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The current status



LHC Run1: a brief recap

1 | | | | | | | | |

ATLAS Online Luminosity

2010 pp s =7 TeV
e 2011 pp Vs = 7 TeV
m— 2012 pp Vs = 8 TeV 20.3 fb-

« 1984-2009: 25 years of conception,
design, & construction

« 2009: start of Run1, first beams
« 2010: first pp collisions at /s=7 TeV
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- 2011: stable pp collisions at 7 TeV,
increased luminosity (peak & total)
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« 2012: stable pp collisions at 8 TeV,
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higher luminosity (peak, integrated)
. garly 2013: end of Run1 after heavy 0.04 fb-
ion (HI) run o— e |
3o o ol oct

Month in Year

Total delivered luminosity in Run1:
+ pp: ~25 fb' to ATLAS and CMS; 3 fb-! to LHCDb (lumi levelling)
+ HI: ~10 (2010)+160 (2011) ub™! Pb-Pb, 30 nb™! p-Pb to ALICE/ATLAS/CMS
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The path to high luminosity

- optimally focused beams at IP (3*)
« many, high-intensity bunches (hnumber of bunches, bunch intensity)
- small emittance (spread of beam in transverse phase space)

Parameter 2010 201 2012 design value
Beam energy 3.5 3.5 4 7
*inIP1and5(m) 2.0/3.5 1.5/1.0 0.6 0.55
unch spacing (ns) 150 0 0 2
Max. number of bunches 368 1380 1380 2808
Max. bunch intensity (protons per bunch) 1.2x 10" 1.45x 10" 1.7 x 10" 1.15x 10"
Normalized emittance at start of fill (mm mrad) =2.0 =24 =2.5 3.75
Peak luminosity (cm=s™) | 21x10% 3.7x10% 7.7%x10% 1x10*
Max. mean number of events per bunch crossing 4 17 37 19
Stored beam energy (MJ) | =28 =110 =140 362
B r T 1 1 17 17 T 17T 1" r 11 1717 T T 1" r 1Tt 1 1717 T T 1" ] d s
10— \s =7 TeV \s =7 TeV ve=sev & (O ES/A[)
H éTf,ASL o _ g
ol nline Luminosity — Value

Peak Luminosity [10™ cm? s77]
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—xcellent detectors for an excellent machine

- High data-taking efficiency (dead-time, g T ARASLAAARAARRARAS

_ 0 S -y trlgger eff Wrt ofﬂlne ATLAS Preliminary -

dead channels, bad data quality <10%) L e SPER e -

(4N} " m | "

. . - . i 4 ]

 High trigger efficiency for physics 0.8]- . [ TL

channels of interest (close to 100% with b Jramson ]

respect to phase space selected offline ; e oo :

0.4 - -

for best S/,/B) S = g80_loose :

. . . 0.2} =

* Pile-up robust algorithms to cope with ; f " . i
#mteractlons/crossmg > de3|gn value (~ 25) O+ 630 40 **3¢ 60 7080 90 100

= "

SRR , S e : — photon ID ' N

: : | efficiency _

[~ ATLAS Preliminary |

u \s =7 TeV i

i  Duazort f Ldt=4.9f"

i " Komin U ed:
- Data-driven measurements of detector - oSl MG |T°°:‘;e" ’

] O nl <0. .
performance to squeeze systematic o ob —
uncertainties to % level or better KO I —

=9
"~ -0.1f ‘ -
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What do we know after Runi?

A view of the physics situation Jorgen
after Run 1 Beck

Hansen

Beyond Standard Mode

(BSM) l

Standard Model

(SM)

Accelerator Accelerator Telescopes
Direct searches Precision

measurement

« Consolidated the SM: comprehensive set of measurements at \/s=7 and 8 TeV
* Precision EW and QCD
- Rare processes particularly sensitive to New Physics like Bs—pp
- Completed the Standard Model: Higgs boson discovery (ATLAS & CMS)!!
- clear evidence in various final states for same mass~125 GeV.:
* 5-86 for each of H—yy, HH-WW*—lvlv and H—-ZZ*—4l per experiment
* ~46 H—1t and ~2c W/Z+H—bb per experiment (+3c VH—bb @Tevatron)
» JP: >80 exclusion of 0, 1%, 2* vs 0* per experiment (yy/Iviv/4] combined)
« couplings: some measured to 20-30%, in agreement with SM values
- BR(invisible) <~ 30%; no enhancement of rare decays (Uu<7xSM, Zy<10SM) [both exps]

- NO evidence of new physics (<~1 TeV) despite huge # of (direct&indirect) searches
Giovanni Marchiori Towards the LHC Run2 7



* In the Higgs boson sector:

- SM Higgs sector very constrained
* one neutral scalar

- for given mass everything else fixed
* Myrelatedtomwand m:

Vs=8TeV -

|
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a(pp — H+X) [pb]
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—xXamples of indirect, precision searches

* In the flavour sector:
 contributions to loop-induced
processes by new particles
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ATLAS SM measurements

« similar results from CMS
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ATLAS & CMS Higgs results: the evidence

g % [Lat-4S®lsa7Tev  ATLAS - _ CMS, 4.9 fb" at 7 TeV, 19.7 fb" at 8 TeV
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ATLAS & CMS Higgs results: mass & couplings

7 l 1 | 1 I I ] ] 1 1 l I ] ] 1 ] 1 1 1 ] L
. ATLAS and CMS H-yy §
5 - — HZZ-4] -
- LHC Run 1 —— Combined yy+4l
A TR Stat. only uncert. -
5t :
4 =N fpemsaseneasaniuassenasscanss —
31 -
20 -
| — -
O | - ‘ - ;
124 124.5 125 125.5 126

m,, [GeV]

* mn=125.09+0.21(stat.)+0.11(syst.) GeV

19.7 b (8 TeV) + 5.1 1b' (7 TeV)
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« similar couplings from ATLAS

Giovanni Marchiori Towards the LHC Run?2
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see talk by Yichen Li

ATLAS & CMS Higgs results: spin & parity

120 CMS X —7ZZ + WW 19.7 o' (8 TeV) + 5.1 fo (7 TeV)
. -e-Observed ---Expected S

100 F 0" + 10 NS ]
ST PSR R S A A T T

- _

OF oese Sea0

@ gg production qd production
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ATLAS SUSY searches

« similar results from CMS

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Feb 2015 Vi=7,8TeV
Model euty Jets ET™ [Laqm™) Mass limit Reference
MSUGRA/CMSSM 0 26jes  Yes 203 mgl=mie) 14057875
W =gy 0 26 Yos 203 m(E7)-0GoV. m(1* gen Qhem(2 gen. Q) 1405 7875
&y, o-oqf’z(com 1y 01jet Yoz 203 () - rte) 14111559
2. R—qat) 0 26j0ts  Yes 203 m(T3)=0 GeV 14057075
2. Rt} —ggW' i) tep  36jets  Yes 20 M(T)<300 GV, (i =0 Sm(i T em(zh 1501 09588
. ;-..um(v/mﬂ 2¢p  Odjets - 20 m(E})w0 GeV 1501 03555
GMSB (7 NLSP) 1274017 0-2)@s  Yes 203 tang >20 1407 0603
GGM (bno NLSP) 2y . Yes 203 (i} )>50 GoV ATLAS-CONF 2014001
GGM (wino NLSP) Tepey - Yes 48 m(T3)>50 GaV ATLAS CONF 2012144
GGM (higgsino bino NLSP) Y 1h Yes 48 m(T})>220 GeV 1211.0167
GGM (higgsino NLSP) 2ep(?Z) 03jets  Yes 58 m{NLSP)»200 GeV ATLAS-CONI'-2012-182
Graviono LSP 0 monojel  Yes 203 MG)>1 5 x 107 eV mip)=m(J)=1.5TeV 1502 01518
F-sbbi) 0 3b  Yes 201 mi’) <400 GoV 1407.0600
Rl 0 710jets  Yes 203 (i) <350Gev 1308 1841
.-..ﬁé Otep 3k Yes 201 mii)<400 Gav 1407.0600
ik 01 ep b Yes 201 m()<300 Gav 1407.0600
Byby, by bty 0 2k Yes 201 m(i})<00 GoV 1308 2631
Byby, by—ek) 2e,u(88) 03b  Yes 203 miE; 2 mivy) 1404 2500
iy, fy—bi} 12ep 120 Yes 47 m(E]) « 2mii). mii])a88 Gev 12092102, 1407 0563
fiiy, iy = WhHi; or i) 2e O2jets  Yes 203 miE)=1 Gav 1403 4853, 14124742
Fufy, fy sty 0tep 1-2b  Yes 20 miE5)e1 Gav 1407 0563.1406.1122
-~ 0 monojetic-1ag Yes  20.3 M, )mi{})<B5Gev 14070608
fy iy (natural GMSE) 2e.u(2) 1b Yes 203 m{i5)»150 Ge¥ 1603 5222
iy, fy=eiy + Z Jepl?) 1h Yes 203 m(t})<200 GeV 14035222
lismlyn, i—ti) 2ep 0 Yes 203 mi5)-0 Gev 1400 5204
187 8 —dww 2em 0 Yes 203 mED)=0 GaV. mil. 70 St Jomih)) 1600 5294
HE) 0] e 2r . Yes 203 M(ET)0 GaV. (7, =0 5(mik} Jomit})) 1407 0350
i"-o?uhmv) oy L) Jep 0 Yes 203 ] e 2), miE])=0, miZ. P=0.5imIET Jomiil)) 1402 7029
,ij 23ep  O2jets  Yes 203 m(E] pem(i3), m(E)=0, sieplons decoupled | 14035204, 14027029
kj wilu" hobb/WWrT/yy €Y 02b Yes 203 mEET pem(i3). me)=0. sieplons decoupled 1501 07110
86 12, g des 0 v 203 ). -0, il 10 SE)omdi 1205 5086
Diroct £ F] prod., longdived ]  Disapp. trk 1 jot Yes 203 miE? pegi)« 180 MoV, =(§])0.2 ns 1310.9675
Stable, stopped § R-hadron 0 15jets  Yes 279 m(E5)=100 GeV, 10 <)< 1000 8 1310.6584
Stable ¢ R-hadron Wk . . 19.1 1411.6795
GMSB, stable 1, £] 1@ jilerte ) 120 SR X 10<tangi<50 14116795
GMSB, i )G, long lived 1] 2y . Yes 203 2<r(])<3 ns. SPSB modet 1408 8542
3. ¥7 —sqqu (RPV) V. disphovix - - 203 1.5 <cr<156 mem, BRY)-1, m(})=108Gov | ATLAS.CONF.2013.082
LEV ppaivy 4 X, Vyove 4 1 2e.n . 46 A}, =010, 1,5:+0.05 12121272
LFV ppsit, ¢ X, ¥, —vel) 4 7 Tepsr . . 46 A}, =0.10, 2, ;=005 12121272
Bitnear RPY CMSSM 2e.4(S8) 030 Yes 203 MH=ME), cTigp<t mm 1404.2500
P17, B =Wy, ¥ —eri,, qrF, dep - Yes 203 D)0 2xm(E]), 12940 140 5086
BB Wi H erre, e, 3eper - Yes 203 mE)>0 2m(E]), 41,0 14055086
0 6.7 jots . 203 BR(1)-8R(H)=BRI< }+0% ATLAS CONF.2013 091
iy, i.-bs 2¢,u(88) 03b Yes 203 1404.250
Yes 203 — ! m(E7)<200 GaV 1501 01325
-1
- - - 10 ' Mass scale [TeV]

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

Giovanni Marchiori
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CMS exotic searches

« similar results from ATLAS

LQ1(ej) x2 stopped gluino (cloud)

LQ1 ((T_J)(;;_’_(Q; (vj2) stopped stop (cloud) )
-L2(H)) X HSCP gluino (cloud) =

LQ2(pj)+LQ2(vj) Lep.I.OqUC”.kS HSCP stop (cloud) Long .L|Ved

LQ3(vb) x2 g=2/3¢ HSCP Particles

LL%33('(er3 xg g=3e HSCP

X .
LQ3(vt) x2 chargino, ctau>100ns, AMSB

Single LQ1 (\=1)

neutralino, ctau=25cm, ECAL time

Single LQ2 (A\=1) 2 3 4 TeV
j+MET, vector DM=100 GeV, A
: j+MET, axial-vector DM=100 GeV, A
RS1(yy), k=0.1 RS Gravitons j+MET, scalar DM=100 GeV, A Dark Matter
RS1 (ee,pH), k=0.1 v+MET, vector DM=100 GeV, A\
RS1(ji), k=0.1 y+MET, axial-vector DM=100 GeV, A
RS1(WW=4)), k=0.1 I+MET, €&=+1, SI/SD DM=100 GeV, A
0 . | 2 3 4 TeV I+MET, £=-1, SI/SD DM=100 GeV, A
( Ms P re I | m | n q ry I+MET, €=0, SI/SD DM=100 GeV, A
2 3 4 TeV
SSM Z'(jj) ADD (y+MET), nED=4, MD La rge Extra
| —— ADD (j+MET), nED=4, MD | . .
SSM Z'(bb) - | ADD (ee,ji), NED=4, MS | Dimensions
SSM Z'(ee)+Z'(uy) ADD (yy), nED=4, MS |
SSM W'(jj) ) ADD (jj), nED=4, MS |
SSM W'(lv) , QBH, nED=4, MD=4 TeV |
. T —— NR BH, nED=4, MD=4 TeV
SSMW'Wz—Ivll) | ! ' QBH (j), nED=4, MD=4 TeV |
SSM W'(WZ—4)) ) Jet Extinction Scale |
0 1 2 3 4 TeV String Scale (jj)

2
coloron(jj) x2
coloron(4j) x2
gluino(3j) x2
gluino(jjb) x2
2

0 1 2 3 4 5 6 7 8

Compositeness

TeV

Excited
Fermions

dijets, A+ LL/RR
dijets, A- LL/RR
dimuons, A+ LLIM
dimuons, A- LLIM
dielectrons, A+ LLIM
dielectrons, A- LLIM
single e, A HhCM
single y, A HhCM
inclusive jets, A+
inclusive jets, N\-

4 TeV

Multijet

Resonances

01234567 8 910111213141516171819 TeV

Giovanni Marchiori

CMS Exotica Physics Group Summar

— Moriond, 2015
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LHCb Bsg—up with full Run1 data

16 — [ —
= :
E 14 LHCb -
< 12: BDT>0.7 —:
S-/ AS 3 fb—l _
~ 10 ~ —
& - .
é‘f 3 - -
ERNY: -
@) - N

4 -

2 —

+ Bs: BR=(2.9*11.1.0)10°  SM: (3.6+0.3)*10° M.
+ Ba: BR<7.4*10°10@95% CL SM: (1.10.1)*10-10
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Fluctuations..

19.7 b (8 TeV)
% al . ' Data(1717) - 1 Search for heavy neutrinos and W
= 3 /774t (1147) — . i
107 DVt (475 5 bosons with right-handed
o - [ Other (151) 1 couplings in proton-proton
> ) i —— My, =2.5TeV (29) 1 collisions at sqrt(s) = 8 TeV,
e 10°g|7 . o My, =2.5 TeVunbinned = £, phys. J. C 74 (2014) 3149
G>J = My = Mw,/2 -
< i 1 (see also CMS ~2 sigma excess in
10F '3 evbb shown yesterday in WH for
- 1 m>1.8TeV)
U3 o
i { ..... T -
1 0 E_ gl el PR ] | i SR TR 1 S | “T,L I R —:
(% 4 __ All Systematic Uncertainties { | __
E i B o Shape Uncertainty i
C 2 = _
Q &f . f 1
0 1 2 3 4
Mee;j [TEV]
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Multiboson Cross Section

a(y7)[AR,, > 0.4]
o(Wy = fvy)
— [Mjex = 0]
o"(Zy - tty)
= [njex = 0]
" (Wyy = tvyy)
= [Njer = 0]
o"(pp->WV-{vqq)
o(WEWHjj) EWK
% (pp—WW)
- WWosee) [ =0]
= " WW-pap) [njer=0]
- " (WW-ep) [nje:=0]
- " (WW-sep) [nje: 0]
0.!0!8'(pp_’w2)
- o"(WZ - ver)
o pp-22)
— o ppoZZ-4()
—o(ZZ - 4c)
-o(ZZ* - &)
—oM(ZZ* - ttwy)

Giovanni Marchiori

Measurements

Status: March 2015

I

L} '

Ll b [N |

v T v T v T v T v T v T

ATLAS Preliminary
Run1 +s5=7,8TeV

1 jan
- I
C | LHC pp \/§=7TeV
e e B oo
2804790 # - Observed
., MCFM ooy . 'D'-— gg{»,sysl
.: : t LHC pp \G = 8 TOV
‘ ;;‘;‘ - - Theory
—— Observed
J '.:x-' T —— - Slaf AN
e \ whegBor 5 ,»Jl:.': ' * L \ | 1 1 | |

0.2

04 06

08 10 1.2 14 16 18 20 22 24 26

observed/theory

Towards the LHC Run?2
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.. Or anomalies?

Explaining the CMS eejj and evjj excess and
leptogenesis in superstring inspired E6 models
Phys. Rev. D 91, 055010 (2015)

Stop that ambulance! New physics at the
LHC?
JHEP12(2014)010

+ >=1 theory paper for ~any >~2 sigma effect
seen so far

Giovanni Marchiori Towards the LHC Run?2
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Not only the energy frontier: B —K*uu@LHCDb

5~ v 1 ' ' ' ! | ! ' ' | ' ! ' ' |
_ Moriond EW 2015 il
i LHCDb -
- preliminary ]
SM from DHMV E
0.5F l . ]
- —I7
- —L Tl 1
_] i L L ! N | ] . I . | L . L L | - L L
0 5 10 15
2
- Black dots: new analysis, 3fb™ qz [GeV“/c?]

- Blue dots: old analysis, 1fb-"
« 2.90 local deviation in 2 neighbouring bins (3.7c naive combination) wrt SM
(recent calculation, arXiv:1407.8526)
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https://indico.in2p3.fr/event/10819/session/10/contribution/84/material/slides/0.pdf

The current landscape and the needs for next run

« The Puzzle: the SM can not be the ultimate theory of particle physics:
- what is the nature of the dark part (96% !) of the universe ?
- what is the origin of the matter-antimatter asymmetry ?
- why is gravity so weak ?
« why is the Higgs boson so light (“naturalness” problem) ?

Observed
mass
(~125GeV) H t W<
M?% = M2 — O u) +H(- 35S
b= Mo () O ) +(4)
Bare mass to cancel Radiative corrections, top loop dominates: ~m?A?
radiative corrections AZ?: the energy scale at which the SM breaks down

* O(.1%) fine-tuning for A=10 TeV

* If NP exists at the ~TeV scale, it may be discovered through direct searches
 higher energy to increase the production cross sections of NP signals

 If NP is at the TeV++ scale, its effects may be visible only in indirect measurements
« much higher luminosity to do precision studies and search for small signals

- HARD TO MAKE DEFINITE PREDICTIONS...

Giovanni Marchiori Towards the LHC Run?2



SUSY: one way to avoid fine tuning

 a similar “naturalness” problem: the electron mass

M.L.Mangano,
after Murayama
E>0

82

2
A(mc”)coutomp ~ =
Requiring:
Am < m =0.5 MeV

A=1/r<5MeV

Introduce the positron (Dirac, 1931)

©
@@G)@@
OO © O
OALO

®
© S ©

A(m)esowe<0 ~ e‘mlog(A/m)

which is a correction of only 10% even at
scales of the order of the Plank mass:

A(m)gsoee<0 ~ 0.1 m

at

A =10 GeV

« space-time symmetry (Lorentz invariance) = doubling of spectrum = reduced
dependence on high-momentum physics: may history repeat itself with SUSY?

« more nice features: LSP as a dark matter candidate, gauge coupling unification

Giovanni Marchiori
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LHC activities during the shutdown

- Many consolidation activities to improve reliability at higher energy and rate

New dipoles: 18 out 1232 replaced

Stronger connections between dipoles: >10k electrical interconnections
fitted with shunts to provide an alternative path for I=11kA in case of fault

Improved quench protection system to dissipate stored energy in
controlled manner when abnormal voltage starts to develop in a magnet

Improved cryogenics: consolidation, maintenance of compressors,
upgrade of control systems, renovation of cooling plant

More radiation-resistant electronics

"Better” vacuum: inside of beam pipe coated with non-evaporable getter
(NEG) to capture electrons. In places, solenoids wrapped around the beam
pipe to keep electrons from deviating from the sides.

« Huge test program (electrical QA, electrical resistance measurements, leak
tightness tests..)

Giovanni Marchiori Towards the LHC Run?2 23



LHC plans for Run2

- Higher energy: 6.5 TeV/beam vs 4 TeV/beam [possibly 7 TeV/beam after 2015]
 operate radio frequency cavities at higher voltages

» Higher peak luminosity: 1.5*10%* vs 7*10°3 cm=s’
« Narrower beams: B* = .4m vs .6m
* transverse beam size decreases with increasing energy
 Closer (2x) proton packets (so 2x more bunches): 25 ns instead of 50 ns
» slightly less populated (1.2*10'! vs 1.7*10"" p/beam) to mitigate pile-up

- Performance to be achieved gradually through 1st year of operation (2015)
- start first with 50ns separation, * = 0.8m and improve gradually
« commission beam with reduced emittance (1.65) for 2016 (~45 fb-1/year)

- Beams back to LHC last weekend (at SPS energy) !

50ns 1.2 25 1368 0.8 4.8E+33 25 21 (Jun) 0.5
25ns 1.1 2.5 2448 0.8 7.2E+33 21 30 (Aua) 3

25ns 1.1 25 2448 04 1.2E+34 34 48 (Oct-Nov) 8
http://Ihc-commissioning.web.cern.ch/Ihc-commissioning/performance/2015-performance.htm
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LHC Run?2 (and beyond) schedule

® Luminosity =—Integrated luminosity
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* some uncertainty on length of end-of-year breaks. Usual caveats apply..
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Why higher energy”?

WJS2013
100 R ! ! LI | T

ratios of LHC parton luminosities: 13 TeV /8 TeV ;

luminosity ratio
S

MSTW2008NLO
1 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1

100 | 11000
M, (GeV)
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Why higher energy”

Minimum bias

W(ln)

Z(ll)

L7

t (s-channel)

t (t-channel)

WH

H (ggF)

H (VBF)

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
L' SSM (3 TeV)
Q* (4 Tev)
QBH (5 TeV)
QBH (6 TeV)

alovanni viarcniorl

13 TeV / 8 TeV inclusive pp cross-section ratio

’
1;21.6 - Run2 sensitivity > Run1 for
) 1.7 - first 1fb': strongly produced very heavy
2.0 states
) 2.2 » 3-5 fb™': most of the searches
J 2.5 + 10 b or more: ~all other analyses
J2.0 (some exceptions: VHbDb..)
) 2.3
) 2.4
1 3.3
) 3.6
J 3.9
) 4.0
) 8.4
J 46
J 10
) 56
J 370
J 9000
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Detector activities during the shutdown

nnnnnnnn

AT
EMCal - TS
s e i)

rrrrr
cccccccc

 upgrade to DAQ
to double the

Improved tracker

* new, smaller,

thinner beam cooling system
pipe to go from +4C rate
+ 4th pixel layer at to -15/-20C * better vacuum

(NEG coating)

smaller radius
* installation of a

new beam pipe
upgraded HCAL

final layer of photodiodes
muon chambers with better S/B
iIn one of 2 « completed muon
endcaps system (4th RPC

disk in endcap)

Retuning of the reconstruction and

trigger algos for higher pile-up and bkg

Giovanni Marchiori Towards the LHC Run?2

new beam pipe
magnetic field
map
measurement for
improved track
reconstruction
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Commissioning the ATLAS IBL with cosmics

|

| CATLAS

2 EXPERIMENT

Giovanni Marchiori Towards the LHC Run?2




The ATLAS and CMS physics programme in Run2

» Two main goals:
« Extend the studies of the recently discovered 125 GeV Higgs boson
- Search for NP as deviations from SM in the Higgs sector or elsewhere

* A rich physics program, including:

« SM (non-Higgs) - BSM extended Higgs sector
- high-energy EW, QCD, top - High mass 2HDM/MSSM neutral
production bosons: yy, WW, ZZ, 1, bb, py ..
* rare processes: vector-boson - Cascade Higgs decays:
scattering, triboson production = A—Zh—llItt, lIbb.. / H—hh—yybb,
anomalous triple/quartic couplings, 4b, bbtt, yyYVV, ..
FCNC top decays, .. - Charged Higgs: Wh, WZ, AW ..
* Invisible decays: ZH—Il+ETmiss,
» H(125) Higgs boson VH—jj+ETmiss, VBFH—|j+ETmiss ..
» precise measurement (>50) of * LFV decays: 1, 1€, ep
fermionic channels (bb,t1)
« ttH = yi  Direct searches
* rare decays (uM, Zy)  excited quarks, gravitons: dijet,
- couplings and differential xsections photon+jet, diphoton resonances

- heavy bosons (Z’): Il resonances
* supersymmetric particles

Giovanni Marchiori Towards the LHC Run?2
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Selected perspectives

* Next slides based on prospect studies:
« ATLAS (arXiv:1307.7292)
- parametric simulations

- similar analysis as Run1 (do not include improvements due to new
techniques, improved understanding of bkg, reduced theory
uncertainties)

« CMS (arXiv:1307.7135)
- extrapolation from Run1 current results with assumptions on errors
* scenario A = same as Run1i
- scenario B = Atheory/2, rest « 1/,/L

« ATLAS and CMS scenario A bay be somewhat pessimistic (no retuning..)

» Studies were done for both 300 fb-! and for the long-term high-luminosity
(and high pile-up!) phase (3000 fb-1, 2025-203x)
« many plots are for 3000 fb-!, but numbers are given also for 300 fb-! and
are then (roughly!) extrapolated to 100fb-"

Giovanni Marchiori Towards the LHC Run?2
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Higgs boson precision measurements

signal strength

ATLAS Simulation Preliminary
's = 14 TeV(|Ldt=300 b ™) ; [Ldt=3000 fb"

——

Houp  (comb.)
(incl.)
(ttH-like)
H—tt (VBF-like) EERd"
H—»ZZ (comb.) mma"
(VH-like)
(ttH-like)
(VBF-like)
(ggF-like)
H—->WW (comb.)
(VBF-like)
(+1])
(+0j)
H—-Zy (incl.)
H—-yy (comb.)
(VH-like)
(ttH-like)
(VBF-like)
(+1]) -t

(+Oj) asddl : :x 1 1 1 l 1 Il

Giovanni Marchiori

couplings
CMS Projection 300 bl
1] 1] l Ll 1] 1] 1] I L3 L] 1] 1] I L3 r
Expected uncertainties on F— 300" at s = 14 TeV Scenario 1
Higgs boson couplings — 300" at 5 = 14 TeV Scenario 2
Ky Scenario 1 (pessimistic): systematic
Ky uncertainties as today
" Scenario 2 (optimistic): experimental
Z uncertainties as 1/VL, theory halved
Kg
Kp
Ky
KT
L L L L L l L L L L l L L L L l L L
0.00 0.05 0.10 0.15

expected uncertainty

ki = coupling normalised to SM value
100 fb'is a factor 1.5 larger
expected sensitivity with 100 fb™': 7-25%

Ku: ~35-40%

Towards the LHC Run?2
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Precision EVW measurements: V

3
w W _E
~s~ '0' ~~~ 'O‘ ~s~ ’¢' w
= 70 4 Ho
wr W' CCEIMw?  ~ [-CHE)EYMW2
 In SM with Higgs, §=0; §&£0, would be sign
for new (resonant or non-resonant) physics
+ Analysis: ! ’
o)
14 _}ﬁ,.L f Q
. S
v VV\\( f =
o
/ %

q q

At least 2 high-pr jets (>50 GeV), forward,
large invariant mass (> 1 TeV)

- leptonic final states for better S/B:
(41), WZ (31), WW (21, same-sign)

« bkg from non-VBS diboson + jet

Y4
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SUSY searches

 direct stop production

- direct sbottom production

m_, [GeV]
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°
naturalness = light (<1 TeV) . sbottom also supposedly fight

» challenging due to top bkgs

« 5o discovery up to ~800 GeV in

direct production with 300 fb1,

~700 GeV with 100 fb-

Giovanni Marchiori
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due to mixing with stop

- final state: same-sign lepton pair,

jets, b-tags, MET

- discovery for m(sbottom) up to

500+ GeV
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Heavy boson searches
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« <~5 TeV excluded with 100 fb-!

for both ee and pp

Giovanni Marchiori

- W—ev, pv
- search for Jacobian peak in
transverse mass, bkg from

tails due to SMW

AazooCMS proiection - \E = 14T|e!VH _
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« <~5 TeV excluded with 100
o
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Conclusion

+ A tremendous effort was produced during LHC Run1, leading to
- the discovery of a (the?) Higgs boson
* in excellent agreement with SM predictions
- completing the SM
» providing an explanation for EW symmetry breaking & mass generation
« no evidence for BSM physics despite the wide-range searches

« There are reasons for believing that the SM is not the ultimate theory and that
whatever is behind it may be in the TeV range

* Increasing the LHC energy to 13-14 TeV and the luminosity by an order of

magnitude will significantly extend the reach of the direct searches and the
accuracy of the indirect ones
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