Discussion (High Energy-II)




The SM Lagrangian
(since 1973 in its full content)
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The Standard Model or not the SM?
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Question:
1: Give the SM for granted and "look elsewhere”
or ?
2: Keep testing the SM to learn how to complete it
Answer:

the “or” is the problem

reasons of poor understanding and reasons of incompleteness
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Discussion (High Energy-II)
v No DIRECT EVIDENCES of new RESONANCES




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

May 2017 \/_=7, 8,13 TeV
Model &[Ty Jets EL™ [Lanm™ Mass limit Vi=7,8TeV | y5=13TeV Reference
MSUGRA/CMSSM 0-3e,u/1-27 2-10jets/3b Yes 20.3 54 1.85 TeV m(g)=m(g) 1507.05525
43, t?*q)gg 0 2-6jets  Yes  36.1 m(/??)<ZOEJDGeV, m(1% gen. §)=m(2" gen. q) ATLAS-CONF-2017-022
Q43 G—4¥) (compressed) mono-jet  1-3jets  Yes 3.2 m(g)-m(¥})<5GeV 1604.07773
£ 28, 8-qY) 0 2-6jets  Yes  36.1 m(t))<200 GeV ATLAS-CONF-2017-022
% 8. gﬁqq*f—*qu*X 1 0 2-6jets  Yes  36.1 m@zkzoo GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2017-022
® gg, 3-qqWZY| 0 71jets  Yes 361 m(¥?) <400 GeV ATLAS-CONF-2017-033
=  GMSB (ZNLSP) 1-2740-1¢ 02jets  Yes 3.2 1607.05979
S GGM (bino NLSP) 2y - Yes 3.2 cr(NLSP)<0.1mm 1606.09150
Q  GGM (higgsino-bino NLSP) Y 1h Yes 203 |2 . m(¥))<950 GeV, cr(NLSP)<0.1 mm, <0 1507.05493
=  GGM (higgsino-bino NLSP) Y 2jets Yes  13.3 m(¥})>680 GeV, c(NLSP)<0.1 mm, 1>0 ATLAS-CONF-2016-066
GGM (higgsino NLSP) 2e,u(Z) 2jets  Yes 203 |g& m(NLSP)>430 GeV 1503.03290
Gravitino LSP 0 mono-jet  Yes  20.3 | F'2scale m(G)>1.8 x 107 eV, m(z)=m(§)=1.5 TeV 1502.01518
8T 2z z-bbi] 0 3b Yes  36.1 m(E})<600 GeV ATLAS-CONF-2017-021
DE 33 -0 0-1e,p 3b Yes  36.1 m(¥})<200 GeV ATLAS-CONF-2017-021
S0 g3, 3—bity 0-1e,u 3b Yes  20.1 m(¥})<300 GeV 1407.0600
& = blbl, b1—>bX1 0 2b Yes 36.1 m(t))<420 GeV ATLAS-CONF-2017-038
=S bb, bl—m(l 2e,u (SS) 1b Yes  36.1  275-700 GeV m(¥))<200 GeV, m(¥})= m(¥})+100 GeV ATLAS-CONF-2017-030
§ S nh, f—bt 0-2¢,u 1-2b  Yes 4.7/13.3 117-170GeV | 200-720 GeV| m(¥;) = 2m(¥}), m(¥))=55 GeV 1209.2102, ATLAS-CONF-2016-077
@ S i, i—>WbE) or t¥) 0-2¢,u 0-2jets/1-2b Yes 20.3/36.1 90-198GeV | 205-950 GeV m(¥)=1 GeV 1506.08616, ATLAS-CONF-2017-020
S S Ah, hi—oc) 0 mono-jet  Yes 3.2 m(i))-m(t))=5GeV 1604.07773
S Q  fifi(natural GMSB) 2e,u(2) 1b Yes 203 150-600 GeV m(¥})>150 GeV 1403.5222
35 hhbhoh+Z Be,u(2) 1b Yes  36.1 . 290-790 GeV = ATLAS-CONF-2017-019
b, hoh +h 1-2e,u 4b Yes  36.1 . 320-880 GeV ATLAS-CONF-2017-019
ORrlLR, Z_>f)2‘1’ 2e,pu 0 Yes 36.1 ATLAS-CONF-2017-039
XiXT, )?f —SDv(tv) 2e,u 0 Yes  36.1 2 Tev (m(FE)+m(Ed)) ATLAS-CONF-2017-039
)‘(1)2 1S, X Sav(am), B (v 27 - Yes  36.1 5(m (¥} )+m(E))) ATLAS-CONF-2017-035
= ‘g )(1)( —>€Lv€L€(w) lLL(Y) 3eu 0 Yes  36.1 )=0.5(m (¥} )+m(¥})) ATLAS-CONF-2017-039
LS )(1)(5—>W)( 7" 2-3e,u 0-2jets  Yes 36.1 Eanceyn =0, 7 decoupled ATLAS-CONF-2017-039
D X —>(|;V)(1h)(17 h—bb/WW/tT]yy LY e 0-2b Yes 20.3 270 GeV mm) m(Xz), mm) =0, t’decoupled 1501.07110
XXz, o3 —lrt 4ep 0 Yes 203 635 GeV m(T2)B(E), m(E})=0, m(Z, 7)=0.5(m(¥3)+m(¥1)) 1405.5086
GGM (wino NLSP) weak prod., et —yG leu+y N Yes 20.3 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., ¥ —yG 2y - Yes 20.3 590 GeV cr<tmm 1507.05493
Direct XX prod., long-lived X7 Disapp. trk 1 jet Yes  36.1 m(¥;)-m(E7)~160 MeV, 7(¥1)=0.2 ns ATLAS-CONF-2017-017
Direct X1 X7 prod., long-lived X7 dE/dx trk - Yes  18.4 495 GeV m(F;)-m(E))~160 MeV, 7(¥;)<15 ns 1506.05332
‘8 « Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 m(¥))=100 GeV, 10 us<7(2)<1000 s 1310.6584
= Stable g R-hadron trk - - 32 1606.05129
T Metastable g R-hadron dE/dx trk - - 3.2 m(¥%)=100 GeV, r>10 ns 1604.04520
S g GMSB, stable 7, ¥\ —>7(, f)+1(e, ) 1-2u - - 19.1 537 GeV 10<tanB<50 1411.6795
= GMSB, ¥—yG, long-lived ¥} 2y - Yes 203 440 GeV 1<T()?,><s ns, SPS8 model 1409.5542
gg,)(l—wm{)/e/.tv/m.tv displ. ee/ep/up - - 20.3 7 <cr(X1)< 740 mm, m(g)=1.3 TeV 1504.05162
GGM 3z, X1 —»ZG displ. vix +jets - - 20.3 6 <ct(¥))< 480 mm, m(z)=1.1 TeV 1504.05162
LRV pp—¥: + X, vr—>ep/et/ut ep,eT T - - 3.2 A5, =011, Ai32/133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS)  0-3b Yes  20.3 1.45 TeV m(G)=m(g), ctisp<1 mm 1404.2500
XU X WS ) >eev, epv, v depn - Yes  13.3 m(¥})>400GeV, 120 (k = 1,2) ATLAS-CONF-2016-075
XTXT, XWX »11ve, etve Be,u+T1 - Yes 203 450 GeV m(E)>0.2xm(¥5), 113320 1405.5086
n>_ 28, 8—qqq 0 45large-Rjets - 14.8 BR(1)=BR(b)=BR(c)=0% ATLAS-CONF-2016-057
C 3z 990, X1 - qaq 0 4-5large-Rjets - 14.8 m(P})=800 GeV ATLAS-CONF-2016-057
33, o100, X > qqq leu 810jets/0-4b - 36.1 me¥)= 1 TeV, 4j,#0 ATLAS-CONF-2017-013
88, g—ht, [ —bs leu 8-10jets/0-4b - 36.1 m(f)=1TeV, 1323%0 ATLAS-CONF-2017-013
iy, [ —bs 0 2jets+2b - 15.4 [450-510 GeV ATLAS-CONF-2016-022, ATLAS-CONF-2016-084
fify, h—bt 2e,pu 2b - 36.1 BR(f; —be/u)>20% ATLAS-CONF-2017-036
Other Scalar charm, é—c¥} 0 2c Yes 20.3 @ 510 GeV m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or 1 * ! ! ! L * * * !
phenomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.
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® “Top-down models look increasingly fine tuned” (Rakhi);

® To obtain new information to the “fundamental model”
(MSSM, Extended Gauge Sector, etc. etc.) does one need
higher energy experiments (100 TeV) ?
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® “Top-down models look increasingly fine tuned” (Rakhi);

@ To obtain new information to the “fundamental model”
does one need higher energy experiments (100 TeV) ?

= EXPLORING the ENERGY FRONTIERS

® Are we giving up the “naturalness principle” ?

@ At what price (TH and EXP) ?
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Discussion (High Energy-II)

w No DIRECT EVIDENCES of new RESONANCES

® "Top-down models look increasingly fine tuned” (Rakhi)

@ To obtain new information to the “fundamental model”
does one need to go to higher energy (100 TeV) ?

v« HINTS on LFU violation (A=1-2 TeV) ?



R(D*)

0_5 B L] L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] i
[ ——— BaBar, PRL109,101802(2012) Av? = 1.0 cont 3
- ——— Belle, PRD92,072014(2015) X = LU contours .
045 LHCb, PRL115,111803(2015) == SM Predictions —
[ ——— Belle, PRD94,072007(2016) R(D)=0.300(8) HPQCD (2015) 3
[ ——— Belle, arXiv:1612.00529 R(D)=0.299(11) FNAL/MILC (2015)
0.4 [~ [0 Average R(D¥=0252(3) S Fajferetal. 2012) | _ o
e 1 ©
[ - - ) ] )
035 s I
03 = o -
B \ R L - ’ —— LFU observables
L RN 4 - b — sup global fit
025 - ] all
B - _ —-1.049 ¢ .
= M‘ggg{;imgoz% - flavio vo.: ——~all, fivefold non-FF hadr. uncert.
O B L L L L I L L L L I L L L L L L L .I n T T T } T T
'%)_2 03 04 05 06 -20 -15 =10 —05 00 0.5 1.0
m
R(D) Re C!
3.9 o excess 5.7 o excess

Semileptonic charm decays Semileptonic strange decays



Discussion (High Energy-II)
v No DIRECT EVIDENCES of new RESONANCES

@ “Top-down models look increasingly fine tuned” (Rakhi)

@ To obtain new information to the “fundamental model”
(MSSM, Extended Gauge Sector, etc. etc.) one needs to
go to higher energy experiments (100 TeV) ?

v HINTS on LFU violation (A=1-2 TeV) ?

@ Is the global flavour picture consistent or need to be an
ad hoc modification of a single operator (b = s y, etc.) ?

= EXPLORING the INTENSITY FRONTIERS
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Discussion (High Energy-II)
v No DIRECT EVIDENCES of new RESONANCES

@ “Top-down models look increasingly fine tuned” (Rakhi)

® To obtain new information to the “fundamental model”
(MSSM, Extended Gauge Sector, etc. etc.) one needs to
go to higher energy experiments (100 TeV) ?

w HINTS on LFU violation ?

@ Is the global flavour picture consistent or need to be an
ad hoc modification of a single operator (b = s y, etc.) ?

w Where is DM in this game ?
© Is a WIMP (TeV), an AXION (any) ? Is a PARTICLE ?
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Open Questions (High Energy-II)

If
w Give up the naturalness principle;
w Flavour-Hierarchy Problem uncorrelated;

w DM none of the above;
Are we missing the TRUE PARADIGM ?
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