Precision And New Physics
After LHC Run2
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ATLAS SUSY Searches*

- 95% CL Lower Limits

ATLAS Preliminary

Status: Moriond 2014 det _ (46 _ 229) fo~! \/E ~-7,8TeV
Model & T,y Jets EX™ [Larfb™] Mass limit Reference
1 1 1 1 I 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1
MSUGRA/CMSSM 0 2-6jets  VYes 20.3 9,8 1.7 TeV.  m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM 1e,u 36jets Yes 203 |Z& 1.2 TeV any m(g) ATLAS-CONF-2013-062
0 MSUGRA/CMSSM 0 7-10jets  Yes 20.3 g 1.1 TeV any m(g) 1308.1841
2 73 q—)q)(1 0 2-6jets  Yes 20.3 g 740 GeV m(¥})=0 GeV ATLAS-CONF-2013-047
S 2z, g—>qq)(1 0 2-6jets  Yes 20.3 4 1.3 TeV m(¥1)=0 GeV ATLAS-CONF-2013-047
R —>qu+)(? Tepu 3-6jets Yes  20.3 g 1.18 TeV m(¥1)<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
D 7z, 3oqq(Le/tv/ )T 2e, 0-3 jets - 203 |2 1.12 TeV m(t})=0 GeV ATLAS-CONF-2013-089
Q  GMSB({NLSP) 2e,up 24Jets  Yes 47 [EE T 2a e tan<15 1208.4688
g GMSB (£ NLSP) 127 0-2jets Yes 207 |& 1.4 TeV tang >18 ATLAS-CONF-2013-026
S  GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(t})>50 GeV ATLAS-CONF-2014-001
£  GGM (wino NLSP) Teu+y - Yes 4.8 m(¥})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 1b Yes 4.8 m(t})>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(2) 0-3 jets Yes 5.8 m(H)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(g)>10~* eV ATLAS-CONF-2012-147
qc)' fo] g—>be 1 0 3b Yes 20.1 g 1.2 TeV m(¥})<600 GeV ATLAS-CONF-2013-061
> GE) g—)ttX 0 7-10jets Yes 203 |2 1.1 TeV m(¥}) <350 GeV 1308.1841
T o &0 0-1e,pu 3b Yes  20.1 4 1.34 TeV m(¥})<400 GeV ATLAS-CONF-2013-061
) 3obiX] 0-1e,u 3b Yes  20.1 4 1.3 TeV m(¥})<300 GeV ATLAS-CONF-2013-061
bibi, by —>b)(1 0 2b Yes  20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
w e bibi, bty 2e,u(SS)  0-3b Yes 207 |#& 275-430 GeV m(¥})=2 m(t)) ATLAS-CONF-2013-007
=9 77 (light), 7 —>b¥] 1-2e,u 1-2b Yes 47 |4 110-167 GeV | m(t})=55 GeV 1208.4305, 1209.2102
3 S #f(light), 7 —>Wb)?(1’ 2e 0-2jets  Yes 20.3 f 130-210 GeV m(¥}) =m(7; )-m(W)-50 GeV, m(f;)<<m(¥T) 1403.4853
gg 7171 (medium), t1—>t)((1) 2e, [ 2 jets Yes 20.3 f 215-530 GeV m(/??)=1 GeV 1403.4853
< g Nii(medium), i —>bYy 0 2b Yes 201 |4 150-580 GeV m()(1)<200 GeV, m(¥T)-m(¥})=5 GeV 1308.2631
%B’ f11; (heavy), t1—>t/\: 1e,u 1b Yes 20.7 f 200-610 GeV mm) =0 GeV ATLAS-CONF-2013-037
~ O fif (heaVY)bf1—>t)(1 0 2b Yes 20.5 t 320-660 GeV m(¥})=0 GeV ATLAS-CONF-2013-024
0o i, [1—ock 0  mono-jet/c-tag Yes 20.3 f 90-200 GeV m(f)-m(¥})<85 GeV ATLAS-CONF-2013-068
711 (natural GMSB) 2e,u(Z) 1b Yes 203 |7 150-580 GeV m(¥1)>150 GeV 1403.5222
hiy, h—i +Z Be,u(Z) 1b Yes 203 |#& 290-600 GeV m(¥}])<200 GeV 1403.5222
fLrROLR, €—>€X1 2e,u 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
5 X, )?f —lv(eP) 2e,p 0 Yes 203 | i 140-465 GeV m(¥)=0 GeV, m(Z, #)=0.5(m(¥; )+m(t})) 1403.5294
= ® )?f)?‘ X7 >5v(tv) 27 - Yes 207 |X} 180-330 GeV m(¥1)=0 GeV, m(%, #)=0.5(m(¥7 )+m(t})) ATLAS-CONF-2013-028
W3 X1X6—>€Lv€L€(W) CvlLL(Y) 3e,pu 0 Yes 20.3 /\:,’i,/\:’o 700 GeV M7 )=m(x3), m(¥})=0, m(Z, #)=0.5(m(¥)+m(t?)) 1402.7029
Xl)(a_)WX(l)Z)(b 2-3e,u 0 Yes 20.3 X;,/\: 420 GeV m(f?):m()(g) m ~(1))=O sleptons decoupled 1403.5294, 1402.7029
XX — WX hX; 1e,pu 2b Yes 20.3 XX, 285 GeV m(¥T)=m(¥3), m(¥])=0, sleptons decoupled | ATLAS-CONF-2013-093
8 o Direct ¥1X] prod., long-lived ¥  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 22.9 g 832 GeV m(¥})=100 GeV, 10 us<7()<1000 s ATLAS-CONF-2013-057
6)"5 GMSB, stable T X1—>T(e D+1(e, ) 121 } - 15.9 = 10<tanB<50 ATLAS-CONF-2013-058
% 8 GMSB, X1—>yG long-lived X(l) 2y - Yes 4.7 0.4<7(¥))<2 ns 1304.6310
=l 4q, )((1’—>qu (RPV) 1 u, displ. vtx - - 20.3 q 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(¥})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v, + X,V —e + u 2e,u - - 4.6 A5,,=0.10, 1;3,=0.05 1212.1272
LFV pp—¥: + X, Vr—e(u) + 7 leu+t - - 4.6 A4,,=0.10, 2;(2)33=0.05 1212.1272
> B|I|near RPV CMSSM 1e,u 7 jets Yes 4.7 m(g)=m(g), ctLsp<1 mm ATLAS-CONF-2012-140
& X1X 1 ,)( ! —>WX X —eevy, e, 4e,pu - Yes 20.7 /\:/i m()21)>3oo GeV, 1;5,>0 ATLAS-CONF-2013-036
X1 X1, X1 >Wh X 5119, etv, e, u+t - Yes 20.7 | X} 350 GeV mm)>so GeV, 1;33>0 ATLAS-CONF-2013-036
84999 0 6-7 jets - 20.3 g 916 GeV BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—1t, fy—>bs 2e,u (SS) 0-3b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
g Scalar gluon pair, sgluon—gg 0 4 jets - 4.6 sgluon incl. limit from 1110.2693 1210.4826
_g Scalar gluon pair, sgluon—f 2 e,u (SS) 2b Yes 14.3 sgluon ATLAS-CONF-2013-051
*6' WIMP interaction (D5, Dirac y) 0 mono-jet  Yes 10.5 m(y)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
1 1 1 1 I 1 1 1 1 1 1 1
Vs =8 TeV 1
full data Mass scale [TeV]




Standard Model Production Cross Section Measurements  siius: march 2015 JLdt

-1
wmmmmmw_ T I TTT11 rrrid I rrria I LI} [fb ]
PP . 8x1078
ota ATLAS Preliminary 0
Jets R=0.4 01 < pr <2TeV ¢ 45
y|<3.
Dijets R=0. — <mj; <
dijets R=0.4 Run1 +/s=7,8TeV 03 <m;<5TeV & 4.5
)ollgl ¢ 0.035
tc%al ¢ 0.035
fid t'E/ OA 24(563
tt—chan OA 24063
total .
WW o) 4.6
total |A 203
ﬁdzg?a// ﬁ 4.9
Wit O 2.0
total PAY 20.3
WZ O 4.6
total A 1 30
y 44 O 4.6
total A LHC pp \/E -_ 7 TeV 203
W
fiducie?// ¢ - Theory 4.6
fovwfglw z ‘: - Observed 4.6
stat
fidchiZI ¢ Stat+syst 4.6
ttwW I; 20.3
otal
thtZ ———————————— 2 - - -| 95% CL upper limit LHC PP \/E =8 TeV 4.7
total “I 203
Zﬂ??(;a\INK ' Observed
f;'!i{lcial |A ! stat 20.3
H
fidza)//y h 20.3
fiduc\i{a\/,/ 21210 Eu 20.3
W“—“)le;—glj EWK h 20.3
techan [—~—————=—=—=—=—=—=—==-=-=---- B - -| 95% CL upper limit 0.7
total 0 | e e e 4 95% CL upper limit | | | 20.3

103 102 100t 1 10t 104 10 10* 10° 10° 10!t 05 1 15 2
o [pb] observed/theory
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SEARCHES IN FINAL STATES :
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No Signals Of Susy

LEPTONS+PHOTONS+JETS+MET

gg production, B(g — qq 3{?):100%

— ATLAS Preliminary
—s =13 TeV, 36.1 fb™

| O-leptons, 2-6 jets
| MEff or RJR (Best Expected)
— All limits at 95% CL.
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No Signals Of Susy

SEARCHES IN FINAL STATES : LEPTONS+PHOTONS+JETS+MET

gg production, B(g — qq 3{?):100%
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8 — ATLAS Preliminary === Obs. limit (+10,.>") N
t = 1600 s =13TeV, 36.1 b - -~ Exp. limits (+10,,) —
- [ O-leptons, 2-6jets ~ — - Exp. limits MEff B
1400 et or RUR (Best Expected) 7~ Exp. limits RJR -
Al B —— OL obs. limit (3.2fb™", 13 TeV) B
All limits at 95% CL. )
1200 — —]
- S e ]
1000 — S . -\\\ —
- i o D .
800— NN 7
B s S, M, \ .
600 — .y R ]
T <& | : i
> . 2 : _
| 400 N —
C I | 5
C A (N —
B AR |\ —
C I ' _
C ] a ]
O | | | | | | | | | | | | | | Ly ‘\ 1 | | |
500 1000 1500 2000 2500

=
[0

®
S






After Run?2 ...

i | | | | CMS rreliminary  35.9 fb™' (13 TeV) Most Sensitive Analysis + r_, _ limit 1510.04871
3 ATLAS Prel | Inclusive Select = . 1000 obs
— imi | ti ) ~ o~ ~ . i =" I [
T 10 re |m|nflry _“_St?pCp:rsr)lr\(:fcrosesfeC:tiL(:n - © 1200lPP = GG G—q X? NLO+NLL exclusion 7 '8_ : :: 8 8 : :: :.8 8 O®O0O0: 6 atlas_conf 2013 024
n):(l \\\\F= 13 TeV, 36.7 fb m observed 95% CL limit = g — Observed = 1 Oiheory | IE' () .E. 00000000 o 2 88§8
o) \ — expected 95% CL limit ] SsS === N — 9O ! ! O !
e - 2% ool 32 Expected = 10,0 ey =N 300 _:: ::_g :: ::g 8 e O.F0 00000 atlas_conf_2013_061
102 = expected = 20 — i * o~ o e 1 = g ‘...‘..‘.OO O’OOOOO
2 s ) q.+9,@d80 1 1 ¢ 0000000000 Q0000 atlas_conf 2013 062
- . 800/ 1 1 8 = 00000000000 00000
i - ! ] 5 @ 00000000000 ©°0 0:0 0
B B : R 4 1 J10" O 600rgeoeeee®0O0: ® 0000 atlas_1308_2631
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even 1n non-standard scenarios

Mgusy > D00 GeV




MORE SUBTLE SIGNALS = PRECISION




TheoryOptions (~Non-Susy
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flavor structure
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MORE SUBTLE SIGNALS = PRECISION




Run2 =Subte New Physics




Run2 — Precision Physics




HEAVY NEW PHYSICS
DIFFICULT SPECTRA
S SMALL DEVIATIONS

SM-LIKE SIGNALS
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LOWER CROSS-SECTION FOR NEW PHYSICS
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NewPhysicsIn'The
“Top QuarkSample™



Why Top Quarks?

Motivated in many BSM scenarios (hierarchy problem)

NLO+PS and NNLO precision recently achieved for
differential distributions *

Blindspots of SUSY due to top quark background



Search Approach
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Search Approach
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Softls Hard
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Softls Hard
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NEW PHYSICS IS SM-LIKE

BETTER PRECISION



Resolution
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500 CMS ttVv/y
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CMS-PAS-TOP-16-019

NLO and NNLO precision top quark physics is a
reality

SM precision predictions for many observables
Useful per se

Can show deviations from SM Iin subtle features



New PhYSlCS FflectOn mse

t/tt+SUSY
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10-15% DeviatonIn A
Distribution, Isltknough 1o
Claim New Physics/Put A Bound?




Resolution
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Resolution

PRECISION AT THE LHC

mt,mx",mx=(200,150,100) )

r

& 085
S 080k L .eee SM/BSM
075t ** . . . O
50 100 150 2

250

200

200 l

SM tt (MCFM) as in TOP-14-014 J

r

0.06

0.05¢}

5% THEORY ERR. -> S

0.03}
0.02}

0.01}

. =

0.00t

NLO |

R Bt sk ks ol s

150




A Closer ook AtScale Uncertamues
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A Closer 1 ook AtScale Uncertamtes
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A Closer 1 ook AtScale Uncertamtes
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and other observables used 1n

still uncovered new physics scenarios
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precision top quark physics can probe




Precasion Di-Bosons

O O
t1he-1L.umi
RF, Panico, Pomarol, Riva, Wulzer - in preparation



Search Approach
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pp— Goldstones

directly relevant for EWSB

new physics can show-up at high-energy (e.g. Oung~(qrLo?y?qr)(HDy,aH) grows with E)

G cV = neverlarge S/B (unless strong coupling)

orecision SM di-bosons distributions (NNLO)



pp— (VG0

* pp > WW, ZW, 27, /ZH, WH all potentially
interesting

* however most processes have large

background from other processes (e.q. tt
fakes W\, V+jets fakes VH, ...)

* /W stands out because can give a fully
eptonic final state, hence S>B. Only then
the chase for Gold starts...

E2 ENHANCEMENT OF BSM




pp— Z'W+ | ...

at LO in WW

LEPTON ANGLE IN THE V-REST FRAME
MCFM 8.0
0.0 | | | 0.2 | | | 04 | | | 0.6 | A | O‘.8 | ‘ |

0.00¢

do/dt [A.U]
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0.001 -

1074 -

WW(LO)
WZ(LO)

0.06F
0.05}
0.04§
o.o3§
0.025
o0t

0.00L

LEPTON ANGLE IN THE V-REST FRAME
MCFM 8.0
0.0 T 0.2 T 04 o 0.6 T O‘8 -

effect Is still noticeable

1.5xmore TT
at NLO in WW

- WW(NLO)
WZ(NLO)

at LOgg = VV is 3@1 of SU(2)

antisymmetry of 3 at t=u makes ggq — ZW
be suppressed in the central region

NLO corrections are important, but the LO



pp— Z'W:

FAST-DROPPING
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= 095F
% B e = 0.0001
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LLHC, thanks to energy and large lumi, can catch O(10%) ellects
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in TeV tails: a probe of new physics in EWSB at LEP-level.







Conclusions

N the NNLO QCD epoch, SM differential distribution are powerful probes of BSM

top quark precision is sweet-spot for BSM motivation and QCD precision

results for me distribution are very promising for ©,x".x° SUSY spectra

di-boson precision at high-energy sensitive probe of Goldstone bosons

pp— ZW might deliver limits at HL-LHC that can reach LEP on weakly coupled BSM



Thank You!



qq production, B(q — q ;C?)=1oo%

m_, [GeV]
[

O
=

| ATLAS Preliminary

— Y{s =13 TeV, 36.1 fb™

— O-leptons, 2-6 jets

— MEff or RJR (Best Expected)
| All limits at 95% CL.

[=h
[N}
ml
0Ol

O
my)

—~

~

=+

‘e
]
U [N
"""""""""
""""""""""""""
llllllllllllllll

SUSY)
--------- theory

=== Exp. limits (x10
————— Exp. limits MEff
————— Exp. limits RJR
—— OL obs. limit (3.2fb™", 13 TeV)

exp)

“‘.|-|-||||||ll-|}

lllllll
llllllllllllllllll

‘e

Y0 6

| | = W AN
00 1200 1400 1600

Standard Signatures

APPLIES TO DIRAC GAUGINOS

600

200

CMS preiiminary 35.9 fb™" (13 TeV)

pp — G, § — % NLO+NLL exclusion
— Observed = 10

theory

experiment

Expected + 10

400 .-

one light q

|lll|lll|l‘l

| |

|
|
1
|
1
In

600 800

1000 1200 1400 1600
ma[GeV]

I llllll|

I

—h
<

I llllll|

I

| IIIIII|

95% CL upper limit on cross section [pb]



R-Parity Violation
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EACH MODIFICATION MAY NEED NEW AD-HOC SEARCHES

e.g. NMSSM light Singlino: extra bb-resonance in a generic SUSY search
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A Closer 1 ook At Scale Uncertammtes
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A Closer 1 ook At Scale Uncertammtes
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A Closer ook AtScale Uncertamues
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NonStandard Top Partners Decay
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A Firstl ook AtScale Uncertainties
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A Firstl ook AtScale Uncertainties
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NNLO top decay
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Challenges

compressed = little visible energy

diluted

delayed



Dilution
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Challenges

compressed = little visible energy
diluted = spread on many channels

delayed
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Challenges

compressed = little visible energy
diluted = spread on many channels

delayed = flavor tags may not work, signal is

different than what originally thought
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