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Outline

» Outline:

» LHC status
» The experimental challenge

» Higgs physics

» Standard Model (briefly)
» SUSY & Dark Matter

» Flavour (super-briefly)

» LHC upgrades

» The future

» Executive summary:
» The Higgs is still there, but no signs of new physics yet...

v

... though a few developing hints, and some new places to look
... but only 3% of the final dataset collected!
Life is hard for experimentalists, and getting harder

v

v

v

Lots of new ideas in play — keep thinking!
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Current LHC Status: OFF
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Operational Challenges in 2017
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» Snow at 16L2: “flakes’ of
frozen magnetic N, O» T —
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Physics Challenges at the LHC

» Some generalisations about LHC physics

» The ‘energy frontier’: CMS and ATLAS

» Physics is “dirty’, deal with inclusive channels

» Often, events are not even fully reconstructed (MET...)

» Most things are invisible beneath huge QCD background
» Both correlated (light quark jets swamp everything) and uncorrelated (pile-up)

» Statistics is everything, since detector systematics are “irreducible’
» All systematics estimates and controls need to be data-driven

» As event sample grows, find rarer-but-cleaner ways to access physics

» The “precision frontier’: LHCb
» Physics is “clean’, usually deal with exclusive channels
» Flavour ID is possible, everything is (mostly) reconstructed
» QCD is your friend (b cross-section) and your enemy (QCD pollution)
» Statistics are sacrificed for experimental precision
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Pile-Up
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Q: How Long Does an LHC Analysis Take!?

» “Far too long; years and years” — A. Theorist

Pipeline buffer HLT
» A: About Tus e o S

X

Event
builder

» All events for offline analysis %
must pass the trigger

Detector
output reduced pass / fail

» How the trigger works: ot . GO

First level trigger Permanent
store

» Can’t use tracking data
» Reduce calo / muon data in spatial and E or p resolution

» Stir for no more than ~us in real time (data is waiting on detector)

» Allow ~100kHz - IMHz of crossings to pass, data is read out

» Then throw away most of the rest in HLT: rate to storage: O(100Hz)

» What you can’t have

» Anything needing tracks: displaced vertex, flavour tag, etc
» Vertex association; electron/photon ID; invariant mass; complex event shape vars

» Triggering is the #1 problem at LHC, and getting harder

» Though there are new ideas; more on this later

: IPPP Annual Meeting, 20th Dec 2017 DaveNewbold@cernch @ ;oo B Lo



The Challenge of Presentation

» Experimentalists” problems

» Models are often complex with large-dimensional
parameter space (classic example: SUSY)

» Experiments integrate over phase space, badly
» Phenomenology can wildly from point to point
» What do we actually measure? Depends who you ask!

» Presentation of results
» Back in 2012 it was easy (“five sigma”, mass limits, etc)

» More difficult now to report progress without
being misinterpreted / misunderstood

» What does a ‘two sigma observation” mean anyway?
» When to publish and when not to?

» Theorists” problems

» What the hell do all these plots actually mean?
» Insufficient information to allow proper interpretation

» Hard to see the big picture in a sea of information / opinion
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Showall = Total Exotica Standard Model = Supersymmetry  Higgs = Top

Heavylon | BPhysics | Forward Physics | Beyond 2 Generations | Detecior Pe
685 collider data papers submitted as of 2017-11-24
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The Anatomy of a Plot
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» ‘Brazil” plots giving way to more complex beasts...

» Note that the points on these plots are all correlated

v

When people talk about ‘global” significance, they are talking about within that analysis

v

Many analyses ‘interpret’ the same events — and background estimates are correlated!

v

Combination between experiments is a subtle art

v

“If your result needs a statistician, you should design a better experiment” — Rutherford
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» It's still there... so what is it?

» Detailed measurements of couplings (and more) will tell us

» Thanks to Paris Sphicas for beautiful summary slides...
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3rd Generation Fermions
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Top

Coupling to the top quark (special: y=1)

H-t coupling:
ttH production
elusive
(~1% of ggH)
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Main channels:
H—bb & H—=WW/:
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Most recently:
update (ATLAS)
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2nd Generation Fermions

H—uu within LHC reach;
now only a question of when
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H—c coupling: H—cc (jets)
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Exploiting Increasing Stats
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» Exclusive VBF production now in play

» Future potential for H width measurement

» ‘Gaps’ in low mass Higgs search fill up

» Mainly due to trigger algorithm improvements

70 75 80 85 90 95 100 105 110
m, (GeV)

6 IPPP Annual Meeting, 20th Dec 2017 DaveNewbold@cernch @ ;oo B Lo



Standard Model Production Cross Section Measurements

Status: July 2017
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Standard Model ‘Precision’ Measurements

So what next?
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For decades physicists have been working on
a beautiful theory that has promised to lead to
a deeper understanding of the quantum world.
Now they stand at a erossroads: prove it right in
the next year or confront an epochal paradigm shift

By Joss /lr';' /'A'."": fen and Maria Ny I:','-‘,'i/.‘l

Supersymmetry

Crisis
mn
SICS

Published 2014...

» SUSY was meant to be easy... what happened?

University of
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A Lesson from History
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ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
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May 2017 Vi=7,8,13TeV
Model ey Jets ET™ [rdqm™) Mass limit Vi=7,8Tev [ Yis13TeV Reference
MSUGRAICMSSM 0-3epl-27 2-10jet3b Yos 203 185ToV  mi-m(d) 1507.05525
3. §-ot] 0 26s  Yes 361 mit})<200 GV, m{1* gea. Perm(z™ pon. 3| ATLAS CONF. 2017022
a.e-od monojet  1-3jets  Yes 32 G5 GeV 160407773
73 1 0 26jets  Yes 361 mET) <200 GeV ATLAS CONF-2017022
B, Boot; —paW i] 0 2685 Yes 36 i) <200 Ga, me Ju0 SOl oot ATLAS CONF-2017022
R0, ettt Bep  4ps - 360 i) <400 GeV ATLAS CONF- 2017030
- 0 TA1jes Yes 361 qé)«wew ATLAS CONF- 2017433
GMS8 (¢ NLSP) 1.27+01¢ 0-2jets  Yes 32 160705979
GGM (bino NLSP) 2y . Yes 32 c*(NLSP)<0.1mm 1606 09150
GGM (higgsino bino NLSP) Y 15 Yes 203 (7 )<950 GV, cr{NLEP)<0.1 men, e 1507 05430
GGM (higgsino bino NLSP) Y 2Wts  Yes 133 ol >680 GV, cr(NLSP)<0.1 mem, 50 ATLAS CONF-2016056
GGM (higgsino NLSP) 2ep(Z) 2@s  Yos 203 NLSP)>430 GaV 150303290
Gegvitino LSP 0 monoet  Yes 203 (0> 1.8 107 oV, mib)venig)=1 STaV 150201518
B8, : 0 3k Yes 381 ATLAS-CONF-201 7021
20, p—erit) 0l e 3% Yes 361 ATLAS-CONF-201 7021
R, BBt 01 ep 3 Yes 200 |k 14070600
w e Biby, by -nE] 0 26 Yes 361 ATLAS CONF. 2017038
=38 Buby. by otk 2ep(SS) 16 Yes 361 -d’)dnaw mE] Je mET)4 100 GaV ATLAS CONF-2017-000
i Tyl By -eb} 02ep 126 Yes 47133 MGET) = 2e(E). )o55 GeV 1209.2102, ATLAS-CONF 2016077
KB iy, i Wi or ] D2ep 0-2j04/1-25 Yos 20.336.1 i1 Gav 1506.08616, ATLAS-CONF-2017-020
LT o ] monojet  Yes 32 i e(E})=5 GeV 160407773
&Y i (natual GMSB) 2eu(2) 16 Yes 203 150-600 GV 11>150 GeV re035222
B8 hhbheh+Z Jeuld) 16 Yes 361 . 2W0-T0GeV mET )0 Gev ATLAS-CONF-2017-019
ffy fy—iy + & 12ep 4b Yes 381 i )-0GeV ATLAS CONF-2017-019
dxlix, I-od’ 2ep 0 Yes 361 i) ATLAS CONF-2017039
Fo o 2ep 0 Yes 361 it)=0, o2, 10 St o ATLAS CONF-2017439
0l li‘.ﬂu-mm.i'-mm 2t : Yes 361 dﬁ-o.qv.n-om»-(ﬁ» ATLAS CONF- 20174035
FB ol v 3w, 50, ) Sew 0 Yes 361 i ), miEE1-0, i, P AT oo ATLAS CONF- 2017039
ﬁ‘ 23eu  O2jets  Yes 361 T pen(iD), m(iT)~0, 7 decoupled ATLAS - CONF-2017-039
i‘-.n*u‘ h—sbb WW/rT/yy oy 0256 Yes 203 G puen(iT), onT)00, 7 cocpied 150107110
i‘ dep 0 Yes 203 o), (D10, il 990 Sl el 14055085
Gsummmm G tepsy Yos 203 cr<tmm 1507.05433
mmmumﬁd 2y Yes 203 creimm 150705443
Direct £]%] prod., long-dved £ D=app trk  Tjet Yes 361 o] ) o] )~ 160 MeV, (i )n0.2 s ATLAS-CONF-2017-0V7
Direct £1£] prod., long-ved £} dEdx trk - Yes 184 i o) 160 MV, (k] <15 ne 1506 05332
Stable, stopped # R-hadeon 0 15 s Yes 279 i1 )=100 GaV, 10 p<ri)<1000 3 13106584
Statie ¢ R-hadron wk . . 32 1606.05129
Metastabie § R-hadron /X vk . . 32 mGi})=100 GeV, r>10 ns 160404520
GMSB, stable 7, £ 37, @) 1(e, 1) 124 . ETY 37 10<tang<50 14116795
Iy, long-ved £ 2y - Yes 203 440 GeV Ter(il)<d e, SPSS mocel 1408 3542
20 X\ —seev)eyvipgry despl. cefep/py - 203 10TeV 7 <eri b 740 mem, mig)et 3 ToV 150405162
GGM &3, 1) 26 dspl. ViK + jots 203 6 <ev(k’ < 480 men, mig)=1.1 TV 1504 05162
LFV pp—+¥; + X, Pp—vep/et/ur QeTur . . 32 £, 7001, Lynsinane0.07 1607 08079
“N’VOMSSM 2e.p(8S) 0»36 Yes 203 m=m), crpgp<t mm 1404 2500
i;i. o, e p—— dep Yes 133 54000V, 2,5 #0 (& = 1,2) ATLAS CONF-2016075
xx, t.-'lvi‘ TV 1Yy Sepsr - Yos 203 mii])>0. 2amiE]), 41 #0 1405.5085
B8, ko 0 450K jets - 148 ATLAS CONF- 2016057
B Fogqt) K] = o 0 4SlrgeRjets - 148 mE})=800 GeV ATLAS CONF- 2016057
B8, B—rit], K] — 909 Teu 8-10jets04b - 36.1 mE )= 1 TV, 21200 ATLAS-CONF-2017-013
28, gl by b fep B10jts04h - B o) 1 TeV, 2y 20 ATLAS-CONF-2017013
fify, iy —=bs 0 2s+2h - 154 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fafy, iy st 2ep 24 - 36.1 BAG, —obe/p}>20% ATLAS CONF-2017436
Scalar charm, &-sc] 0 2¢  Yes 203 mGi?) <200 Gev 1501.01325
a selection of the available mass limits on new slates or =
mmem is shown. Many of the kimits are based on 10! Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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Corners and Cracks

» Possible ways forward:
» Wait and see; perhaps with ‘more advanced’ reconstruction techniques
» New signatures: long-lived particles; boosted final states
» Hard-to-see places: compressed spectra; R-parity violating SUSY

» Electroweak-produced SUSY

» Theory input surely needed here, more than anywhere

CMS preli 35 9 fb 13 TeV -1
> 22 4" T !Tr? I\,nlln\a,;y FTTT e | ( | 4:] — 1 0_1 - |C|MIS| Ergllm,na(y T I | I I 3|5‘-9I ftl) I (d‘ 3| -rle\lll
8 oo [Jacp [P other DSlngIe t .W+Jets = .8_ - SN PP 3 F-qan Lo HD T
9 18;_ .Z+JetS Dtt + Data _; IE' B N\ My — Mo = 50GeV, mi0 =1GeV
~ 16— ~ o~ — 0 ~0 o4 O .
*06)14:_ pp_>gg7g_>qqx X _>HX _: '(_'?) ENLO+NLL+Gm ory
0 ., m.=1800GeV | @ 1072~ i
— ] (7)) C _
L - - - C ]
105 Xz = 1750 GeV = Uw) - 5
8F - 9 i e 1
62 - O
45 B 10°%°= TR
2 = - 95% CL Upper Limit BR(}— H 7' ) = 100%
A = - ——— Observed
&) = . T amaaa- Expected + G, N
> 2:_ + B | 95% CLUpperleltBR(x—>Hx ) =50%, BR(X—>ZX )=50% |
~ - o Observed
®© 1-}%}% ----------------- % ----------- } --------------------- -5 1074 - Expected * o, =
g ot ! i } ¢ =3 - & | | | | L]
60 80 100 120 140 160 180 200 2[2(%62\‘}‘]) 800 1000 1200 1400 1600 1 800 2000 2200

M, [GeV]
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displaced
dilepton

~ Longlived Particles

B BSM
M lepton

B quark
" photon

B anything

displaced
lepton

----- neutral
— Charged HSCP
- any charge
disappearing S '
track 9/ K
4,7
> T { /
L
\ N

displaced
dijet

displaced

vertex

IPPP An

displaced
conversion

displaced
photon

Not pictured:

stopped particles

» Generic phenomenology for small couplings, small Am

» Constraints on LLIP parameter space from cosmology

° Semrn & Sechesingy faobnas ot ‘s‘—
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Long-Lived Particles

CMS long-lived particle searches, lifetime exclusions at 95% CL

RPV SUSY, T — bl, m(t) = 420 GeV
8 TeV, 19.7 fb" (displaced leptons)

s B About 16 order of magnitude
H — XX (10%), X — ee, m(H) = 125 GeV, m(X) = 20 GeV in lifetime covered
8 TeV, 19.6 fb” (displaced leptons) _

H — XX (10%), X — uw, m(H) = 125 GeV, m(X) = 20 GeV.
8 TeV, 20.5 fb" (displaced leptons)

GMSB SPS8, i? -G T, m(i?) =250 GeV -
8 TeV, 19.7 fb™" (disp. photon conv.)
GMSB SPS8, i:) -G v, m(i?) =250 GeV -
8 TeV, 19.1 fb™ (disp. photon timing)
RPV SUSY, m(g) = 1000 GeV, m(gj’) =150 GeV .
8 TeV, 18.5fb" (displaced dijets)

RPV SUSY, m(g) = 1000 GeV, m(gf) =500 GeV .
8 TeV, 18.5fb" (displaced dijets)

e o H N
8 TeV, 19.5fb" (disappearing tracks)
8 TeV, 18.6 fb" (stopped particle)

AMSB 5'(: tan(p) =5, u>0, m(i?) =800 GeV

8 TeV, 18.8 fb™" (tracker + TOF) 0(
AMSB gj, tan() =5, u >0, m(ij) =200 GeV (';{.
8TeV, 18.81b" (tracker + TOF) (’b
10 10 1 102 10* 10° 10° 10'"° 102
Displaced decays stopped or stable ct [m]

» For an up-to-date summary of all results -> SUSY17

25 IPPP Annual Meeting, 20th Dec 2017 Dave.Newbold@cern.ch e ooy rorrirer NONY g‘é H'lnl\lké"R;'L



A Different Perspective: Generic DM

<€

O

- Typically parameterized by 5 parameters: SM M

Annihilation

Direct Detection

O

M

Collider

- mass of DM particle, m,,
* mass and width of mediator particle,

Mmeds I'med
- coupling of mediator to SM sector, g,

 coupling of mediator to DM sector, g,

o
I ©
o
prd

q Equilibrium curve

<ov>=10?% cm3/s

e-11 - Abundance
Qpuh?x1/<ov>

<ov>=1026cm3/s

<ov>=10%cmi/s

Comoving Number Density

- A/A-V:g,=0.25,9,=1
« S/P-S: gq=1,gx=1 1 10 100 1000

m, /T (—time)

» Parameterise DM (i.e. WIMP) production via simplified models

» Allows comparison with direct detection /cosmology

» Thanks to Henning Flaecher for beautiful summary slides
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Mono-Z | ¢ Mono-photon - Mono-jet

i z Mono-Higgs
Z/'y' q /’ h q //h
X O X
A .
X q X q <X
7—' ?7
Mono-top
X u; % d; X
u —
X
u " S __
d t " t
4% . d;

» Trigger on ‘ISR’ system recoiling against DM system
» Complements searches in full UV-complete models, e.g. SUSY

— F— A8 University of
27 ° Rutherford Appleton Laboratory E BRISTOL



Monomania

> 107 L L B L A L L L L R R
8 ATLAS ) ® Data 2015+2016
g 108 p #4444 Standard Model
@ Vs =13TeV, 36.1 fb BB Z(o vv) + jets
S 10° Signal Region B W(— Iv) + jets
Lﬁ P, (j1)>250 GeV, Emlss>250 GeV D Z( 1l + jets
104 B i - single top
I Diboson
10° multijets + ncb
----- m(b, %)°) = (500, 495) GeV
102 (m,,» M,,.,)= (400, 1000) GeV
ADD, n=4, M_=6400 GeV
10— [ e
e T
10_1 IIIIIIIIIIIIIIIIIIIIIIII
(% 1.2 B ||:| Stat + Syst Uncertamtles ______ l _______________ o +I ______________ - +_:
S S EPSREP Y S S— e _____ 2 S + .................
© e
a N
0.8 bt e e e e EXPERIMENT
300 400 500 600 700 800 900 1000 1100 1200
E?'ss [GeV]
q g X
9q 9x
med
q X
;un: 302393
Event: 738941529
2016-06-20 07:26:47 CEST
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rpretation

Vector

> S
8 1 000 | ATLAS Expected limit+ 2 6, 8 1000~ ATLAS Expected lmit£ 26, B
r -1 Expected limit (+ 1o - 1
=, \s=13TeV, 36.1 fb N e ( erg)F . =, \s = 13 TeV, 36.1 1 B vpecteimi (¢ 1a,,)
=R L Axial-Vector Mediator T Observed limit (£ 1oy, ™) EX - Vector Mediator
E Dirac Fermion DM ——— Perturbativity Limit Dirac Fermion DM ——— Observed limit (+ 15;2:;“'5)
- g,=025g =10 —— Relic Density (MadDM) 8 ~ 9,=0259,=10 . 4DV
X % imi a
| 95%CL limits ——— ATLAS\s=13TeV,32f" | 95% CL limits
= N i
27
5001~ & - 500
O Z f 1 1 1 | 1 1 1 1 1 l
m, [GeV]
A

Scalar

35.9 fb' (13 TeV)

—_
o

6IlIIIIIIIIlllllllllllllllllll 400_""|""|""|""|""|""_ -
o0 CMS Preliminary - CMS Preliminary . E:
§ 5| Scalar med, DiracDM,m  =1GeVg =1,g =1 350 - Pseudoscalar med, Dirac DM, g =1,g, =1 - ;:
v B C ] )

% i — Observed 95% CL 300 - --. Median expected 95% CL y _g
C 4[ 777" Median expected 95% CL - - - - 68% expected az’
S C I 652% expected ; 250 —— opserved 5% CL ] §
g C 95% expected 8 [ ——— Observed = theory unc. o
= 3r w=1 '_2‘200—_ [ aoxt=012 1
5 :
e [ € 150}
-] ol C
= T g
(@) i 100
X C C
o T y 50 f///
()] L ] N

0 i 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 ] : 1 0_1

0 100 200 300 400 500 600 0 100 200 300 400 500 600

m__, [GeV] m_ [GeV]
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retation

CMS 35.9 fb' (13 TeV) CMS 35.9 fb' (13 TeV)
c)o- 1 | I 1 I I I I I 1 I 1 1 1 I | T 8 c)o- 1 | I 1 1 I I I I 1 | 1 1 1 1 | I 1 8
03 ~ Vector med, Dirac DM, 9= 1, m .= 3 xmpy, B EE 0'5 : Axial med, Dirac DM, 9o = 1, m .= 3 x mpy, EE
a | ==== Median expected 95% CL 1 3 Fey - === Median expected 95% CL kA
8 | - 68% expected [_‘E 8 - - 68% expected ] [_4E
&) 95% expected i &) i 95% expected
L Observed 95% CL — Observed 95% CL
Observed = theory unc. 1
101 ] @uxh?=0.12 —10°
— 10—1 :
7 10~ |
10—2 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 l 1 1 I 1 1 1 1 | 1 1 | 1 1 l 1
500 1000 1500 2000 500 1000 1500 2000
m__,[GeV] m_.,[GeV]

» Observations incompatible with relic density limits

» For particular (and narrow) ranges of couplings
» More to come with increased statistics
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Mediator Searches

- ATLAS

o » Low-mass mediators swamped
L% o i giomkgl:%unr':grf:tnterval by QCD

--p-- g, m =4.0TeV
P mz* =5.0 TeV

» Use clever analysis-in-trigger
techniques: “data scouting’

g*, 6 x10

p-value = 0.63

Fit Range: 1.1 - 8.2 TeV
ly*| < 0.6

» Trigger on high-pr ISR, look for jet
substructure in recoil system

—
<

N

|
N

Significance
o

Il } ] I } 1 I N T N TN N N - Al ISR ENRERARNRANTET}
JES Uncertainty

Data-MC

& e
o

oo o,

2

q q

’ (’ ATLAS

q EXPERIMENT

Run: 305777
Event: 4144227629
2016-08-08 08:51:15 CEST
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An Old Favourite...

IIIIIIIlIIII|IIIIIIIII|IIII|IIII|III

= ATLAS g 10 ATLAS ¢ Data § 10 4 Data
R N g o ATLAS 2
m S < 13 TaV. | b --- Expected limit = W Vs =13 TeV, 36.1 fb" oz e \s =13 TeV, 36.1 fb" E %pr Quarks
o Is=13Te , 36. . Expected+ 16 J - Dimuon Search Selection [l 'lg?é)o(S};Jr]arks - Dielectron Search Selection [ Diboson
, - ] Di [ Multi-det & W+Jets
10 Z =l Expected+ 26 | 10 — 7,(3TeV) - —7,(3TeV)
— imit 3 —Z,(4TeV) 7' (aTev)
Observed limit 3 s _ Z’z (5 Tev) 10° — 7, (5Tev)
— 102
2 —
1 0 ; ; 10
— ] 1
3 10
107 g =
E = 102
- ] L L . il " -
L 4 EE’“‘E‘ 1|' g 14E7 - N LB LE B pm—
1 0'4 — — E] 1'215.00 sgseetes byl 111, 1! E 1'21 00 a bl
2 = £ oo p——" £ o e
- . 0 o6k O 0.6Er . L l| . , DR
: : 3A14; 3A14;_[| T T T T T TT || T Il T T R
£ 12F I g 12F E
1 0—5 oo v by b by v b a g @ “ 121§ voutortipbbd L o = 121f " .h,++$+# | E
58 oaf (23001 - £ 8 osf 1 3
. - - . ) 0O~ 0.6E = Q7 06| | I TR R R 4 1 1 (OIS
MZ, [TeV] 100 200 300 1000 2000 100 200 300 1000 2000
Dimuon Invariant Mass [GeV] Dielectron Invariant Mass [GeV]

» Classic Z’ hunt now interpreted as DM mediator search

Signal: same flavour, opposite charge dilepton

v

v

Control: opposite flavour / same charge dilepton

v

Main background DY production (well-modelled)
Current (model-dependent) limits from CMS and ATLAS around 4.5 TeV

v
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» Vertical structures are mediator searches

.~ TheGrandPicture

DM Simplified
1.2 ———7—

Model Excl

ATLAS Preliminary July 2017
LR B AL AL B 7

Dilepton

Vector mediator, Dirac DM
gq= 0.1, g|=0.01, 9oy = 1
All limits at 95% CL

=

Mediator Mass [TeV]

— Dijet

Dijet 8 TeV ¥s = 8 TeV, 20.3 fb™
Phys. Rev. D. 91 052007 (2015)
Dijet¥s = 13 TeV, 37.0 fb™
arXiv:1703.09127 [hep-ex]

Dijet TLAYs = 13 TeV, 3.4 b
ATLAS-CONF-2016-030

Dijet + ISR¥s = 13 TeV, 15.5 fb™!
ATLAS-CONF-2016-070

ET*+X
ET+y¥S=13TeV, 36.1 fb"
Eur. Phys. J. C 77 (2017) 393
ET*+jet ¥S =13 TeV, 36.1 fb'
ATLAS-CONF-2017-060

Dilepton

Ys =13 TeV, 36.1 fb™
CERN-EP-2017-119

» Exclusion areas strongly depend on coupling assumptions

» Much weaker constraints on scalar and pseudo scalar mediators...
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Sl 2
cjDM-nucIeon [Cm ]

Spin-independent

CMS Preliminary

LHCP 2017

IIIII| I\ll

107%°

107%¢

10°%
10738
1073

1074
1074

1074
107
107
10%
107

10—47 1 1 1
1 10 102

10°
Dark matter mass m,,, [GeV]

CMS observed exclusion 90% CL

Vector med., Dirac DM; 9,= 0.25, 9= 1.0

Boosted dijet (35.9 fb™)
[EXO-17-001]

Dijet (35.9 fb™)
[EXO-16-056]

DM +j/V__ (35.9 fb™)
[EXO-16-048]

DM + y (12.9 fb™)
[EXO-16-039]

DM +2Z, (35.9 fb™)
[EXO-16-052]

DD observed exclusion 90% CL

CRESST-II

T [arXiv:1509.01515]

CDMSlite
[arXiv:1509.02448]

PandaX-Il
[arXiv:1607.07400]

LUX

[arXiv:1608.07648]

XENON1T

[arXiv:1705.06655]

» Collider and DD searches are
clearly complementary

34

» Collider competitive at low DM

masses, pseudoscalar mediator (hard)

» Watch this space...

IPPP Annual Meeting, 20th Dec 2017

6, (DM-proton) [cm?]

o, (DM-neutron) [cm?]

107
107
107
107%
107"
107
107%
107*
107

107

107
10°%°
107
107
107"

107

Comparison with Direct Direction

Spin-dependent

DM Simplified Model Exclusions
E I T

ATLAS Preliminary July 2017
T T

= Dijet
Dijet 8 TeV ¥s = 8 TeV, 20.3 fb™!
Phys. Rev. D. 91 052007 (2015)
Dijet ¥s = 13 TeV, 37.0 fb!
arXiv:1703.09127 [hep-ex]

/1

|

Dijet TLAYS = 13 TeV, 3.4 fb!
ATLAS-CONF-2016-030

Dijet + ISR Vs = 13 TeV, 155 fb"!
ATLAS-CONF-2016-070

—— —miss
Er+X
Er +yVs=13TeV,36.1fb"
Eur. Phys. J. C 77 (2017) 393

miss

Emiss+x ATLAS-CONF-2017-060
T EM*4Z § = 13 TeV, 36.1 fo”
Di ATLAS-CONF-2017-040
|
I PICO-60 C,F,
r \——_ arXivi1702.07666v1 [astro-ph.COJ
: 1 Axial-vector
L Axial-vector mediator, Dirac DM _ .
= 9,=025,9=0,g, =1 = mediator
- ATLAS limits at 95% CL, direct detection limits at 90% CL - D . D M
1 1 1
1 10 10? 10° Irac
9,=0.25,9, = 1

DM Simplified Model Exclusions ATLAS Preliminary July 2017
E T T E

= Dijet
Dijet 8 TeV ¥s =8 TeV, 20.3 fb”!
Phys. Rev. D. 91 052007 (2015)
Dijet ¥s = 13 TeV, 37.0 fb™!
arXiv:1703.09127 [hep-ex]

LUX

\

EMss1X

Dijet TLAYS = 13 TeV, 3.4 fb”!
ATLAS-CONF-2016-030

Dijet + ISR ¥s = 13 TeV, 15.5 fb™!
ATLAS-CONF-2016-070

—— —miss
Er +X
Er +y Vs =13TeV,36.1fb"
Eur. Phys. J. C 77 (2017) 393
miss
ATLAS-CONF-2017-060
Er*+ZV¥s=13TeV, 36.1 fo"

ATLAS-CONF-2017-040

v vl vl vl vl N

107 Pk Dijet —LUX

F ] arXiv:1608.07648; arXiv:1602.03489
107 E =
10_45 ;_ Axial-vector mediator, Dirac DM _;

E gq=0.25,g|=0, gDM=1 3

L ATLAS limits at 95% CL, direct detection limits at 90% CL ]
10—46 N P il N M ial PR |
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LHCDb: Lumps

Pentaquark!

Excited (). states

Phys. Rev. Lett. 118, 182001
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» All consistent with theory
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and Bumps
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» Tests of CKM unitarity sensitive to O(100TeV) scale physics

» All about gamma now... tough measurements
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» 40 tension with the SM prediction (assuming it stays put)

» Hard to explain with any single (heavy) source of interference...
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» Push LHC to ultimate limit of 5 - 10 times design luminosity

» Requires upgrades to many parts of CERN infrastructure during LS2, 3, 4

» Highest instantaneous luminosity may not be the best physics option
» 7.5E+34 implies 200 overlapping events per crossing; may not be handleable by detectors

» Levelled scenario provides less integrated lumi, but constant running conditions

» Detector upgrade strategy

» Upgraded detectors must have better performance than the originals

» As in original detectors, we will push the technological envelope — hard

» Should not forget that lifetime of ‘new’ detectors will be as long as the originals
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LHC Physics

Number of Events
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» Precision H physics; HH coupling; increased mass limits
» What we need is more data — but not at any price
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The Environment

CMS CMS Experiment at LHC, CERN

: .1 Data recorded: Mon Nov 8 11:30:53 2010 CEST
% Run/Event: 150431 / 630470
Lumi section: 173

140

<npv>

» HI experience with high-occupancy (but low-rate) conditions

» Key challenges for Phase-2 are data rates, long-term detector behaviour
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» Basic improvements

Some Themes

» Denser environment: increased granularity everywhere

» More particle flux: increased rad hardness

» Complete new tracking systems for CMS and ATLAS

» Improved triggering and data-handling

» Data rates increasing by 1.5 orders of magnitude

» CMS: put tracks into L1 trigger: ultimate flexibility, but very hard

» ATLAS: improve fast tracking at

» Completely new detector tec

L2, much higher L1 trigger rate

nniques

» Precision timing layers, to triangulate position of overlapping vertices

» CMS: ‘particle flow” reconstruction on the detector: HGC endcap calo

» Status of approval

» CMS / ATLAS upgrade ~250MCHF each (LHCDb also has ambitions)
» LHCC approval just starting now; construction kicks oft in 2019
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Muon System Replace Tracker
+ Replace DT & CSC FE/BE electronics * Radiation tolerant - higher
* Complete RPC coverage in region granularity - less material -better

pr resolution
* Extended nregionupton ~3.8
* Tracks triggeratLa

1.5 <1 < 2.4 (new GEM/RPC technology)
* Muon-tagging 2.4<n <3

Barrel EM calorimeter

* Replace FE/BE electronics

* Lower operating temperatur

y /

Replace endcap

Calorimeters

* Radiation tolerant - high
granularity

* 3D capability

_4_

Trigger/HLT/DAQ
* Track information at L1
* La-Trigger ~ 750 kHz
* HLT output ~7.5 kHz

University of

; 1
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MS UK Highlights
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Back thermal screen

Tracking

AR Pass f Fail
//
Upper sensor
1-2 mm
[ } ~200 pm
~100 um | ower sensor
> ¢
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Prototype tracker module

N
o

Prototype Stave cables
(8 max)

Three compartment
Aluminium tray

Service Module supplies up to 8 Staves.
LV Power + sense lines (EoS & Hybrid). P
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Prototype stave design - ITK

EFEX L1 trigger upgrade card
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» FCC-hh design study due to report in 2018
» 100TeV, 100km machine, 16T dipoles (similiar tech to an HE-LHC)
» Detectors will be “technologically challenging” — much R&D needed

» Physics
» Discovery 40TeV q*/Z’, 10TeV gluino; few % on Higgs self-coupling

» Of course, we expect to be doing new and more exciting physics by 2035++

» Plea for help from phenomenologists — physics case and data selection

» It is not at all obvious how or on what to trigger at such a machine!
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Summary

» LHC alive, well, and hard at work

» Machine performance continues to improve -> ‘production mode’

» Experimental programme progressing, but things are getting harder...

» Physics programme
» No signs of new physics yet — patience and care required now
» Several tensions with SM in the flavour section; more to come here
» Higgs physics entering the precision era
» NP searches at GPDs finding new ways to probe into cracks and corners

» Long term future
» We have only 3% of the 3/ab dataset!
» New era of experiment construction for HL-LHC coming soon — busy times
» A new machine, new backgrounds, new problems, but physics in 2026

» Interaction between experiment and theory
» Clearly in rude health, thank you!
» The ‘hard thinking starts here’ — new ideas please!
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