™)min | >04 >04 >04 >04
2 jets QCD | | ET™ /meg >03 >025 >025 >0.2
Enhance signal| m.g [GeV] > 1000 > 1000 > 500/1000 > 1100

n

mess =Y | |+ EF

=1

now also searches for sbottom, stop, compressed spectra...




CMS SUSY: Jets + M

Example: Checking many channels in a multi-jet +MET search

CMS Preliminary, L=19.5fb™" {s =8 TeV

@ - i One bin shows an
E‘p sln —e- Data [ z— vi+Jets B witi(efuv)+det excess! Do we have to
20 [y ey, witi(r, +v)+Jets [l aco | get exited?
5 e B Mg, o
é104 g %E D;% SU:Df :h% :% Total uncertainty on measurad background | L
S il e i Ny =0.7°4"1.8
z [ - f: = 7 uf H ;;3 [ =~ T ] —
| fﬁ@%#i%% | Nagea =2
; 2 X F ol
10° “RET E
= s 58 3 %g p (29/0.7"+"1.8) ~ 0.004
107 ' _§EEEE 2270
. s~ = =2 =2 Toobserve such (ora
et 9208 i larger) fluctuation in
| any of the 36 bins:
1 8

p~011 2>~12¢0




ATLAS SUSY: Lepton

—_
(5]

% ||||||||||l|||||ll||||||||||||||||l||||
) © i ATLAS Preliminary ~® Pt i
Study of single and double leptons + Jets + MET = S | [u.xiwicore ==
*19 channels studies gop -]
*One channel has 7 events with expectation : e
1.6+1.0. Significance is ~ 2.30 i ]
Two muons with 6<p;<25 GeV, 2 jets +MET ?
...;...‘ g ML 7 A A== ’
ATLAS-CONF-2013-062 m; [GeV]
soft single-lepton soft dimuon
3-jet 5-jet e
Observed events 7 9
Fitted background events 56+1.6 14.8 +3.7
Fitted ¢ events 1.3+£1.0 7.8+33 1.2+1.0
Fitted W+jets events 26+0.7 2.1+09 -
Fitted diboson events 0.6+0.4 0.7+04 04+03
Fitted misidentified lepton events 0.00%0.93 33+14 0.0*33
Fitted other background events 1.1+0.5 09+05 0.01+00¢

-0.01

...Also used in the WW anomaly interpretation...




CMS SUSY: Lepton Channels

arXiv:1404.5801

4 lepton analysis, with maximally one tau

=>4 leptons
Hy < 2000GeV
OSSF0
OSSF0
OSSF0
OSS5F1
O55F1
0S5F1
0OS5F1
OSSF1
0OS5F1
OSSF2
OSSF2
OSSF2
OS5F2
OSSF2
OS5F2

22 events seen and 10 expected in the opposite-sign/same flavor

Mg g

Off-Z
On-Z
Off-Z
On-Z
Off-Z
On-Z
Off-Z
On-Z
Off-Z
On-Z
Off-Z
On-Z

E!r“["
(GeV)
(100, 00)
(50, 100)
(0, 50)
(lma m’)
(100, oo)
(50, 100)
(30, 100)
(0, 50)
(0, 50)
(100, oa)
(100, oc)
(Eﬂr lm)
(30, 100)
(0, 50)
(0, 50)

Ny =0, Ny =0

Obs.

=i kDD R MDD =00 OO

| *156

Exp.
0.11 £+ 0.08

0.18 £+ 0.06
1.2+03
046 + 0.18
3008
0.04 £ 0.03
034 £+ 0.15
0.18 £ 0.13
39+25
B9+24
160 + 34

Ny =1,N, =0 |
Obs, Exp.

0 017 £0.10
2 070033

channel, outside the Z mass, in all E; ;.. range...

Significance is 2.6  but > 30 channels studied
*Re-appears also as an excess in H— hh search... (to appear)

Obs.

0
0
0
0
1
0
2
0
1
0
0
0
0
1
4

Exp.

0.16 + 0.08
0.42 +023
0.09 + 0.06
0.31+0.15
0.05 + 0.04
0.46 + 025
0.02:38
0.50 £ 0.21
0.23 +0.09

29408 |

Obs.

| | moomocoooo

Exp.

0.04 £ 0.04

0.28 + 0.16

0.13 = 0.08
0.32 £ 0.20

0.21 £ 0.10
045+ 0.24
0.50 + 0.16
0.70 £ 0.31
1.50 = 0.47
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Top Quark Charge Asym

Anomaly observed at the Tevatron. Any effect at the LHC?

Forward-backward

Charge asymmetry

central-non-central

ATLAS JHEP02(2014)107
CMS JHEP 04 (2014) 191

Combination CMS PAS TOP-14-006

Tevatong top  LHC 4 top S
anti-top ant-top R
Asymmetry (A) appears
at NLO QCD as interference
effect of terms to O(a. %)
B - Only in ggbar final state
n n Forward-backward A__ in ppbar
. r Top/anti-top A in
_ N(Aye >0~ N(Aya >0) 4 _ N(Ajy|>0) ~ N(A]y| >0) 'OPRAMHORA, PP
N(Ay;; >0 N(Ay;; >0  N(Aly|>0)+N(Aly| >0 .
(Ayiz > 0) + N(Ayei > 0) (Alyl > 0) (Alyl > 0) Large experimental and theory
Ay =yt — i Aly| = |ye| — vzl activity due to
4 CDF and DO papers in 2008
ATLAS+CMS Preliminary \s =7 TeV
IIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIII TOPLHCWG March 2014
DO comb 9.7 fb”’ I-L 0.047 +0.027 o
CMS i 0.004+£0.010+ 0.011
CDFcomb9.4fb” | Fed  0.090+0.027 IPLB717 2012) 129
N ATLAS = 0.006 + 0.010  0.005
CDF /+j9.4f" =/i F—e— 0.164%0.045 e
& ATLAS+CMS 0.005 + 0.007 + 0.006
D0 /+j97 " e 0.106 + 0.030
3 Theory (NLO+EW) 0.0115+ 0.0006
= |/ [JHEP 1201 (2012) 063]
arXiv:1406.1798 c% o
lllllllllllll|ll|l|llllllllllll l l
02  -0.1 0 01 02 03 04 0.05 0.05

AFB

T. Carli
ICHEP14

Effect may be
going away at
The Tevatron...
Latest DO result
agrees with SM

No observed
effect at the
LHC in any case



Top Quark Charge A

Evolution of the “effect” at the Tevatron

SM, 2006 -

D@, 0.9f0" ey

CDF, 1.9fb™

®

CDF,)5.3fb" -

D@, 5.4fb™

2013 —e—

4 —

DF, 9.4fb" +—e—

llIlIIllIlIlllIlllIIIll

0 0.1

0.2

0.3

DO report
PRL100(2008)142002, 227 cit’s

PRL101(2008)202001, 222 cit’s
PRD83(2011)112003,409 cit’s

PRD84(2011)112005, 292 cit’s

Tevatron stopped taking data in Sep 2011

PRD87(2013)092002, 79 cit’s

We achieved 3.0%
But the central value came down




Top Quark Charge As

ATLAS JHEP02(2014)107

s neroi oo Differential asymmetry measurements

Combination CMS PAS TOP-14-006

DO arXiv:1403.1294

Axigluon m=300 GeV
—— Axigluon m=7000 GeV

06:.— o] T é’ —""I""I""I'"'I""I""I""I""I'"':
- DG, 9.7 0.6F-P, 06 ATLAS E

[ [arxiv:1405.0421] osf ¢ Data \s=7TeV 3
i b SM det=4.7fb'1 .

)
- (=]
TﬂTTm lllllll]llll]llIIIIIIIIIIIIIII

0.3

= 0.2 * —E

E (] 0.1 E
0.2 ¢ Data —MC@NLO ‘ E
B [ ] [ ] B

- —PRD 86, 034026 ¢ CDF Data :
-0.4 ! E

~SENE ENENE SNEEE RN CEENE NN NE ANENE I NN PN ENW sl b b b by s by s baa s Ly g gy
300 350 400 450 500 550 600 650 700 750 +-- 0 100 200 300 400 500 600 700 800 900

m [GeV] my GeV]

s " 1




WW Productio

Di-boson production: This should not be a problem for theory, no?

Standard Model prediction: 58.7 1 (PDF) fi% (total) pb‘

Contributions neglected in this SM prediction

*« gqg -~ WW (NLO - NNLO+NNLL k-factor) +1.6 pb

* gg - WW (LO —» NNLO+NNLL k-factor) + 1.4 upto +2.8 pb
* Electroweak corrections —0.5pb

* yy-induced WW +0.5pb Total sum of:

* Vector boson scattering + 0.5 pb + 3.5 to 4.9 pb

* Double parton interaction + 0.04 pb

o(pp— WW) ATLAS (fs=7TeV)
PRD 87, 112001 (2013)

® Data :
== Exp. Stat. Unc.|
— Exp.FullUnc. }

A Theo. Pred. :
o(pp— WW) CMS (15=7TeV) E == Theo.Unc. """}
Eur.Phys.J. C73 (2013) 2610

o(pp— WW) CMS ({s=8TeV) ~ |
Phys. Lett. B 721 (2013) L

e d e d oo

i
L
L
{
L
L
L

el e 1. i i
2 30 40 50 60 70 80 90 0.5 1 1.5

ctotal [pb] o-obs./ c,theo.

Bizar: all measurements so far gave a systematically higher value!
Less the case for ZZ and WZ as far as we can see...




WW Production =

What was missing until now was the ATLAS 8 TeV result

Ty rrra I IIIII llllllllllllllllll
ATLAS Prellmlnary
Measured
Ldt = 20.3 fb cross sections
\s=8TeV e‘e’
[TayTe
et
- Combined
SM Prediction
qq/qg - WW: MCFM NLO CT10
gg — WW: MCFM LO CT10
gg—H > WW: Nr\IJLO MSTVIV2008 : : : : |

oy = 71.4 715 (stat) 729 (syst) 5% (lumi) pb

Standard Model prediction: 58.771 (PDF) 3] (total) pb

Important: how well do we control the theory? Now NLO, Higgs included




VWV Productlon

‘ ATLAIS F'rellmln.'ary + mu [ JW'N i 12n) CMS ns=8TeV, L= 3:5 '

=
a Tep Zpts
* Kinematic shapes - ‘ :: 3:;‘:’&'{“';"" 203" Em = e o 3 o DATA
agree with prediction, 2 _ @ " T 3 oo
but cross SECI.'ionat i WWsakcyl2 E 150 =f., el
excess observed
ﬂ stat @ wyw!
:'.i'xﬁISMI in CMS and 100 ﬂ_. WW scaled by
” 1.2
- i~ I ] — ; -¢-
5000 emu ATLAS - = s 2 ore 3
candidates with 20/fb! V] I 5:0 — ‘“'m' prs

CMS 69.9+2.8 (stat.)+5.6 (syst.)+3.1 (lum.) pb (1.80) P @V
ATLAS 71.441.2 (stat.)£5.0 (syst.)£2.2 (lum.) pb (2.10)
MCFM 58.7+3.0 (syst.) pb

ystematics from jet
veto acceptance,
background method

T T T T FITTT[TT TRV E
ATLAS Preliminary

* Notyet reporting: =ga.ae 53.2 MCFM NLO [La=2030"
Sﬂr:‘vsg%!!z gé;hfij +gﬂ 1-4 MCFM LO i3=8TeV
| +HWW 4.1 NNLO+NNLL ww

* Theory calculation )
being actively studied  Higher order/other= +3-4pb?

. S Fepion
(jet vetoes, NNLO) v -+ W MCTUMLOCTIO
& = WW MCFMLOCTM

M “"l)lﬁﬂ\w I

1020‘30105060708090100
Gow [PO]

Full CMS 8 TeV still to come. Studies with/without jet vetoes, b-jets...




Di-boson Production (

’

a W a w yv%% J/JJJJW g w
n H
TGCvertex | | | ee=eemaaad
Z/r
q w 4 w 9 w9
Diboson Cross Section Measurements Status: July 2014 [féq; Aeferonce Apr 2014 CMS Preliminary
T T T T T T
o (yy)[AR,, > 0.4] | st 49 JHEPO1,086 (2013) I ' ' ' ! I ' ' l I ' I I I
Wy o tvy) e 46 PRDET 112000 (019, CMS measurements 7 TeV CMS measurement (exp+th)  ——0—+—
E— i 46 PRDET 11200 2013 vs. NLO theory 8 TeV CMS measurement (exp+th)  ——e——
o(Zy > (ty) oLn g ATLAS Preliminary | 46  PrDe7, 112003 (2019) YY) (NNLOth)  p—rt—0 — 1.04 +0.11+£0.09 5.01fb"’
= [Njer = 0] 7RO SR et ) Runi +s=7,8TeV| a6 rrDs7 112003 2013 Wy H— o — 1.16 +0.13+0.06 501"
oo ppWWWZ) |7 70 4.7 ATLAS-CONF-2012-157 .
Zy ——or+— 0.98 +0.05+0.05 5.0fb’
O'"d(W*W*jj) EWK 20.3  arXiv:1405.6241 [hep-ex]
total 4.6 PRD 87, 112001 (2013) WW+WZ =t +— 1 05 +0.20 £ 0.03 49 fb‘
o' (pp—->WW) 203  ATLAS-CONF-2014-033 1
oMW — o) PP, ww 0t 1.11+0.11+0.04 49fb
— oMWW > ppr) 46  PRDS87,112001 (2013) ww ——e—— 122+012+0.04 35 fb‘
C MWW > ey | e HC pp V5 =7 TeV 46 PADE7, 112001 013) Wz H——o0— 117 +0.10+0.03 491fb’
ool (pp5WZ) R T - Theory 46  EPJC72,2173(2012) .
03408 1390 g - ?gra 13.0  ATLAS-CONF-2013-021 WwWZ et 1.12+0.08 +0.05 196 fb
- "“(WZ - vtl) * stat+syst 13.0 ATLAS-CONF-2013-021 -1
total 77 =670k 46 JHEP 03, 128 (2013) ZZ F - T 1 0.99 +0.15 £0.06 49 fb
ot (pp—Z2Z) - 05-04 LHC pp Vs =8TeV 20.3  ATLAS-CONF-2013-020 . ) 1 ) , 1
—ototal(ppszZa0)| | B ey A8 womse el ZZ —t I L 1 .0? £0.10£0.08 1961
i ) w o) IR Dat: 4.6 JHEP 03, 128 (2013) L L 1 I L 1 L 1 1 1 1 1
- 'd(zz - 40) 20741 - géisyy 20.3  ATLAS-CONF-2013-020 o 5 1 1 5 2
—of(ZZr s a) | TR 46 HEP03,128.2010) Al results at: i ion Rati
R o - mrcemensapyy roduction Cross Section Ratio: 64, / 6y

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
data/theory

WW data agreement with TH ‘worst’ and similarly in ATLAS and CMS

Less clear for the others. ZZ ok, WZ ok in CMS, W-photon on high side...




New Physics in WW Cross Sections?

Both these phenomenology papers appeared on June 37 ...

‘Stop’ that ambulance! New physics at the LHC?

arXiv:1406.0858

Jong Soo Kim,* Krzysztof Rolbiecki,® Kazuki Sakurai,” and Jamie Tattersall®

Interpretation in the two papers

(Overall analyses of WW, and

available SUSY searches):

— Stop pair production -- with mg,

~ 200 GeV- plus decay to chargino
leading to the WW excess

t1 — i,i b— 1Y wE p P Eub

m;, = 21273 GeV,

mgo = 150*5) GeV.

eTests in other channels?
ATLAS already excluded this point?
*\WW excess at 13 TeV?

- Next Talk!

Natural SUSY in Plain Sight
arXiv:1406.0848

David Curtin, Patrick Meade, Pin-Ju Tien

prod - - W m =10 GeV >
3 T T T
s T e T f !
Py SUSY
(3' I ATEAS e opsenedimt &1 Omemy) | Da Costa
E?x' 300— f Ldt=201b", \s=8 Tev — — Expected limit (+10,,) ]

All limits at 95% CL

1-lepton + jets + ET*

250—

1 ICHEP14

L CalE
P50 200 250 300 350 400 450 500

m [GeV]

My take:

*Need to have a careful look at QCD
corrections, effects of the jet veto...

*Need other measurements eg
WW—lvijj, WW+0/1/2 jets...



Search for Heavy Neutrinos a

Left-right symmetric extension of the Standard Model

- 19.7 16" (8 TeV)
| T HELIP AL L B L
) [ Data (1717)
© . sLCMS 22z S e ]
f\! E s DY +Jats ([473)
o a I Cther (108)
= B ——— My, =2.5TeV (20)
[ 17 7 P — My, = 2.5 TeV unbinned —
E = 'l'w:M 3
w C
1F
107
Z &
8 2F
0 1

arXiv:1407.3683 o

V=
o

- \\
\\
AN
po
Run: 163761
k LS: 26

Event : 16515605

Select events with
2 leptons and 2 jets

Miinn channel: Event with M, = 331 GeV, M, ; = 881 GeV

19.7 o (8 TeV)
S‘ 2.4 LI I rriri | LU | L L | | L 1 -
> 25LCMS —obssi i Large exclusion range
S e 3 "in mass of the W, and
= 18 —; : .
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The Higgs... our New

We know already a lot on this Brand New Higgs Particle!!

R ARARARARARRRARARRARARARARRRARARRRRRRRR R CMS Preliminary 1971'@TeV) +5110'7TeV) o

? £ —— Combi 3 S i : i
: 35F EE‘% dt=45 " —ﬁoﬁlrd B 21 * Observed o SM Higgs 50.25F ATLAS —Data
§ F §=8Tev Lot=2031" ez T ' ] [ Hozz o4 Py
U X Bt 3 5 02; {s=7TeV [Ldt=46" J7=0 1
E F -y ns § F (s=8Tev [Ldt=20.71" ~F=0
;g 25_— — Hoty = [ ]
B . b} L ]
A = 205 A :
15 : [ ; A
S 155 3 L 7 s B
T F 3 o1 Sl
® f 0.05F T\ .
05E 3 /i : | \\§§\ |
ObLeerslon o bl oo b KL [t QAT
123 123.5 124 124.5 125 125.5 126 126.5 127 127. 0 10 20 30 40 50 60 -QIS -10 5 0 5 10 15
Ty (MeV —
0ld result: m, [GeV] n(MeV) 10g(L(JP = 0+)/—£(JP =07))

Width =
A: < 24 MeV
C: < 22 MeV
(95%CL)

Couplings are Spin =
within 20% of 0+ preferred
the SM values over 0-,1,2

A: 125.4 £0.4 GeV
C: 125.0 £0.3 GeV

SM-like behaviour for most properties, but we look of course for anomalies,
l.e. unexpected decay modes or couplings, multi-higgs production...




Higgs — pM

This decay is not expected to be observed at the LHC yet

llllllllllllllllllllllllllllll

oS cMS Prellmlnary — 'Colmtlnna:tlol:m 3- SO;ATLAS H - l-ﬂl- _: CMS-PAS-HIG-13-007

T “Felrrevi-son® 5 - 7TeV 451" ,
i 35_&;;&:?;;1 ; % i - Qpsered 1. ::=8Tzv Y B ATLAS: arXiv:1406.7663
3 - 1 = L Mt1o ]
N 15 o | ATLAS:
§ = 10 %0 7 u<7.0 (7.2 exp.) @ 95% CL
- 20F 1% - CMS:
S o 19 1 u<74(5.1exp) @ 95% CL
"ok 10 :
i oo .. Certainly NO claim from
T R VT R T 120 125 130 135 140 145 150  the experiments, but...
m,, [GeV/c?] m,, [GeV] ‘

L

A<05, A=0, My, Mg < 1000 GeV

cors () wene ez emnnre | EXtensions of the SM by complete vector-like families:

R.D. and A. Raval, 1305.3522 [hep-ph]

Explaining the g-2 anomaly with
consequences for Higgs to uu decays

Desperately Searching New Physics ©




Higgs: ttH

product

*Expect to reach sensitivity for SM ttH process, using all H decay channels
*One channel shows an anomaly: the multi-lepton final state

Target ttH production in leptonic (e, p) final states from H—tt, ZZ",WW~

4 leptons + b-jets (other than H—ZZ—4l,
no resonant Z—11)
3 leptons + b-jets (no resonant Z—1l)

2 same-sign leptons (ee, e, pu) + b-jets

95% CL limit on p

Excess mainly comes from at mg= 125 GeV
SS di-muon channel

{s=BTeV. L=19.6f"
CMS Preliminary |-s-Observed

] FE Exp. (68%)
m,=125.7 Gev [0 5

four-lepton
u<6.28 (8.8 exp)

trilepton
u < 6.7 (3.8 oxp)

dilepton
u<9.1 (3.4 exp)

combined
u < 6.6 (2.4 exp)

3456 10 20 30
95% CL upper limitonu = oioSM

observed: 6.6

2.4 (in absence of ttH signal)

expected: 3.5 (with SM ttH production)

Only in the same sign muon channel: most likely explanation is a fluctuation!!




ATLAS: hh — yybb

*No signal expected with the present collected luminosity for this channel
*Select events with 2 b jets and 2 photons. (nhon-resonant channel)
*5 events within bin of Myy+2oy,,, and 1.5 expected

which is about 2.40 significance...
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Search for LFV Decay

CMS-PAS-HIG-14-005

Previous best limits on B(H—pt) <~ 10% from reinterpretation On pu blic demand
of LHC H— 1t searches and from t—py amv:1209.1397
— Can do better with first dedicated search from Ol theory
friends ©

Consider hadronic (1) and electron (t,) tau decays
Same basic event selection and jet categories as SM H—1t
analysis (0-jet, 1-jet, VBF-tag)
Differences in kinematics
— Harder muon p; spectrum  7had Thad sl

“ “
— A¢ between y, 1, /7, ’ g
missing energy vector




Search for LFV Decay_

CMs prellmmary 19.7 b, (s =8 TeV

* Comparable sensitivity W Odets| T I
from all channels ggﬁ ee) S o o
R *  Expected _
ut 1 Jet
| 23?% (elg_) - [ expected= 10
* Observed limit 1.57% (exp. ~ ~ P [ Jewecea2e
07 | -
nt, 0Jets | N
. 1.32% (exp.) .
* Large improvement of 2oa%(obs) | _
. . . ue,, 1 Jet
previous limits 150% @) -
. 0os.
ut, 2Jets | N
3.77% (exp.)
* Background-only 3.84% (obs)
- h—ut
p-value of 0.007 (2.460) o o) Q
— Best- ﬁt +040 1.57% (obs.) L1 | L1 | L1 Iél ! |10
O
B(H—p1) = 0.897 37 95% CL Limit on Br(h—uct), %

Mild excess giving a 2.50 effect... To be watched!!!




Search for LFV Decays: H -

Limits on Yukawa couplings

° Translate branching ratio CMS preliminary 19.7 fb'1, {s=8TeV
limits to limits on Yukawa F
couplings

* Previous best limit from T—py:
[ +[r.[ < 0.016

* Observed limit:
[+, < 0.0036

* Large improvement of

previous limits A




The Total Width of the Higgs

_ Direct width limits so far 3.4 GeV in ZZ and
Recent History 6.9 GeV in two-photon decays (95% CL)
from the resonance peak measurement

arXiv:1405.3455 —Dominated by experimental resolution

eUntil recently it seemed unlikely the LHC could 00 o8 (5 H) = Z6°)20%) = i€, My=126CeV |
measure the total Higgs width (~4.2 MeV in SM) RN
*In 2012 it was noted that 7.6% of the Higgs to  [rrlA)> ey

gg2VV

>
3 _
ZZ cross section is above 180 GeV  arXiv:1206.4803 £ | ko
*The off-shell contribution is independent of the S oo [\ e
total width! §0.0001 |
*The ratio of on-shell to off-shell can thus provide |
information on the width 1e-06 |
Interference of the signal with ZZ continuum is : 1|0Jo P
important and must be taken into account My [V

2012/13: Kauer, Passarino; Caola, Melnikov; Campbell, Ellis, Williams ...

2
on—peak 8 ggng HZZ off —peak

2
Ooo sH7Z & s Oge sH 377 & gégHgHZZ
88 Ty 88




The Total Width of the Higgs

*Study Higgs — ZZ in the 4 charged lepton and 2 charged lepton + 2v decay
eDetermine the total Higgs width in the two channels separately
eUse a kinematic discriminant and m; distributions to reduce ZZ continuum

CMS 19.7 fb™" (8 TeV) + 5.1 fb™ (7 TeV) ] ]
T_:l 10— 4 observed 1 = Reminder : SM predicts :
d ST p—p— Mexpected . rH = 4.2M8V
o —— 2[2v + 4Im6m" observed y J
Y [ 22v+4 expected « 95% C.L. Limitson Iy : g *

8 | on-shell

i Combined ZZ observed
.-----. Combined ZZ expected

+ Expected : 33MeV
» Observed : 22MeV

<>

'y Measurement : B
« Expected : 4.2*135, ,MeV

a4 _”_ _ 95%CL + Observed : 1.877,; MeV ICHEP: ATLAS!‘.
I « Combination improves the [/Tqy | Observed | Expected
2 individual limits by ~20% =1
et 68%CL | R B=0.5 4.8 70
« Compatibility between the B—1 T ac
0 P —L..J  observed results and the SM - . :
o 10 20 30 40 50 60 hypothesis lead to a Ry=2 1 120

p-value of 0.24

Issue with the Theory??




Finally: a Global View-

CMS-EXO-10-021 | _Model inde_pendent se_arch
*Divide events into exclusive classes
o selected CMS «Study deviations from SM predictions
vents in a statistical way

O

Distributions in each class
control plots data of @ > pr1 - Most general

- container ()
R o @ M,/ - Good for resonances
) ~— @ MET - Escaping particles
AU

-~

P s ATLAS-CONF-14-006

event classes

()] T T T [ T T T T I T T T
w ~ . . o
le+ly| |ly+3jet| |2p+1ly % ATLAS Preliminary Variable: m,,,

eee © 10° & ILdt=2o.afb",E=8Tev o Data 2012 =
c L =
» (kinematiC) . . % I ® D.pseud.o-experimems SM-onIy a
€ distributions B 7 ' including sys. correlations i

% ® ‘ \pseudo-experiments SM-only
search 102 E_ 1 i - 'not including sys. correlations E
algorithm = . i : | ' E
+ data e **° i | | ATLASfor20fb! ]
O SM expectation  (kinematic) quantity - : ;é f : » 7 |
10 E : E
- = E - :
Probability distribution as expected : =T :

I I 1 1 1 1 |

»

for 35 pb-! for CMS
—muons, electrons, photons, (b)jets, MET 1



The LHC schedule

LHC roadmap to achieve full potential

2009 . LHC startup, Vs 900 GeV

2010

2011 Vs=7+8 TeV. L~6x10®cm?s", bunch spacing 50ns Run 1
2012 ~25 b
2013 ) ] o

st Ls1 . Go to design energy, nominal luminosity - Phase 0

2015

2ne6 Vs5=13~14 TeV, L~1x10*cms", bunch spacing 25ns

2“1? ‘"7'5_1 00 .'b..i

2018 152 . Injector + LHC Phase | upgrade to ultimate design luminosity

Next stop: 2015-2017
-Runnlng at higher energy namely 13 TeV to 14 TeV ,,.
2 Depending on how the magnet training goes
* eHigher luminosity ~ 100 fb! per experiment I
2 eDetails of 2015 running year still under discussion 1

21




Reach at the Start o_

What can we expect in reach at 13 TeV with 5 or 20 fb1?
*Look at the parton luminosities to predict sensitivity
sCompare reach @8 TeV/20 fb! with future energy/luminosity =~ Salam & Weiler

] , http: //cern ch/colllder reach/
I I T T T T T 2 '

= qq . . : . . T:_‘ '-.1 . . . . :
D | ; : : : : £ :
= o Ligiai|: : : : : o 6 5
o 5 L -q9 A— — R— — 3 o =
%‘ : H : : ; ; . %- 5 z
= . - RN SN S
S “r 13 TEV/S fb-1 ; ; g lé \
= : ! ; i : ; . - m 4 o
— y — s
é 3 P R TP PP L PP (PP {TTPTPT o SPPRP: POprpp % ‘:C:) f
S - < 3 2
= =
& 2 Feceimciciiieiciicmie i e S 5 E 2 5
© .
E z £
g 1 b 2 ....................... GE, 1

0 | | | | | | | ’ 0

0 0.5 1 1.5 2 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4
system mass [TeV] for 8.00 TeV, 20.00 fb! system mass [TeV] for 8.00 TeV, 20.00 fb!

Expect about 20 fb! in 2015: Expect gain in reach of ~50% at high mass!!



Reach with Ru_

What can we expect in reach at 14 TeV with 100-300 fb-1?
*Look at the parton luminosities to predict sensitivity
sCompare reach @8 TeV/20 fb-! with future energy/luminosity

8 — m—— e B T B 2 8 — — — . z
——aqagq i = —agq 3
7L gigid. ................................ 7_'_“;“_giéqiq, e e e &
—g9g || 1 S s | i
6 - Ternere TEREER Hianzaznznzaz = aszszzazal Masssgnasziz Yy £ aigazazas 3 e L e g e haseesa — i
| 14Tev/io0fbt | ;|14 Tev/300 fb= |

pue w

1IN 'Y

system mass [TeV] for 14.00 TeV, 300.00 fb!
Y

system mass [TeV] for 14.00 TeV, 100.00 fb!

2 2
1 i |
0 0
0 0.5 1 1.5 5 2.5 3 3.5 4 0 0.5 1 1.5 2 2.5 3 3.5 4

system mass [TeV] for 8.00 TeV, 20.00 b2 system mass [TeV] for 8.00 TeV, 20.00 fb™

Phase-I LHC Expect gain in reach of a factor of two at high mass!!



Summary

* There are no striking anomalies in the present ATLAS
and CMS data, as seen from the experiments from

— Searches
— Precision measurements
— Higgs properties (so far)
* A number of -not unexpected- 2-3 sigma effects are
seen, some of which may be of interest to follow up

with the new data or channels: eg WW cross section,
Higgs LFV decays...

« Careful theory assessment of the SM predictions very
important, as always...

Next stop: 13 TeV in 2015... and maybe




