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e Hadron Collider (LHC
Installed in 26.7 km LEP tunnel =
Depth of 70-140 m
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2015 2016 2017 | 2018 2019 2020 2021
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LHC
Injectors Run 2 LIU installation

PHASE 1
2022 2023 2024 | 2025 2(

.. Iy LHC: Run 2 e oltre

HL-LHC installation

Goal luminosita integrata con 25 ns bunch crossing:
e 2015:~4fb! @ 13 TeV (2x2244 bunches nominali)
« 2016:~25fb! @ 13 TeV

B" =40 cm in ATLAS e CMS; 3 m in LHCb; 10 m in ALICE

Ottimizzazione ramp-up/squeeze alta intensita e luminosita integrata

* Run2:~100 fb!

Preparazione per (o direttamente) operazione @ 14 TeV

* 300 fb! prima di LS3
LHC Injector Upgrade (LIU = LS2) e High Luminosity LHC (HL-LHC = LS3)

ben definiti e in fase di costruzione
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LHCDb Integrated Luminosity at p-p in 2015

Integrated LHCb Efficiency breakdovwn
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LHC Fill Number

5 x 1033 cm- st Picco

Disegno 103* cm™ s

ATLAS:
efficienza presa dati 92.0%

Integrato

Registrati ~ 4.3 fb!
Ultima settimana > 1 fb*!
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Total Integrated Luminosity [fb™]

Dati pp nel 2015

LHCb Luminosita costante 0.36 (0.32) fb-1 (registrati)

Luminosity monitors calibrated with beam-separation scans.
Current precisions: 5.0% (ATLAS), 2.7% (CMS), 3.8% (LHCb)

Pileup profiles: ATLAS/CMS: <p>zpps = 20, <P>05 s = 13 (<p>grey = 21), LHCb: <> ~ 1.7
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Pb Pb @ 2015

- Luminosita picco (disegno): 1x10%7 cm--2s-"
o ALICE livellata a luminosita di disegno
o ATLAS/CMS fino a un max 3.5x10%” cm2s’

- Luminosita (3 settimane fisica):
o Goal ioni pesanti 2015 :300 - 500 ub’
o ALICE 430 ub; ATLAS/CMS ~700/600 ub'; anche LHCb

Piano di lavoro:
RUN2 (2015, 2016, 2018) : 1 nb! Pb-Pb
con rivelatori migliorati e raddoppio
energia (2015 e 2018), e un run p-Pb con
statistica x10 nel 2016 (Lol LHCf)

L.HCDH  PbPb collisions

N\ CH Futuro:

RUN3 + RUN4 (2021, 22, 23 and 27, 28,
pogramme 29): 10 nb? con ulteriori miglioramenti
apparati e in aggiunta un run dedicato a
basso campo e pPb




Collisioni Pb-Pb @5 02 TeV

e, 14IIII| I I IIIIII| I I IIIIII| I IIIIIII| I
;-f L pp(pp), INEL AA, central i
§ [ O ALICE m ALICE B
% [ o CMS ¢ CMS i
= L~ UA5 e ATLAS -
10% PHOBOS + PHOBOS ]
< T v BRAHMS && o *19547]
8 pA(dA),NSD  STAR -
" m ALICE % NASBO ]
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10 10° 10° 10*

V'syn (GeV)

ALICE Pb-Pb Run 2: arXiv:1512.06104 [nucl-ex]

Densita di molteplicita di
particelle cariche

A rapidita |n| < 0.5 raggiunge
un valore di 1943 + 54 nelle
collisioni piu centrali

Piu forte dipendenza da Vs
rispetto a pp

Fattore 2.4x di molteplicita
particelle cariche rispetto a p-
Pb alla stessa energia scalata
sul numero medio di coppie di
nucleoni partecipanti
(Npart)/2

16 GB/s readout/ 6GB/s on
disk after HLT compression

®Readout ®Event builder|

im 9m 17m



Gli apparati per Run2

ATLAS Insertable B-Layer (IBL)
\ \\\\ r /// & - Long Shutdown 2013-14 (LS1)

S \\\\\)

— Nuovi tubi a vuoto Be zona collisione

— Riparazioni e consolidamento camere muoni
— Nuovi servizi, nuovi link ottici

— Nuovi sistemi di monitor di fascio

ATLAS:
g 400 e :
= 350F SELAS OPrze"mi”ary o Data2012,{s=8TeV — — IBL - Insertable B-Layer
—_ - .0<n<0. =
© = e Data2015,Vs =13 TeV _ .
T 300F E CMS:
250 . . = :
200E- Risoluzione parametro | — Quarta stazione RPC Endcap
1 05 — d’impatto trasverso 5
50, ] =
100 —— o = ¢ Prima del LS2 (2019-20)
501 T E CMS:
O_ L | L L L | 1
= ol e —— — Nuovo rivelatore a pixel
N 06pe—e——s—"" |
S 4x107 1 2 3 4 5678910 20
p, [GeV]

IFAE2016 — Genova - 30 Marzo 2016 Nadia Pastrone INFN Torino 8



Trigger/DAQ per Run2

Long Shutdown 2013-14 (LS1)

100

Rate [kHz]

Menu used at the end of 2015

e e e —
F ATLAS internal

90f Vs=13TeV / E
80 e 3
Goal: L1 rate up to 100 kHz o LU E
30 =
ATL AS: E CMS Preliminary 52.0pb” Vs=13TeV soE- 3
. . é > ‘. - ? 10 L1 Rate expectation: =
— Nuovo trigger topologico L1~ 5, /< L T o
— Nuovo high-level trigger (HLT) .. T NI

r 500 1000 1500 2000 2500

+ T + I

0.4

— Nuovo Fast TracK Trigger (FTK)

: {

0.2

CMS:

+ Stage 1, Relaxed: pT>28 GeV

+ Stage 1, Isolated: pT>28 GeV

+ Legacy: pT>23 GeV

— Nuovo trigger calorimetrico
— Nuovo DAQ/Nuove CPU per HLT

— Calcolo multi-threading, multi-core
 Prima del LS2 (2019-20)

ATLAS:

— 2016-17: FTK completo

CMS:

— 2016: completamento nuovo trigger

IFAE2016 — Genova - 30 Marzo 2016
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Muon trigger

Optical

Nr. of colliding Bunches

Endcap RPC Barrel
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unique geometrical coverage

outstanding track momentum and vertex resolution °
74 \ . Lrigger
excellent Particle Identification performance // \\\ Y
/ \ \\
\

2 22

unique trigger strategy

HCAL g
ECAL Ms
SPD/PS g \\ \\
Magnet RICH2 | M2 \ A\
T3 A\

' N

Tracking efficiency >96 %

Decay time resolution 45 fs

Momentum resolution 05-1.0%

Software trigger input 10° events / s

® Part of the physics programme
needs billions of recorded

Turbo

candidates (e.g. charm
measurements): but with no need
for the rest of the event.

® Searches for rare states and rare Real-time alignment
and calibrations

FULL

decays still need the FULL event to
take advantage of new algorithms

(e.g. new Muonld)

Offline reconstruction and
associated processing

® New algorithms have to be —s

developed and calibrated, online
performance (efficiency, rejection )

Offline reconstruction and
power) has to be measured. > [T associated processing

Calibration
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luminosity ratio
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La nuova frontiera dell’energia
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Events / GeV

23 2

107
10°
10°
10*

2.7 b’ (13 TeV)

CMS

Preliminary

¢

Jhp
,q,l

low mass double muon + track
B. double muon inclusive

IFAE2016 —

;1;.9;1' invariant massf ?2GeV]
Minimum bias

W(ln)

Z(l)

Zz

t (s-channel)

t (t-channel)

H (ggF)

H (VBF)

WH

tt

ttz

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z'SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV)

2.0
2.2
2.5
2.3

3.3

\

: Quali potenzialita?

Cross section ratios: 13 TeV /8 TeV

Hugely increased potential for
discovery of heavy particles at 13 TeV!

luminosity ratio

WJs2013

MSTW2008NLO

1000



Sezioni d’urto inclusive

[ g 1012 T T T T Tr T L L L | |
8 I Prediction i 3
&L ATLAS Preliminary 7
» @ Measurement

© 10 inelastic =——xx— Pyhias 3
10° ppo> W ——2 FEWZ I

F pp > 21y T z

10*E E|

10° = 3

- top-++ NNLO+NNL! ]

102_5 55"2 NLO+NNLL E

- e =

- R TE=THC XS !

10 PPH — 3

E pp—2Z en E

1 00 A 1 1 1 1 1 |
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$ inelastic

7 TeV, 20 ub ', Nat. Commun. 2, 463 (2011)
13 TeV, 63 ub”’, ATLAS-CONF-2015-038
Lppo>Ww

7 TeV, 36 pb™', PRD 85, 072004 (2012)

13 TeV, 85 pb ™', ATLAS-CONF-2015-039
T po—>Zy*

7 TeV, 36 pb ™', PRD 85, 072004 (2012)

13 TeV, 85 pb™', ATLAS-CONF-2015-039
3 pptt

7 TeV, 4.6 b, Eur. Phys. J. C 74:3109 (2014)
8 TeV, 20.3 b, Eur. Phys. J. C 74:3109 (2014)
13 TeV, 78 pb”, ATLAS-CONF-2015-049
T opp—tq

7 TeV, 4.6 fo'", PRD 90, 112006 (2014)

8 TeV, 20.3 b, ATLAS-CONF-2014-007
13 TeV, 3.2 fb!, ATLAS-CONF-2015-079
2 pp—>H

7 TeV, 4.5 b, arXiv:1507.04548

8 TeV, 20.3 fb', arXiv:1507.04548

13 TeV, 3.2 b "', ATLAS-CONF-2015-069

w22

7 TeV, 4.6 fb, JHEP 03, 128 (201 LA L B L B LA B B L B T 1 T T LI —
8 TeV, 20.3 b, ATLAS-CONF-20 pp = 2Z — 4l ATLAS
13 TeV, 3.21b", arXiv:1512.05314 Fiducial
4 ° ‘ -
© \s=13TeV, 321"
®  Measurement
2e2u . Tot. uncertainty
Stat. uncertainty
a2 prediction
n i
+ 20
Combined P — Theory: PLB 750 (2015) 407
| | I | | CT1|0 NNI_OI |
. 4 06 08 1 1.2 1.4 1.6 1.8 2 2.2
Nadia Pastrone 6. . /G
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Produzione d
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CMS Preliminary, 43 pb™ (13 TeV)
CMS, 18 pb' (8 TeV)

CMS, 36 pb™' (7 TeV)

CDFRun I

DO Runl

UA2

UA1

«>»O0OmOe@@®0

pp

Theory: NNLO, FEW

0.5 1 2 5
Center-of-n
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Note: fiducial cross-section ratios

L L S E s B B S B

ATLAS Preliminary
13 TeV, 85 pb™
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Ry py- =0l / ol

[ total uncertainty
stat. uncertainty

ABM12LHC
CT10nnlo
NNPDF3.0
MMHT14nnlo68CL

-
1.15

r ol <4 »

1.25

1.2

singoli @ 13 TeV

Note: fiducial cross-section ratios
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ATLAS Preliminary
13 TeV, 85 pb™
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[ total uncertainty
stat. uncertainty
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10.2
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CMS Preliminary 43 pb™ (13 TeV) CMS preliminary 43 pbT (13 TeV)
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| Observation Theory: FEWZ (NNLO) | Observation Theory: FEWZ (NNLO)
Uncertainty Observation: NNPDF3.0 Uncertainty Observation: NNPDF3.0
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1.354°00) = 10.55%5 00 ——H
cT4 cra o
1.35005), A 10.55%5 5 ——
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Also: LHCb 07 (2.0 < n < 4.5) in agreementwith SM (PDFs)



Events/20 GeV

Produzione di di-bosoni @ 13 TeV

> 10°
S AN IPAN SRR R 2
ATLAS Prellmlnary:,Higgs(mH=125Gev)_: % 102
« - 7 E
H— ZZ* - 4l —E 3 l%’
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7 Uncertainty R
E 1
1 10"
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ATLAS Prelimin1ary . Weets

\s=13TeV,3.21b Top quark

WZ Signal Region [ Dibosons
Z+jets

==== HVTm=1.6TeV
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Higgs production processes

Higgs @ 13 TeV

RUN1

ATLAS and CMS Preliminary ——-ATLAS Y
LHC Run 1 ~CMS iggs decay processes
- ATLAS+CMS ATLAS and CMS Preliminary - ATLAS
— —=+1o LHC Run 1
—=+ 20 -~-CMS
w e e
9gF peal - : - ATLAS+CMS
— vy e —=To
u = " —0—
VBF i | :
B uz _,._—-—
Mo B —o—
ww —
o u —
i ue _"'__._
e ) E——
g Lo " ——
O‘Hb.f‘) ‘1‘”“1.5‘”‘2”“2.”“3““,‘3.5‘)“‘4 0“‘0‘15‘“‘;““1}5‘“‘21““l““é“‘é}é“‘4
Parameter value Parameter value
= NVDr—7————7——————7— T T T T _
& ) ATLAS Preliminary — O,y My=125.09 GeV ]
T E . ]
T - A Hoyy 6 H-ZZ*—4l QCD scale uncertainty ]
Q E _'
o 70E 4 comb.data  syst.unc. ™ Tot uncert. (scale ® PDFsa) .
601 -
501 -
40F N
30 =
F ¢ 17
20 =
o 0 4
10 Vs=7TeV, 45fb" ]
o] Vs=8TeV, 20.3fb" E
n Vs=13TeV,3.2fb" .
—10b—L Ll R R B L1
7 8 10 11 12 13

Vs [TeVl

ATLAS
Canale yy: osservata significanza 1.50
attesa 1.90

Canale 4 leptoni: osservata significanza 0.70
attesa 2.80

Compatinbilita combinata con SM 1.30
MANCA analisi WW e altri dati !!!!

6 5.1 107 (7 Tev), 19.7 fo' (8 TeV), 2.8 Ib' (13 TeV)

= R R I I I S R e L
= § CMS Preliminary

,D"': 5:— 4 Data (star. ® sys. unc.) —j

[ = Systemalic uncertainty 7

4 [ Modet dependence =

O *=r** Standard model (m = 125 GeV) ]

3_ ) —

C i i
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3 | ¢ PP —> (H > 4l) +X

(]:r- Foasa ol e skt o aiires 3 WIS I 5 FRS STR S
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Events

Data / Bkg

10° ATLAS Preliminary ¢ Data
{s=13TeV,3.2fb" CJzm
10° Dilepton Search Selection [} Top Quarks
[ Diboson
o (] Multi-Jet & W+J
10° —Z, (3 TeV)
— ALL =20 TeV

10?

300 400 1000 2000 3000
Dielectron Invariant Mass |

200
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Events

Data/MC

Ricerca nel canale di-leptoni @ 13 TeV

ATLAS Preliminary
\s=13TeV, 3.215"

® Data

B Top Quarks

[ Diboson

[ Multi-Jet & W+jets

[ Drell-yantt
Z'2TeV

---- QBHRS2TeV

[ Systematics

} * L A ]
3 P § E
260 300 400 1600 3000 3000 .

me, [GeV]
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Ricerca: getti + massa mancante @ 13 TeV

ag production g— bb+io m(q) >> m(g)

=

m_, [GeV]
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CMS
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pp—>398,9—>qqV i? NLO+NLL exclusion
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95% CL upper limit on cross section [pb]
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& - vV
lop @ 13 TeV ¢ |:
2 10° =
O o
Q) - v
Sezione d’urto inclusiva ttbar {, C .
S B
&) e
= 2
2 10
2]
=
(&)
£

o [pb]

102

10

Tevatron combined 1.96 TeV (L = 8.8 fb')
ATLAS epn 7 TeV (L= 4.6 fb')
CMSeu7TeV(L=5fb")

ATLAS eu 8 TeV (L =20.3 fb')
CMSeu8TeV (L=19.71b")

LHC combined ey 8 TeV (L = 5.3-20.3 fb')
ATLAS eu 13 TeV (L=3.2 fb)
CMS en 13 TeV (L = 43 pb')
ATLAS ee/up 13 TeV (L=85pb)
ATLAS l+jets 13 TeV (L=85pb')
CMS I+jets 13 TeV (L = 42 pb')

=== NNLO+NNLL (pp)

ATLAS+CMS Preliminary Mar 2016

LHCtopWG

L

600

1 1

L1 11111

—

13 l|s [‘TeV]

10 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 —
- m,,, = 172.5 GeV, PDF @ o uncertaintier according to PDF4LHC .
1 l 1 1 pl 1 1 1 1 1 1 1 1 1 I 1 1 1
2 4 6 8 10 12 14

T T T T T T 7 T = \ S TeV

= Single top-quark production 3 [ ]
_ Inclusive cross sections - 4
— . tW (pp or Pﬁ)—:
= . E
B s-channel (pp) i
E s-channel (pp) E
3 E=== NLO+NNLL, PRD 82, 054018 (2010)_§
- NLO+NNLL, PRD 83, 091503 (2011) éIALéA%:t?E %212%%:(320210?3 7
| v Tevatron, arXiv:1503.05027 [hep-ex] 4 § ’ ( ) ]

A ATLAS, PRD 90, 112006 (2014) o ATLAS, JHEP 01, 064 (2016)
= 4+ CMS, JHEP 12, 035 (2012) m  CMS, PRL 112, 231802 (2014) —
= o ATLAS, CONF-2014-007 (prel.) NLO+NNLL, PRD 81, 054028 (2010)
- m CMS, JHEP 06, 090 (2014) v Tevatron, PRL 112, 231803 (2014)
B o ATLAS, CONF-2015-079 (prel.) o ATLAS, PLB 756, 228 (2016) -
B | e CMS, TOP-16-003 (prel.) | | m  CMS, arXiv:1603.02555 [hep-ex] | N
l l l l l l l l l
2 3 4 5 6 7 8 9 10 11 12 13r 14

s [TeV]
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Events / 50 GeV

Data/Pred.

Ricerche BSM @ 13 TeV

Tagli laschi per validare i dati

> T T T T l T T T T I T T T T l T T T T I T T T T l
CMS Prlel/lr‘rini'ry S i 42 pb” (13 TeV, 8 r —&— Data 2015(\s =13 TeV) 7
-e-Data i o10°E ATLAS Preliminary —— SM Total -
500 GeV .t = 3
ETT: 250 GeV Bl W+jets = = FoL=78 pb’ B wiiets 7
N, =1 EQcD 3 ; = Top -
vt ] - . 1
I DY +jets - qc) W zes
_ﬂ 3|||\||||\|||||\||||\|||||||||||||||\1|| LE")ZE_ -Diboson —E
1 8 10°F A7LAS Preliminary ¢ Data 3 F 3
ida F ) Drellyantt ] C CRT selection ]
] - fs=13TeV, 85 pb” [ Di-Boson ] r ]
] . . Top L i
. 2 7 | n | 10 -
E 10 ; — eu selection ) Wiets : E :
oF x L ] C ]
1: > _$_ | * ] 1 E B C .| J
Y . = = 3 u S
: = A _+_ +T ] c ] CE) 2.5 3
400 600 800 1000 1200 C 13 1.2:_ — : I 2 E
L [GeV] ole & 1_+....m,.++_§+ ....... + .......................
: 1 I j | I N | N I Ll 11 I Ll I Ll Ll I Ll Ll I Ll 1 0 500 1 000 1 500 2000 2500
100 200 300 400 500 600 700 800 me"(incl.) [GeV]

M, [GeV]

Top : importante fondo alle ricerche BSM
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Events / 50 GeV

Data/Pred.

Ricerche BSM @ 13 TeV

Tagli laschi per validare i dati
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B mesons as search tool for NP

[JHEP 02 (2016) 104]

Where do we stand with K*upu? T
A sma” recap: O.S}i !SMfromDHMV_:
LHCb has a >30 discrepancy in the Ps’ variable N Sl

(combination of spin amplitudes):
NP or imprecise calculations?

-0.5F

-1
0

T

10 115 I
q* [GeV?%c4]

LHCDb continued to look into close relatives to find any common sign:

* O(KK)up:accessible spin amplitudes ; : B
compatible with SM, dB/dq? a bit low (but it’s S ) mn > ) &
a general trend) | ] 2
B aDm e ==
:Qj (; l l . IJul-l l-‘l(\r\'ldc)—g =)
* TTup: dB/dq? compatible sith SM, just a bit i 7 10eV¥e)

low (but it’s a general trend)

Now waiting for:
« CMS,ATLAS (promised to look into it)
 improved hadronic corrections in SM

dB/dg? (107 GeV2c?)

L. Malgeri - Moriond QCD 2016 - Exp. Summary ¢ (GeV¥c*)



Jeroen van Tilburg

The CKM matrix and more

Long-term effort to overconstrain CKM matrix continues. Huge contributions from LHCb

A precise measurement of y (tree) together with sin(28) (mix) or |V,| (tree), fixes the unitarity triangle.
All other measurements probe these two.

1.5IIII|IIII|IIII0|IIIIIIIIIIII LHCbreported:

I | excluded area has CL > 0.95 |

o |V / V| from A, — puv at 5% precision

1.0 (closer to exclusive B-factory result)

« World’s best single Am4 measurement:
0.5050 + 0.0021+ 0.0010 ps~!
(B-factories: 0,,, = 0.005 ps)

=" 00 i § A i « Precision on sin(2pB) approaches that of
| \ B-factories: 0.73 £ 0.04 +0.02

] * World’s best constraints on CP violation in
i BY) mixing (&g, a5 in agreement with SM
& (DO sees 3.60 deviation)

0.5

-1.0
% sol.w/cos 2§ <0 » Search for CPT violation (difference in mass
EPS 15 1 (excl. atCL>0.95) . .
| i | | | - or width) in B%, system, measurement of
_1.5 | I | | I | I I | | I | I I | I I | i
1.0 05 0.0 0.5 1.0 15 2.0 sidereal phase dependence of CPT
o violating parameter

Moriond EW, Mar 19, 2016 Experimental Summary



Goal: dimezzare errore su y

LHCb is among the major contributors (in the last few years) constraining the parameters, angles and sides, of the
bd-triangle, as evident from the evolution of the global fit (taken here from CKM fitter)

1 -5 LI B | T 1T | T T T T | T T 17T I T T 17T T 17T T T 177 T 1T 11 ‘ T T 7T i$ I T T T T ' T T T T T 17T ‘ T 1T 171 1 T T T 7, I T B BT T 1 T T 11 T 717 L T T\ I T EF LI LI
excluded area has CL > 0.95 % 7l excludsd ares has CL > 0.95 1 "% - excluded area has CL > 0.95 . %'g excluded area haa CL> 0.95 %g n
: ® : % : % b
1.0 : Ame T
0.5 -
Amy A
ey S W EBSS T  W W BA ST e RS T A SN \\“
r =l
-0.5 — / =
r # 7
1.0 — - \ K b
- Y sol.w/cos <0 - i o : ol wicos2B<0 - ' ¥ : sol. wieos 23 < 0 sol. wieos2B<0
r ICHEP 10 E (excl. atCL >0.95) -+ ‘Winter 12 E (exel. atCL > 005) - FPCF 13 (exel. atCL = 0.95) EPS 15 ' {eccl atCL = 0.95) -
_1 5 C | -} | | | 111 | | | | | | | -} E { RS W B | | I | ‘ L1 | TR e | L I | |- d § R W S ‘ | I ] i | | Ll | [y I | 6= e 0 | =) i I | | I I -l | I | 1INy 3 i

-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -0.5 0.0 0.5 1.0 1.5 2.0 -0.5 0.0 0.5 1.0 15 2.0 -0.5 0.0 0.5 1.0 1.5 20

p

The constraint on the angle y was improved significantly, but it is still the less stringent.
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Hadron zoo: XYZ mesons

Topic of Moriond QCD, only this much... ude i ol -
ug @I@ S ‘u
g Yas
. pentaquarks glueballs H-dibaryon diquark-diantiquarks
DO announced new state in m(Bg(—Jnp ¢) T1*) spectrum
which may be a tetra-quark (bsud)[ 1602.07588, Feb 2016] ﬁ J @Q
d !
: o ©m0 5
140 DO Run II, 10.4 &' f C@,*\s Q
- ' o
Ny 120~ my ~ 5568 MeV heptaquarks hybrids g
= f deusons protonium
% 100 } rX ~ 22 MeV molecules
= p(X—B, /B.) ~ 5-12% . |
o 8o icture from Stephen Lars Olsen, La Thuile 2016
Al : ........................................................................................................................................................................
;\3 60 [/ ...l
Q ¢
= 40:* _+_
20 :, _+_ %’ 400 E_LHCb Preliminary - Claimed X(5568) state _E
7\H\HH\HH\HH\HH\HH\HH\‘H—+— ‘E_ E \:ICombinatorial E
%5 555 56 565 57 575 58 58 59 = 250 -
m (B% m*) [GeV/c?] o F
® 200—
] C
T -
. . & 150—
Prompt cross-check by LHCDb did not confirm S E
the observation in 20 times larger B, sample. 190F
Upper limit on p ~ 1%, but this may depend on beam/energy/ 50—
analysis. NO public material yet, but more informa- ok
tion expected this week. S 3k
a o
4
5520 5540 5560 5580 5600 5620 5640 5660 5680 5700

Other experiments are also looking

Jeroen van Tilburg

non-qq & non-qqq color-singlet combinations

m(B) [MeV/c?]

Moriond EW, Mar 19, 2016 Experimental Summary



LHCb as fixed-target experiment: SMOG

SMOG allows to inject gas in the beam-

pipe close to the VELO region.

Scientific motivation:

® Sensitive probes of nuclear

structure

® (Cross-section measurement of
pHe — pX, dominant systematic
uncertainty in dark matter
searches with antimatter in

cosmic rays.
Vs [GeV] Date
pNe 110.4 Aug. 25/26
pHe 110.4 Sept. 8
pAr 110.4 Oct. 15-18

SMOG: System for Measuring
the Overlap with Gas

Flow to VELO

Pirani gauge

“pump” valve

Evacuate and
leak detector

“fill” valve

PV5s01

High pressure
Piezo gauge

High pressure

* ass” valve
byp volume

FV502

-

“HP* valve

Acquisition time

To high pressure
MNeon bottle

13 h
8 h

29h



IP2 & oo ATLAS - IP8
INTERACTION REGION TAN
LHCf
D1 dipole —SNE | --U L =
(absorber for neutrals) nagnet . S M&}? a—
? G 140 m
S L N
Arml IP1 Arm2
Double-tower calorimeter Double-tower calorimeter
* Possibility to study particles in the forward direction at LHC (neutrals: vy, 7%, n)
— Forward secondary particles carry a great fraction of the primary energy
* 6.5TeV +6.5TeVin the LHC frame - ~10' eV in the laboratory frame (LAB)
* Calibration of hadronic interaction models used for the simulation of
atmospheric showers
;‘ LIL 1 I LIL LIL I LIL LIL I 1 LIL 1 I 1 LIL 1 I LIL T _] ; : LIL 1 I LIL LIL I 1 1 LIL I 1 LIL 1 I LIL 1 1 I LIL T _]
&5 105 LHCf Prehmmary 5 050 LHCf Prehmmary
'L"j“ p-p, Vs= 13 TeV g 'L"j“ o p-p, Vs= 13 TeV g
o Photon 1 © . Photon ]
Z 10°° = n>10.94, Ap=180"g = 10‘6_5 8.81<n<8.99, Ap=20"5
Z 107 4 Z 107 -
E 4 Data(Am?) - E 4 Data(Am1) |_._.—| ]
1078 E ¢ Data(Arm2) —0— = 1078 E ¢ Data(Arm2) ° E
= EPOS-LHC - E __ EPOS-LHC EZ‘ 3
_g[ —— QGSJET 1I-04 T _g[ —— QGSJET II-04 T T
10 E __ pPMUET 3.06 ——= 107 E ___ pPMJET 3.06
E — SIBYLL 2.1 ] E — SIBYLL2.1
-10 PYTHIA 8.212 -10 PYTHIA 8.212
10 EI 1 1 I 11 11 I 11 11 I 1 11 1 I 1 11 1 I 11 1 IE 10 EI 1 1 I 11 11 I 1 1 11 I 1 11 1 I 11 1 1 |_‘
1000 2000 3000 4000 5000 6000 1000 2000 3000 4000 5000 6000
Energy [GeV] Energy [GeV]

Error bars show only the statistical errors. 27



CMS-TOTEM @13 TeV (B* = 90 m)

v Independent DAQ
Level 1 Trigger exchange Offline merging

Totem LV1 Rate ~ 50kHz - recorded
~ 3. 10° events collected!

CMS HLT Rate ~ 10kHz - recorded
Elastic >10° (Totem standalone)
Low Mass DPE ~100 - 10° events (Totem-CMS)

Merged and analysis ongoing.

Merging ongoing

SN NN

Merging ongoing

Totem 3*=2500m run speciale 2016

Measure elastic scattering in
Nuclear-Coulomb interference
region at 13TeV

v" Search for 3 gluon Jre=1— state

v Already in the 8 TeV data we
observed ~2-3 o effect

* Non exponential behavior
at low |t|

* Lower p value at higher
energy.

IFAE2016 — Genova - 30 Marzo 2016

Double arm Top-Top, Bottom-Bottom trigger ~200 - 106 events, missing mass searches.

Dijets pT~ 20 GeV — pT ~ 32 GeV, DiMuon, SingleMu & HF gap ~ 40 - 10° events

p 0.25 T T T T LI ll T T T T L ‘ T T T T LI |. :
0.2 =
0.15 =
0.1 E
Y= 11 SSRGS —v— pp (PDG)
—4—pp (PDG)
_0.05 .................................. COMPETE prcfcrer modcl (pp)
-0.1 “|—O— TOTEM indirect at v/s = 7 TeV
~0.15 : .| —@— this report, /s = 8 TeV
1 1 1 1.1 li 1 1 1 L1 11 ll 1 1 1 1 1.1 ll :
-0.2
10! 102 103 104
Vs [GeV]

Nadia Pastrone INFN Torino
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T
al

esclusivo

beam

CMS-TOTEM

(CT-PPS)

CT-PPS next to
beam-line at ~200m from IP

Precision Proton Spectrometer

r @

inelastico CT-PPS next to
— Si Strip Trigger da TOTEM a CMS beam-line at ~200m from IP
— Timing con diamanti in preparazione . 10 PP~ PEWW®P, 2=204m@215m
% 00 simulatidn —d=150
Possibile candidato yy a 750 GeV puo essere § CMS-TGTEM — d=200
prodotto in modo esclusivo e visto in CT-PPS g %
—  Fichet, von Gersdorff, Royon (arXiv:1601.01712, arXiv: g 70
1512.05751) -
—  Csaki, Hubisz, Terning (arXiv:1512.05776, arXiv:1601.00638)
— Harland-Lang, Khoze, Ryskin (arXiv:1601.07187) 50
40
. e _ . 30 .
Progggjmtma Id|.ﬁ5|ca a CT-PPS: - 2014 low p Optics
— di-Jet esclusivo
— Coupling quartico anomalo 10 (CT PPS TDR)

IFAE2016 — Genova - 30 Marzo 2016

accettanza massa pp

in funzione distanza pot-fascio®®

Nadia Pastrone INFN Torino

|
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1000 1500 2000

M, (GeV)
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First things first: the 750 GeV bump

Changes presented in the last two weeks g W e tr e
% 3:_ ------ Expected CL, limit V\s=13TeV, 3.2 o™ i
xg 10 § [ Expected = 10 Iy/my=1% E
ATLAS: é 102; [ JExpected+20 Spin-0 selection :
. . g = 3
* new analyses (separate for spin-0,spin-2) 5 ol :
* new calibration (from final 2012) = 3
e combination with Runl 50
: 107566466 500800 1000 1200 1400 600 1800
CMS my [GeV]
* re-reco with new calibrations (10% sensitivity _  cus pomiay  sanrsrensssrnrorn
increase) = Do
* spin2 and spin0 hypotheses tested (same @ oF - 2a
. é 8 } —— Observed limit
analysis) : combined limits for
e Added 25% statistics from BField-off S 8+13TeV
O 4
spin 0 spin 0 spin2 spin 2 7 2_ e
Local global Local Global O ‘“‘)3 1 3e10°
) mg (GeV)
2:'_?_:‘, onyy 3:90 2.00 3.60 1.80 The Gold Rush: [INSPIRES][list]
- width 6% Date | papers
16 Dec 10
CMs
ey | ek 1.60 ~3.40 ~1.50 25 Dec | 101
narrow width i ;ag ;:13;
e
L. Malgeri - Moriond QCD 2016 - Exp. Summary i I\A/\Iar 223
pr 7




Conclusioni

ATLAS e CMS hanno gia pubblicato > 1000 lavori, LHCb > 300 lavori...
La maggior parte delle misure finora sono in accordo con il Modello Standard ....
. Si e appena aperto pero un nuovo territorio di esplorazione

Finalmente LHC si avvicina ai parametri di disegno in energia e luminosita

Il Run2 e appena cominciato ....
da 4 fbl nel 2015 si vogliono accumulare 100 fb* per fine 2018

LHC in fase di messa a punto, sara’ pronto tra circa 4 settimane

Anche gli esperimenti si preparano con cosmici, i primi splashes...

Grande attivita per migliorare gli apparati con i nuovi componenti di Fasel e
stesura TDR-Fase2 per HL-LHC

Si comincia a discutere in vista della European Strategy per il 2019

Periodo straordinario, di sfide tecnologiche, di intenso lavoro, di sforzi finanziari
e umani... di grandissime aspettative!
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2015 operation

N
iz
| ::I
April 3, . e e U e =
End of powering October 28,
tests — 150 August 7 Record no. bunches
quenches Operation, with 25 ns beam
April 10 2244,

First beam at

Nov ] Des

s l June 3,
Easter, Start of physics 1 Nov-Dec,
Beam circulating operation for run 2 = Pbion run
-Jr X { ‘ ) A
3=, ' September 16,
‘ Chili 8.3M earthquake plm—c=t=
shakes LHC rings it o
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2. most of the uncertainties in searches
for NP are related to precise
determination of SM/QCD parameters:
* s, PDFs, gluon content, MPL,V+jets

distributions, single and di-boson

productions,....

Q)

v Tdecays (N>LO)
a DIS jets (NLO)
0 Heavy Quarkonia (NLO)
03| soft parton FFs o ot jets & shapes (res. NNLO)
(NNLO") ® c.w. precision fits (NNLO)

, v pp—> jets (NLO)

\NF” Y decays v pp—> tt (N\NLO)
02l (NLON{NLO)

P

hard ™

A .. W decays (NNLO)
parton ( Ry s

S DR T .. pp- jets (NLO)
.A v:"v' [

3 decay factor October 2015

o FFs (NLO) (e
= QCD 0g(M,) = 0.1181  0.0013 "= =~=-mortt
1 10 100 1000
Q [GeV]

For details on &ts see Thomas’ summary



LHCb

BABAR, Belle and LHCb observed
excesses (>30) of B— D(*)TV relative
to B—= D(*)UV and B—>D(*)eV.

I'(B — X70)
(B — X(e/p)v)

R(X) =

R(D¥)

05 L e
[ —— BaBar, PRL109,101802(2012) AX2 =10 A
0.45 | —— Belle, arXiv:1507.03233 .
N LHCb, arXiv:1506.08614 ]
N = Average 3
04 -
035 — -
03 = =
0.25 — el
SM prediction P(y?) = 55%
0 . 1 1 L 1 I 1 L 1 1 I L 1 1 L I 1 1 1 1
%.2 03 04 0.5 0.6

R(D)
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William James Barter

Inclusive W and Z production

Very rich physics: strong PDF dependence, probes for QCD, precision electroweak physics

ATLAS, CMS & LHCDb studied single gauge boson production at Leptonic decays of Z& W are

7,8,13TeV, LHCb covers complementary phase spacein x, Q2 also standard candies to verify
and calibrate e/p performance

+ 13 TeV W/Z cross section o e o e el S e
meaSUI’emeﬂtS (—> rlg ht p|OtS) ATLAS Preliminary ATLAS Preliminary
13 TeV, 85 pb’’ 13 TeV, 85 pb”
« pi(Z) @8TeV from ATLAS R =18/ off - Rz =0/ of
ShOWS resummation needed [ total uncertainty [ total uncertainty
. stat. uncertainty stat. uncertainty
at |OW pT to descrlbe data’ A ABMi2LHC A ABM12LHC
NNLO below data at high py = NNPDF30 = NNPDF3.0
® MMHT14nnlo68CL ® MMHT14nnlo68CL
PR R B Ll P R AR BRI EURRTE A
° 1.15 1.2 1.25 1.35 9 92 94 96 9.8 10 10.2 104 10.6 10.8
Charge asymmetry results o/ ol 0 10
by CMS and LHCb rather W we e
We ” p red ICted by theory C'MSI Pre'hmln'ary ' | ' | ' 43' pb ' (13'TeVI) C'MS 'Prellnlunary' ' ' ' | ' ' '43 pb' (13ITeV)
| Observation Theory: FEWZ (NNLO) | Observation Theory: FEWZ (NNLO)
. . . [ Uncertainty Observation: NNPDF3.0 [ Uncertainty Observation: NNPDF3.0
* [HCb high-rapidity cross
. . . NNPDESS NNPDES)
sections well predicted with ! %5omz 10500
cT14 cT14
NNLO and PDFs
s s
« 8TeVZ— pypangular Aﬁ'g;g}ogg » At;gggﬁc
analysis by CMS, sensitive — -
. . 1.353") s 1061 g
O O arlsa |On aﬂ eca (inner ungertainty: PDF only) (inner uncertainty: PDF only)
Stl’UCtU re 1.25 . 1.35 GWJEI.%F) 10.0 Og?lil/-gtot

Also: LHCb 07 (2.0 < n < 4.5) in agreementwith SM (PDFs)

Moriond EW, Mar 19, 2016 Experimental Summary




Tiesheng Dai

Diboson production

Highly important sector of LHC physics, intimately related to electroweak symmetry breaking

ATLAS & CMS studied diboson production at 7, 8, 13 TeV. Detailed inclusive, fiducial and differential
cross-section analyses at 8 TeV. First 13 TeV results. Theoretical predictions at NNLO needed to match data.

« ZZ@13TeV measured by ATLAS & E:EL ARRA AR ARRY /" 5 'F in g
CMS, WZ by CMS: all agree with SM S | edapovannt 3 3 [ foaramont | %
B 5 el B waos evee 1"
« WW @ 8 TeV cross-sections agree 4o ELMMWT;TE zf = ]
with SM NNLO + p;resummation :_ o "7 g abs
- WZ @8 TeV by ATLAS shows x =P -y
deviations from SM (NLO only) 0 . .48 B B
Mass of lour-leplor system m, [GeV] 2\\
« Zy@8TeVbyATLAS & CMS, R—— 1L
matched by NNLO SM predictions g 0 i s
+ VBS: evidence in W¥W*qqg channel, 5 m :

oo b b b b By
0 50 100 150 200 250 OO
pZ [GeV]

new 8 TeV results on (W/Z)yaq (CMS), t
and WZqq (ATLAS), no observation yet )

* Tri-boson process Wyy & Zyy observed Each of these

; V3 e X o —— .
by CMS, evidence for Wyy by ATLAS s ul__;,i;.z;.;;.;..T_ﬁi.,l_;;,_}_ﬁ:?.fﬁf_;;;;f_j;ﬁ;ﬁ measurements in
L 1 1 4 .
RS TRORREE P rsiGen) an experimental

 Large set of anomalous coupling limits
J Ring tourde force

Moriond EW, Mar 19, 2016 Experimental Summary




Top mass

imi H s = Std. h. == Endpoint
CMS preliminary projection — o oo

° ° o o —JIp — Ly
improving precision ¢ 4————————
Q B 13 TeV 14 Tev 14TeV 7
¢ 3.5 E
e avoid double counting systematics ';' - -
e re-calibrate in-situ (JES, ...) c 3¢ E
* minimize uncertainties by selecting g o 5E 4
(weighting) carefully the data 8
c 2r E
- B 2
g1.5F =
2 5
CMS, arXiv:1509.04044 T 1 3 E
- E -
L 0.5F 3
500 MeV 03 :

just crossed
I 1 l 1 L | 1 1 1 1 1 L l | 1 1 | l L 1 I
165 170 175 180
m, [GeV]
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Studies for the Muon ldentification for the LHCb Upgrade

Exploring Machine Learning algorithms also in the reconstruction, already at trigger level,
combining in fast multivariate classifiers low-level detector quantities.

For example, a Boosted Decision Tree was developed for the muon identification combining

® discrepancy between measured hits and extrapolated tracks (variable already used in current algorithms)
® number of extrapolated tracks consistent with the hits relevant to the muon identification (isolation)

® TDC of the electronic channels recording the hits (reject electronic noise)

Results relative to muon preselection

Algorithm designed to cope with the high-occupancy of =10 R3
the upgraded LHCb detector. 110 8 :_ p < 10 GeV/c a2l
wUT ~ current
Under evaluation for Run2! 061 LHCb preliminary
0.4
For details, refer to the LHCb Posters in the Students’ 0.2 :— wmmmwm%
Poster Session. 0 L Upgrade Conditions %’““’%m.%
P vl v IRl B i il i i s v i W ol i It B
0.9 0.92 0.94 0.96 0.98 1

Efficiency on muons

v



Standard Model Production Cross Section Measurements

10*

103

102

10!

1071

1072

1073

Status: Nov 2015

80 ub

—O~ total (x2) o
ATLA
0 inelastic S Prellmlnary Theory
20 ub™!
- Run12 +5=7,8,13TeV LHC pp Vs =7 TeV
0.1<pr<2TeV
: =O= BBl Data 45-49fo! E
i 0.3<mj;<5TeV 7
E O LHC pp Vs =8 TeV E
X AN Data 203fb! ]
E n; =0 e 3
: 3 ob ! LHC pp +5 = 13 TeV E
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