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\ For decades physicists have been working on
S 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 Joseph Lykken and Maria Spiropulu

PARTICLE PHYSICS

Supersymmetry

andthe
Crisis
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Supersymmetry postulates that every known parti-
cle has a hidden superpartner, Physicists love super-
symmetry because it solves a number of problems
that crop up when they try to extend our under-
standing of quantum mechanics. It would also poten-
tially solve the mystery of the universe’s missing
dark matter,

The blg plcture

Physicists hoped to find evidence of supersymmetry
n experiments at the Large Hadron Collider (LHC). To
date, they have not. If no evidence arises in the next
run of the LHC, supersymmetry will be in trouble.

The failure to find superpartners is brewing a crisis in
physics, forcing researchers to question assumptions
from which they have been working for decades.
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Ol Eight years of searches...

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

December 2017 \Vs=7,8,13TeV
Model &MY Jets ET™ [Laim™] Mass limit Vs=7,8TeV | §=13TeV Reference
. . T T T T T T T Ll I T Ll T T T
43, G—qX1 0 2-6jets  Yes 36.1 m(#?)<200 GeV, m(1% gen. §)=m(2 gen. §) 1712.02332
w 0 G—gX" (compressed) mono-jet  1-3jets  Yes  36.1 m(g)-m(¥)<5 GeV 1711.03301
2 ol 0 2-6jets  Yes  36.1 m()<200 GeV 1712.02332
g 88, §—qa¥ —qqWt) 0 2-6jets  Yes  36.1 m(E9)<200 GeV, m(¥*)=0.5(m(¥})+m(z)) 1712.02332
©  3E, g-q4(tH, ee, pupt 2jets  Yes 147 m(&3)<300GeV, 1611.05791
| | | | | 2 28, —qq(e/v)Xy Sep 4 jets - 36.1 m(¥?)=0 GeV 1706.03731
% 28, 5oqqWZ 0 7-11jets  Yes  36.1 m(F}) <400 GeV 1708.02794
S GMSB (/NLSP) 1-27+0-1¢ 0-2jets  Yes 3.2 1607.05979
€  GGM (bino NLSP) 2y - Yes  36.1 ct(NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) Y 2jets  Yes  36.1 m(E0)=1700 GeV, cr(NLSP)<0.1mm, z1>0) ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes  20.3 F'2 scale 865 GeV m(G)>1.8 x 107 eV, m(g)=m(3)=1.5TeV 1502.01518
§ g 38, 5—bb" 0 3b Yes  36.1 m(¥?)<600 GeV 1711.01901
T e 82 gOofN) 0-1en 3b Yes  36.1 mEY)<200 GeV 1711.01901
biby, by—b¥] 0 26 Yes 361 |50 GeV m(¥1)<420 GeV 1708.09266
L8 biby, bt 2e,u(SS) 1b Yes 361 |B . 275-700 GeV m(P))<200 GeV, m(¥5)= m(¥3)+100 GeV 1706.03731
S8 nf, [0k 0-2e,u 12b  Yes 47133 |# 117170 Gev [ 1200-720 GeV! mET) = 2m(¥}), m(¥})=55 GeV 1209.2102, ATLAS-CONF-2016-077
gg ff, fl—)Wlé/?? or Y 0-2e,u 0-2jets/1-2b Yes 20.3/36.1 | & 90-198Gev.  0.195-1.0TeV m(Ed)=1 ;oev 1506.08616, 1709.04183, 1711.11520
r! n € S {7, Hock) 0 mono-jet  Yes 361 [INg0-430/GeV! m(#;)-m(¥7)=5 GeV 1711.03301
O n e m O e t a eX e C t e %g fify(natural GMSB) 2e,p(2) 10 Yes 20.3 i 150-600 GeV m(E))>150 GeV 1403.5222
, TS hhhoh+Z 3eu(Z 1b  Yes 361 | ~ 290-790 GeV m(P)=0GeV 1706.03986
b, i +h 1-2epu 4b Yes  36.1 7 . 320-880GeV m(?})=0 GeV 1706.03986
| | || || ZLrlLR, T8 2en 0 Yes  36.1 mEd)=0 ATLAS-CONF-2017-039
XUXT, X1 —8v(tw) 2e,pu 0 Yes  36.1 mF3)=0, m(Z, )=0.5(m(¥; }+m(E)) ATLAS-CONF-2017-039
Wi new 1il1aeas d4dn origina e Py o o )
> *g )‘(??g—»hvgm(gv), ElLEGY) 3ep 0 Yes  36.1 mEEE)=m(t3), m(,v‘;)?o, m(zhf/)=0_5(m(,?1i)+m(/??)) ATLAS-CONF-2017-039
W= Xi-oWizi 2-3e,u  0O-2jets  Yes  36.1 meET)=m(¥3), m(¥})=0, £ decoupled ATLAS-CONF-2017-039
. 3 xg)z"_,gw?‘fhi?, h—sbb/WW/tt/yy ey 02b  Yes 203 xzxz 270 GeV , méif):()r;()?%), me?)=0, Ede;;uplezvo 1501.07110
X3, X3 —0RE depu 0 Yes 203 | X 635 GeV m(¥3)=m(¥3), m(¥})=0, m(, #)=0.5(m(¥3)+m(t})) 1405.5086
GGM (wino NLSP) weak prod., ¥)—»yG 1 e, +v - Yes  20.3 14 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., #{—yG 27 - Yes 361  [WEee e v cr<imm ATLAS-CONF-2017-080
Direct ¥ X1 prod., long-lived X7 Disapp. trk 1 jet Yes  36.1 _ mEEE)-mE))~160 MeV, 7(¥5)=0.2 ns 1712.02118
Direct ¥7X] prod., long-lived ¥1 dE/dx trk - Yes 184 | X 495 GeV m¥E)-m(¥3)~160 MeV, 7(¥5)<15 ns 1506.05332
S Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 850 GeV m(¥?)=100 GeV, 10 us<(3)<1000 s 1310.6584
S © stavle g R-hadron trk - - 3.2 1606.05129
T';,% Metastable g R-hadron dE/dx trk - - 3.2 m(¥})=100 GeV, 7>10 ns 1604.04520
S g Metastable g R-hadron, g—>qq/\7(1) displ. vix - Yes 32.8 7(8)=0.17 ns, m(¥}) = 100 GeV 1710.04901
= GMSB, stable 7, 12 -7z, f)+1(e, 1) 124 - - 19.1 537 GeV 10<tanB<50 1411.6795
GMSB, #)—yG, long-lived %7 2y - Yes 203 |R 440 GeV 1<7(#9)<3 ns, SPS8 model 1409.5542
» 38, Vi>eev/euv/upv displ. ee/ep/up - - 203 | 1.0 Tev 7 <cr(¥))< 740 mm, m(3)=1.3 TeV 1504.05162
0 Uur new- ST1CS ta ryage t [ e
:m(g), ctzsp<1 mm 1404.2500
- 13 TeV D 8 TeV >400GeV, A12#0 (k = 1,2) ATLAS-CONF-2016-075
LQ1(e)) x2 >0.2xm(¥7), 413320 1405.5086
i i B= =1075 GeV SUSY-2016-22
LQ1(e')+LQ:_g';([:,BO,;g coloron(jjx2 ] =1TeV, 112%0 1704.08493
i i) B= . - = 1 TeV, 233#0 :
evolve owaras more O s Leptoquarks Y — Multiiet e i
Llfgs;\(rg; zg 1 gluino(3j) x2 : R esonances —be/u)>20% 1710.05544
I I s'ng|el|-_%3;(‘22 ,(12) — | gluino(jjb) x2 :I <200GeV 1501.01325
] - il il L il
‘ ] ‘ 0 1 2 3 4 TeV
ADD (y+MET), nED=4, MD
RS (i), k=0.1 RS Gravitons ADD (jj), nED=4, MS
RS1 (W) k=0 1 QBH, nED=6, MD=4 TeV
RS1(ee,up), k=0.1 ] NR BH, nED=6, MD=4 TeV
0 1 2 3 4 Tev String Scale (jj)
QBH (jj), nED=4, MD=4 TeV |
. .
EXAMPLE: the SUSY we CMS Preliminary '
N ADD (ee,uy), nED=4, MS | LO rg e EXTrO
ADD (yy), nED=4, MS : D|mens|ons
n SSM Z'(t7) Jet Extinction Scale |
searc or toada 15 Vel iy
SSM Z'(ee)+Z'(up) TeV
SSM W'(jj) dijets, A+ LL/RR
' - - SSM W'(Iv) dijets, A- LL/RR
17TT7erent than wnat 1S 1hn oz =
0 1 2 3 4 5 TeV dimuons, A- LLIM
: dielectrons, A+ LLIM v o e'0%®
- . b .
l , A Tl A S CM S 7-D R armion oo, AtoM L Lnassanel European
. .
e* (M=A) Fermions single e, A HN\CM AL AL
' . et e o ® e
* (M= ) . ° e rch
t e S u c:M(qg\; single 1, A HnCM Compositeness edee Researc
' PR .
q* (y) f=1 inclusive jets, A+ “tee A Council
. .o
b* inclusive jets, A- .‘.‘.': B .. :: .,
“ o - ®.
3 0 1 2 3 4 5 6 Tev 012345678 910111213141516171819 TeV NN Ui
AR Y
CMS Exotica Physics Group Summary — ICHEP, 2016 * %%




Ul SUSY: @ moving target

® We started looking for mSugra-inspired
models. Thanks to large gluino and
squark cross sections, exclusions W
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became soon ver y Sstr Ong % o -7 | l[‘\i\"'"'l":---I\.if‘;‘_ \ | U\‘ l95°l/<,cl|. Iirlnits.uusgg"’, not included. -

% 900 = MALAS Prelin:inﬁfy’"“‘ ooy Qlopton 2.6 jets. =

£ C )' \!:dt=2o'1'20'7fb- ;\\";’:8“’ - - Expocted O-lepton, 7-10 jets -

® We then moved to Natural-SUSY : \ T Boe 01 lopton 3bets

. . 800 NS 1 \ === Observed  ATLAS-CONF-2013.061 —

scenarios, with focus on t and b B NN\ L L) L[ IoEee tepionajels e MET

a ‘- \ omeves Acow | —

saquar ks 700 : \ \ -~ Eveed 255 doptons, 0 3 biets

. . 600 - T

® We moved to simplified models as a F -7 ) sk | ]
generalization of search strategies sof| A= QS i m————

(with 100% BR assumptions) I e e W —

N e ST W= i W, S S =——r- kS py—

N\ \ \ | VT 1= e = = e . —

@ We recent 7y genera 7 ized S imp 7 7. f7. ed 300 1 | \:\\ | I | | \\\ll | I 1 ll\\ll | 1 I\l‘l | | | “l l | | l|‘ll 1 I lllll | | l—;'l
models to BR-1ndependent results y 00000 oS00 o000

. ....:.;.': ;-.:.;_' European

® And we extended model T1nterpretation
to large-dimensional scans (pMSSM) e;rc ——

yd|




Ul SUSY: @ moving target

® We started looking for mSugra-inspired

~

models. Thanks to large gluino and — §=—r-r==r=rrrrmmmmmmsmmnn e

squark cross sections, exclusions § - thy’
became soon very strong Y ——— SR —— SR -~ :
? bty b by’ § > it x°
® We then moved to Natural-SUSY o . N
scenarios, with focus on t and b § tRPX TR 9 oo
squarks l |7 TE——
Xpwx
@ We moved to simplified models as a ;(o—v
generalization of search strategies
(with 100% BR assumptions) Cm,,“‘s.n, /HW/ 5(/5)/
—7 J T
| | || || 0 N
® We recently generalized simplified - ! 7
models to BR-1ndependent results
. . H'OD tL)R)LL
® And we extended model T1nterpretation |
to large-dimensional scans (pMSSM) | N HOTC comar
5 20 -




Bl SUSY: 3 moving target

pp — gg 9 — tt X1 Moriond 2017

® We started looking for mSugra-inspired = T R
Prel/mlnar ]

models. Thanks to large gluino and S%W&_wmmwmé<> o
squark cross sections, exclusions = 0 Zsus 1607, e 4] mOvsenes
1400 — 2V 10-Vazs, 1-1e —

became soon very strong 0oL SUSAG041, tep -

® We then moved to Natural-SUSY
scenarios, with focus on t and b
squarks

| L1 L1 | | 2 L1
800 1000 1200 1400 1600 1800 2000 2200

®© We moved to simplified models as a
generalization of search strategies
(with 100% BR assumptions)

Higgsino LSP Model'ﬁ production, m(’f) = m(’)“(o)+5 GeV, m(x ) = m()'(1) +10 GeV, March 2018 m'(:j [G eV]

I IIIIIIIIIII|IIII|IlII|IIII|lIII|IIIIII_
—— Best Observed limit T, ~T 0L/1L

t
A LAS Pre“mmaFY—B st Observed limit T, =7 (large tan ) OL/AL

e Best Observed limit T, = T_ OL/1L

S 5005_ Vs =13 TeV, 36.1 fb’ 1 - Expecte dImtOL[17E)9.OFil183] _g
C All limits at 95% CL .vien Expected limit 1L [1711.11520] 3
450 :_ ATLAS higgsino exc lusion [1712.0811] _:
® We recently generalized simplified e S5 E
. 350 > I il L=b7t%, %W —
models to BR-1ndependent results ok I s R
- *\ TL,Z;me;|; tan B: (45,10,45)%
2505_ T, large tan B: (33,33,33)%
" . /NG T, (2550,25)% =
® And we extended model i1nterpretation =g il ] | e
. . 150 : _/l 4 : \ I.» = ;.:.:.:;'-:‘.'o'..'..' R h
to large-dimensional scans (pMSSM) I I . HEYC | couen
5 400 500 600 700 800 900 1000 1100 1200 mi )1 [%;)QV] '.-'.-'.-':?:;-::.:'-




cﬁiy
\\_/

® We started looking for mSugra-inspired
models. Thanks to large gluino and

squark cross sections, exclusions <
O,

became soon very strong B
ey
S

® We then moved to Natural-SUSY
scenarios, with focus on t and b
squarks

® We moved to simplified models as a
generalization of search strategies
(with 100% BR assumptions)

® We recently generalized simplified
models to BR-1ndependent results

® And we extended model T1nterpretation

to large-dimensional scans (pMSSM)
/

2000

1500

1000

500

0o 800 10

CMS 231" (13 TeV)

pp — §d, § — thy; / tt3, / bbX, (BR indep.)
—Observed + 16, m.-m, = 5 GeV
--:Expected £ 10 1

1
experiment

NLO+NLL exclusion

| =~

)

L1 e o -
00 1200 1400 1600 1800

SUSY: @ moving target

A

—h
<

107

95% CL upper limit on cross section [pb]

European
Research
Council



Ol SUSY: 3 moving target

® We started looking for mSugra-inspired ,p se
models. Thanks to large gluino and —

pMSSM:‘,Z?LSP

oA

T ] ) 1 ] 1 § ]' 1 ] 1] I

O
IS

. . S : ) 3
squark cross sections, exclusions 8 - (s=8 TeV, 20.3fb =
became soon very strong G 3000 = m(z,)=0 GeV [1405.7875] 0.8 2

E -

®

® We then moved to Natural-SUSY 1063
scenarios, with focus on t and b 2000 =
squarks E
O

B

o

.

® We moved to simplified models as a 1000

generalization of search strategies 0.2
(with 100% BR assumptions)
0 0
. . . 0 500 1000 1500 2000

® We recently generalized simplified

models to BR-independent results m(g) [GeV]

(a) All LSP types

® And we extended model interpretation

to large-dimensional scans (pMSSM) JHerc|on

8




[(New search tools

® Today’s BSM search today expanded 1n
many new directions

{s=13 TeV, 2016

. lllli]IIItlllli]III|lllli]llltlllli]lllllll

S---SlmuIatmn:::I?r:elfimilﬁazryzzzz5555555555555555551*2:;-“_

A
]

® Better identification of complex
objects (e.g., tau leptons, b-jets)

|— CSVv2

| [)(}EEF)(:E;\/ é:IIIIZZZ%IZIZIIﬂéIZ;}ffﬁﬁ"I"IZIIZ%ZIIZZZIQL'.ZIZII%IIZIIZ::

A
Q
—
1
»
: @
1

® New Standard Model candles (e.g., the

misid. probability

H1ggs boson) - cMVAv2 :
@ New reconstruction stra tegies (e. g., 107 555555555555:55555555555555:555555555555555?35z;e;?.;;}z’z?zz‘;w:;’z’f;;;555?555555555555555:55512::;55r'_;;:555555555555555555555555555555:555555555553

l)(:)C):STt:GE‘:! ;77€?'t:£;;> :IIIIII?IﬂﬂIIIIj:IIII;&%;Z%?I;@?IIIIIII?IIIII"f;I"Z_III?IIIIII@IIIIIII%IIIIII:

@ Better unde rs tanding Of the deteCtor 10_3 _Q.”..’.."—Udsg

é be tte r' SenS 7. t7. V7. ty to SO ft pa r’ti C 7 es Illll-ﬁlllilﬂ IIrII I1 -I ----- I|IIII1IIIIrIIII1 .I. R II
o 01 02 03 04 05 06 07 08 09 1
b-jet efficiency

® More and more exotic signatures:

displaced vertices, disappearing

tracks, heavy stable charged |
particles, etc are e
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[(New search tools

16 CMS 35.9 b (13 TeV)
® Today’s BSM search today expanded 1n >F B
1 1 141 — signal + bkg.
many new directions © gnal + bkg
-~ 12—
. . . . 9 10:— I *
® Better identification of complex N
objects (e.g., tau leptons, b-jets) L ) |
4 m [ ‘__‘ . | | o oo | 11 ‘w 1
® New Standard Model candles (e.g., the im e [ ¢l Lotes l
H-’ggs boson) O:“ L“_I [T A A T S L“J lL_l l“ 1“ _l“ Lol
110 12 130 140 150 160
. . m, [GeV]
® New reconstruction strategies (e.g., CMS 35.9 o' (13 TeV)
boosted ]ets) 101~ PP =%, %" = T %y + Koo %, — H G (100%) LMS-5US-16-045
- Mo =~M_, =Mg; mé=1 GeV
® Better understanding of the detector z | oL theor 10
s> better sensitivity to soft particles . o8% CLupperlimits
§ i —— Observed
] ] 3 - NE e Expected
® More and more exotic signatures: 3 4 B 65% expected
- . . . O r 95% expected
displaced vertices, disappearing I
tracks, heavy stable charged l |
part-l C7es’ etc o 50 200 '2e|50'_' '.'360' o a0 ":..e..rc 23?,2?"
10 Higgsino mass m520 [GeV]




[(New search tools

® Today’s BSM search today expanded 1n
many new directions

® Better identification of complex
objects (e.g., tau leptons, b-jets)

® New Standard Model candles (e.g., the
H1ggs boson)

® New reconstruction strategies (e.g.,
boosted jets)

® Better understanding of the detector
> better sensitivity to soft particles

® More and more exotic signatures:
displaced vertices, disappearing
tracks, heavy stable charged
particles, etc
11

Events / 7 GeV

Data/Sim.

1200
1000
800
600
400
200

—e— Data
tt (matched)

lllIlllllllll

LA PN L L
ATLAS Preliminary
det=20.3fb",\s=8TeV

HEPTopTagger, C/A R=1.5

ﬁ
=
S
o}
—
3
2
—_
O
g

_ [ Single top

llllllll

Syst. uncertainty
—— EXp. uncertainty
—— Mod. uncertainty

lllll LI |

—
E—

lllllllllllllllllllllllll

20 40 60 80 100120140160 180200 220 240

Top quark candidate mass [GeV]
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. e L
0.. O.

European
Research
Council



[(New search tools

® Today’s BSM search today expanded 1n CMS 33.2-35.9 fo (13 TeV)

- - 50 10

~+ ~

_ . _ 45|%, - Z* 7., X, > W* X, (BR=1), my: =(mzp+ms»)/2
® Better identification of complex - )
—Observed £ 16

- o o 40 theory N
Ob] ects (e. g., tau 7ept0n5 y b ]E'L'S) C:fsm - = Expected £ 1 O experiment ,

) [GeV]

X

® New Standard Model candles (e.g., the ¢ 35;_ !
H1ggs boson) 4 30%
® New reconstruction strategies (e.g., 29

boosted jets) 20

® Better understanding of the detector 15
> better sensitivity to soft particles

I|I|II|IIII|IIII,|II|||I

95% CL upper limit on cross section [pb]

10
I I I | 1 11 1 |/I,l 1 1 | L 1 1 I*'I (I | 1 1 l’lll 1 1 1 1 | 1 1| 1
100 110 120 130 140 150 160 170

® More and more exotic signatures:

displaced vertices, disappearing My [GeV]
tracks, heavy stable charged |
particles, etc v

12



[(New search tools

® Today’s BSM search today expanded 1n
many new directions

. . s neutral HSCP displaced B BSM
® Better identification of complex e dilepton i
objects (e.g., tau leptons, b-jets) photon
B anything
® New Standard Model candles (e.g., the dsppeaino o
Higgs boson) &eutirl i
® New reconstruction strategies (e.g., o
boosted jets) NG
. displaced : o ”’.‘ displaced
® Better understanding of the detector ot g PO
> better sensitivity to soft particles \;)
® More and more exotic signatures: displaced V' displaced O ey

displaced vertices, disappearing
tracks, heavy stable charged
particles, etc

13

conversion

European
Research
Council

e 0
.....
ooooo




Talk Qutline

® In the rest of this talk, I will give some highlight
example of how BSM searches @LHC evolved

@I will not discuss the 1mplications of LHCb anomalies
(dedicated flavor session)

@ I will then cover new strategies to extend our reach,
to give you a sense of what 1s happening and could
happen 1n the future

® CAVEAT: the picture 1s much broader than what I can
discuss 1n 30 minutes

14
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From heavy to llght

e
® ATLAS and CMS were designed VBN D Sewon Sowcion I T
(also) to probe the TeV scale .
.
® We did very well 1n searching 10
for TeV objects f
.
® Even 1f we often assume narrow 10
width, mass-peak searches have ¢ s
potential to wide resonances 5 .
%’O.-; ?‘Z
® Other techniques allow to 280s

probe wide resonances beyond 00 200 300 1000 200 ——
the bump-hunt scenario

G| Ewer
esee. Res
are e
Seset,
16 RS




ATLAS

- B Expected limit
{§=13 TeV, 36.1 b -Expectedito

-l Expected + 20

® ATLAS and CMS were designed W Eocess 20
(also) to probe the TeV scale .|

o B [pb]

® We did very well 1n searching
for TeV objects

10 s T s 2 s 3 es g M:?T 5
: reliminar 9 b’ e ©
® Even 1f we often assume narrow giog e B
width, mass-peak searches have <ot . —— ghonguon
potential to wide resonances — °TON . wekaek
. 107
® Other techniques allow to o
probe wide resonances beyond e N
the bump-hunt scenario 1oL B
L M- Sdere| e
17 Resonance Mass [TeV]




From heavy to light

19.7 b ‘(8 TeV)

10

i 3 rl """"" | L | | 1
® ATLAS and CMS were designed a | Cms >0.001% 3
(also) to probe the TeV scale % || . 5%
Qa [ o, / rM
. . . X . 4“ ;"’0
® We did very well in searching o | ‘\;1 | o
for TeV objects A\ '\ ~30% -
LS —-—
: 0% Kiﬁ?lu'.
® Even if we often assume narrow | A= SN ‘
width, mass-peak searches have NS =2
" " 10 E \'\_' - . .
potential to wide resonances ; S e
| CMS-EX0-12-059 -
10* 5000 2000 3000 4000 5000

® Other techniques allow to
probe wide resonances beyond
the bump-hunt scenario

qq resonance mass (GeV)

Factor ~5 sensitivity loss for

06 width. Still, some LD | European
S . eetee s -0 Researc
sensitivity retainec @ TC] counci
18 Srriate




lLlght Z2'—gg with ISR recoll

® Extending these searches to

. > _l | | L | | | lll | I | I L | | L L o l—
the small-mass/small-coupling S14F e psson TS _
regime implies dealing with 2 S :
tr-igger constra -ints 61.2__ I —— ((PFHT650 Il Fat750 1l HT750) & HT550/HT550

@) i
S [ ' ;
. = q{—-------- e, :
® To overcome this, analyses are N s -
moved to X+ISR final states 08 . : -
(e.g., jet, Y) e - :
0.6 L | ]
_ _ _ - . , \s=8TeV,L=19.71fb -
® Selecting high-pT ISR recoil . ' i <258 An<13 i
allows to use standard T  Wide Jets -
triggers 0o :» -
- - O—l | | L1 1 1 I | .| | | l:l | | Lt 11 | L1 1 1 | L1 11 | L1 1 I—
® Forcing the X-qq system 1n a 8 900 1000 1100 1200 1300 1400 _ 1500
. ljet
boosted regime allows better et Mass (GeV)
. These days, we run HT
S/B thanks to jet substructure triggers with threshold ~ i | s
C ._-JEV ‘:::.':..e...r c Council
19 SR




lght Z2'—gg with ISR recoll

® Extending these searches to

>
the sma 7 /- magss/sma 1 7 -coup l1ng § 140 ﬁ““s _‘ af}v"‘i"‘jms
regime mp lies c_iea l1ing with 2 120F we A — PRy
trigger constraints & o F Jetchanne ags;f‘g::m et
[_] Bkg. syst. uncert.
® To overcome this, analyses are | :
moved to X+ISR final states »°
(e.g., jet, Y) 0
20

® Selecting high-pT ISR reco1il 0
allows to use standard
triggers

['TTTT"T[IT"TITT"ITTT"!TTT[_

® Forcing the X-qq system 1n a
boosted regime allows better

Data - background est.

-LlllA-llllA-illl

S/B thanks to jet substructure 5 & 70 8 % 100 110
Large-R jet mass [GeV]
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lLlght Z2'—gg with ISR recoll

CMSs-eXx0-17-001

35.9 b (13 TeV)

® Extending these searches to

35.9fb" (13 TeV)
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lLlght Z2'—gg with ISR recoll

35.9fb' (13 TeV)
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® With muons, one can even go © ECMs  — Sonaimodel  — Big.mode
lower in momentum, exploiting o e tpangy el
multiple production A e
mechanisms (e.g., for dark & Aa=a)Ba=20 =m,m,
photons) F  CcMs-HIG-17-029
:
® at ATLAS/CMS, Tooking for 4
pair production, production :
from H decays, etc TR T T L Gey)
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® at LHCb, looking for prompt £ ok mma Tt cay o XX 4L
production, thanks to S T :
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capabilities, and the § §§ §
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Dark Photons

35.9 fb' (13 TeV

® With muons, one can even go ;;M CMS ; e § b
lower in momentum, exploiting ges™™™ = o1& 1
multiple production 5 of
mechanisms (e.g., for dark if
photons) £
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@ at ATLAS/CMS, looking for
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.................... h—aa—Tttt (8 TeV)
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Dark Photons

® With muons, one can even go T w g@g%V§ i o | o

lower 1n momentum, exploiting = A\ i | | prompt ity
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multiple production 5 ——— — A
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mechanisms (e.g., for dark 253 \\\‘““*uq*wfa
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LUUJhat a LLP looks like i1n 8 detector

® Signatures can be very |- neutral o displaced —ey
trick chargeo dilepton M lepton
y e Ny Charge W quark
photon
. . . thi
® Depending on the Iifetime, W anything

different detector disappearing X /" displaced

components are involved frack p epton
® Some of these detectors
cannot be operated 1n L1
trigger (and sometimes
also at HLT) |
displaced displacead
dijet photon
® Trigger can be a
challenge _
_ displaced v fisplaced Not pictured:
® More than one analysis vertex conversion out of time decays
1S needed for a given .
model, depending on the Curopenn
parameter space . eJ‘C




LUUJhat a LLP looks like i1n 8 detector

. N eg. <By>~30,ct =10cm
® Signatures can be very @
tricky L. Calorimeter Muon Spectrometer
o 45% 22%

® Depending on the 11ifetime,

Outside ATLAS - 3%

O\O
different detector X
components are i1nvolved g
S
® Some of these detectors im 4m | 10m
cannot be operated in L1 Distance Travelled
trigger (and sometimes > 90F ot compres 7o 71200119 - ) 20 )
a 750 a t HL T) SDI_I\ 20 B 'II_'Ir_:meP:rjiEc:r:Irue((jj?g[ion for pure Higgsino ]
"~ 1oL \ _
. e C
® Trigger can be a g 5 F B :
chal lenge < ‘ " ATLAS Preliminary
2 Vs=13TeV, 36.1 b~
. 1E prfégﬁ,igf?,ﬁi?,ﬁi? (Higgsino) __
® More than one analysis 05k e b :
1s needed for a given B ——
1 02 R T T T R R R N T S ..---° European
mode 7 dep end1ng on the 80 100 120 140 160 180 200 erc Research
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Displaced Jets

CMS Preliminary (1 3 TeV)
® Reconstruction of displaced jetsg ] CMS-EXO-16-003
has very specific challenges z | _ ”
107 'k XX4) 'n:-J;;G;'J 1 =30mm - o cay
® physics background from b and Spesonueu BN
T jets 1072 QcD 120 170 § ~—
: . . 107
® Projective geometry of the jet | . L
. . 0 10 20 30 40 50 60
compromised (problematic e.g. 1ot Median 2D [P
for association of tracks to = [wET 26ﬁpamw_
. . . & t tt*, t ]
jets in particle flow) E | == observed fpﬁsm ” : q
~— = EXpeCted 1 Gexperiment
= 10° - 10° X
¥ X

® Displacement exploitable 1n
trigger only starting from HLT

® Despite these difficulties,
several analyses exist that
probe this scenario. Example:
inclusive search for displaced-

6 x B? upper limit at 95% CL [fb]
o
o

—
o

- .,..:...- European
1 . . * :::-.:.0 200 Resea fch
Jjets events 400 600 800 1000 1200 | erc wounet
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Displaced Vertlces

;‘ rFrr7rJ]J M LN L B B [

® For smaller lifetimes, displacement (3 ATLAS R
becomes typically small C ay Jrpidigimcid™ P
All limits at 95% CL Exp limit (£10,,,) -

25001 g~-'(](:)(.1 =1ns _3

® NP particles
would decay 1n

-
-

2000}
-
-

the 1nner tracker g ATLAS | oewmmratend | 4
S 10L-15=13Tev, L=32.8 fb™! =23 BXp Imit (+1.26,,.) 1000} =
. ©  FAl limits at 95% CL Obs limit (m_=2.0 TeV) E 3
® can use pixel g  G-aq’, AM=100 GeV [ epumteioo) 1 sool CERN-EP-2017-202 .;
" " 1 1 g
vertexing 1n ° E SRR Y
o = 1400 1600 1800 2000 2200 2400
all 1ts power %,,o s i iy m, (GeV]
® i?ave phys 1CS- §103 om"(bb'—vbﬁ)fr;\;:z'olrev
1nduced SM
backgrounds to 10+ ;
" -3 2 -1 o0F ieeele
deal with . Bl e
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Disgppearing Tracks

® Disappearing tracks happen when Very clean signature->can be ~
background-free search

® the LLP comes with charge

est. event count

run period leptoni fake tracks total — observation
: : . 2015 0.12705% £0.01  0FJ9700B 0.127 50870 1
@ 1t decays to an 1nvisible 2016B+C  199+042+011 038+019°041 238+ %ﬁé’%ﬁ 2
1 2016D-H 307+063+022 091+035+091 398+0.71" 4
pa reic 7 € total 518£0.76 025 13+04+£1.0 6.48 1 0.86 :(t)314.03 7
® the mass difference is small o 0g LR pdon  tar=5.u>0
(1.e., any other decay product : "
- 3k RS 554 mm
1S undetectable) 2 CERN-EP-2017-179 -
| = E N 200 mm
® Can be exploited with different odf- - [ -
detectors, depending on lifetime — [ s ] mnt mez R
a7 ATLAS )
y . : . el (5=13TeV, 36.11b"
® That’s why 1t 1s 1mportant to go oosf = Oboerved 06% CL Uit 1 O )
closer and closer to the beam 000} e Tcory Phoye, Lot 8731 (01 282 -
R T Pl Bt B SRS | penen
007500 200 300 400 500 enolg et T C| counci
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@ Relnterpreting Prompt Searches

. CMS 35.9 fb” (13 TeV) CMS 35.9 fb (13 TeV)
@ Prompt ana 7y5e5 are Sens 7 t7 Ve '?: 1800] pp <+ 3G, T — qT 1° NLO+NLL exclusion q .?: 1800| PP = 93,3 —» qT@ 17 NLO+NLL exclusion r] o)
» u ct, =100 um Ct,=1m -
to Sma77 d75p7aCementS (7 - €. J %1600 EOObservedi1om 51 %.1600 EOObservedilom & o
to sma 7 7 7 _i _I:et_ime) = 1400_5§Emeded +1and 20, ..o _ : E 00| Z22Expected £ 1and 2 6 pemens g
12005 3 1200f &
" - < 1 <10 - <107 G
. . . . . e . 1 3 1000 c
® This 1s why some traditional : SR : =
prompt analysis was recasted : % : .3
. . . 1 <10 EE o
to long-11ving particle , -
scenarios 3 i . i 2

e o 14001600%% 10 00" 800 1000 1200 1400 1600 1800 20002200 0
: : my [GeV]
® The result is already good in mriGey “

. . 'IC _ CMS 35.9fb" (13 TeV) _ CMS 35.9fb" (13 TeV)
prOb 7 ng 7a rge po rt 7 On O % 1800] PP > 99,9 > qgX? NLO+NLL exclusion g % 1800| PP > 99,9 > qgx® NLO+NLL exclusion
parameter space = 1600| ==Observed £ 10, 11 s 2 oo0| mobserved 1o, <

= 1400 -=:Expected + 1 and 2 6, oo - § = 1400 -=:Expected + 1and 2 6, oo
® The deterioration of e e TR e
sensitivity with 1lifetime 1is ool A4 110 a00] E
less pronounced than what 600 1 e oo 3 0
would expect S 1z ok =)k 1
=T g()_(l) | é(l)()l 1IO(;O..I1é(;IO14|OO160018|002I0002200i 10° > ((S)O_OI | EIB(;OI 1:O|O:IO;I280I140I016|OOI1I806I20|OI()2200. 10°
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Searching for Mew Physics
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The Trigger Problem

® Too many data, too large data » need to filter online

® F1lters based on pheno bias: we might be loosing good events

100 KHz

L1 trigger: local, hardware based, on FPGA, @experiment site
HLT: local/global, software based, on CPU, @experiment site
Offline: global, software based, on CPU, @CERN T0O

Analysis: user-specific applications running on the grid L | Eropear

vV vV VvV Vv




Dol more wlth less

100 KH=z 1T KHz
1MB/evt
1/300 the
S events size
ﬁ@/\@/ X6 maore events

Real-time new physics search with large datasets

® Run reconstruction in the trigger farm

® Avoid resource Ilimitations: write less 1nformation (a few
floats) for more events

® Probes unexplored territory, previously left behind

Problem: practical (so far) only for specific topologies
35




&) LWJhy did we do this?

@ In Run I, dijet search was the first BSM analysis published by CMS
® Quick 1mproved results from Tevatron 1n a wide range of mass spectra

® Quickly forced to reduce mass range under investigation, due to
1ncreasing trigger rates vs limited resources

® Scouting was 1ntroduced to recover the lost territory (500 to 1100 GeV)

3 pbl@E7 TeV in 2010 1 b 57 TeV ln ED'H

. [ T | T T T T | ] s 10 ll__l rfrrrrJrrrryrrrrrrrrrrrrrrrrrr1
10" & —e— CMS Data (2.9 pb™) = 8 : —®— CMS (1.0 fbr )
¥ — Fit . = — Ft
10° 7 10% JES Uncertainty . ﬁ._ L] 2 " — QCD Pythia + CMS Simulation
------ QCD Pythia + CMS Simulation = = L JES Uncertainty
2 : | 10" S(1.8TeV) . ... gxci
102 &= \W\  --- Excited Quark — 'E 0 - Excited Quark
\ — - String \s=7TeV 3 .8 o - - String Resonance
% 10 & "“;_‘ A Ml <25&|ANn|<1.3 —= 10* = .
AN ~ - E S (2.6 TeV
: N 57 : st NSe™
2 1 NI = 10° KPPL, - 3
c q* (0.5 TeV) = - - 3
S ; -
S 107 10 e E
© = - * " =
= \s=7TeV SR oL R 3
10'2 = 10° ; ml <2.5, 1Ayl < 1.3 ;
"""""" E  Wide Jets 3
10'3_ 8 E ‘-..-...
S S | European
4L i = . '.'-.:°.'.°“‘ . Research
10 L | LTI I B g) 2E = . ::::‘.‘:erc Council
P " ‘.o... .
500 1000 1500 2000 n 1000 1500 2000 2500 3000 3500 4000 e ;:..',-:g.:,'::
Dijet Mass (GeV) 36 Dijet Mass (GeV) RS




—~

CERN

The first attempt

Ev. <Size> kB
518.8 [346.6]

26/10/11
Wed 23:01:26

PROTON PHYSICS
STABLE BEAMS

Beam setup & DCS states history

r

DAQ state
Running

Run Number
179959

Data to Surface
Sub-System

TRG
CSC
DAQ
DOM
DT
ECAL
ES
HCAL
HFLUMI
PIXEL
RPC
SCAL

TRACKER

CASTOR

o

--

State
Running

- Running
| Running

| Running

]
{ pa—

i
i

- ';J

= = =

|
N3
R
i
| St |

Running
Running
Running
Running

" Running
' Running
" Running
' Running
' Running
' Running

FRL FED

Lv1 rate

85.516 kHz

Stream

SM streams
Rate (Hz)

No.Events

DeadTime(AB)
4.136 %

BnW (MB/s)

Stream A
401.31 Hz

Data Flow

HLT <CPU>
76.78 %

3

NanoDST

8.142E+6

8

302.33

15.99

ALCAPO

6.214E+6

6

576.29

13.25

#LS

ALCALUMIPI

937.883E+3

511.07

21.34

ALCAPHISYM

890.653E+3

484.61

341

PhysicsDST

741.287E+3

716.37

5.44

A

205.483E+3

401.31

136.01

Calibration

177.867E+3

97.28

3.44

EcalCalibrati

177.866E+3

97.25

2.60

RPCMON

153.959E+3

224.18

4.06

Express

17.201E+3

31.20

10.53

HLTMON

2.837E+3

4.59

1.83

TrackerCalib

1.273E+3

48.82

0.76

FaultyEvents

0.000E+0

0.00

0.00

Error

0.000E+0

0.00

0.00

LHC mode: PROTON PHYSICS, STABLE BEAMS

DeadTime(AB)
CPU usage

<Accepted>

Rate

Stored events

Rate (kHz)

10-

AFFIET - ..-.... L L e oo oo ot

|

Seense

<~ 17995C puEEEEEEEEEEEN

17995 puEEEEEEEEEEEN

-

0-
21:01:26 21:11:26 21:21:26 21:31:26 21:41:26
26/10/11  26/10/11 26/10/11 26/10/11 26/10/11

UTC time 26/10/11 21:01:26

21:51:26
26/10/11

22:01:26

26/10/11

22:11:26

26/10/11

Local time: Geneva 23:01, Los Angeles 14:01, Chicago 16:01, Moscow 01:01, Beijing 06:01

22:21:26
26/10/11

22:31:26
26/10/11

22:41:26
26/10/11

22:51:26

26/10/11

-0.0%

23:01:25
26/10/11

====-100.0% 2E+7

1.8E+7

1.4E+7

1.2E+7

1E+7

SIUIAI PAI0IS

8E+6

bE+6

4E+6

2E+6

OE+0

Jcdaq/physics/Run2011/5e33/v2.2/HLT/V2

79

PreScalelndex
1

#Lv1(GT)
Lvl Rate

Pending Lvl

109869
#Frag. in RU

Max 674
448

Min

LHC RAMPING OFF
PreShower HV ON
Tracker HV ON
Pixel HV ON
Phvsics DECLARED

84773130
85.795 kHz

BnW (MB/s)
4.35E+4

Events in BU

280
<Bv.> 0.3

Pending Req.
24520

<#P> 245
#Running FUs

10327
100.00%

L

-.—.-—F.-.-—

A

BnW MB/s> Disks usage lO..lDD %

406.71 Hz

Random ON
Physics ON
CalibCyc ON

62 FEDCRC

FBl occ. %

Max 7
Min 0
FBO
Max 33
Min 0

EvSize (kB)
518.2

Rceiv.~Disc.
23520

<Time/Ev.>
86.2
103
<FU-CPU>
76.8%
0100
<SM-CPU>

223
EventRate Hz
17739.7

395 %
Free space TB
226.1

Stored

me T

18087730

U IvV-CZCuUl

TIERO_TRANSFER_ON




The first asttempt
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Ol UJhaot we accomgllshed

27 b (13 TeV)
® Recovered %‘ 10° ¢ Data
sensitivity to 500 S o — Fit
GeV resonances =T gg (0.75 TeV)
= 10* -qg (1.20 TeV)
o _ = .- qq (1.60 TeV)
® Reached Ili1mitation B 10°
©
of L1 seed-> need to

1mprove our hardware
trigger (more on
this later)

-
N
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® Now extending the
method to more final
states (collected x3
more data than the

rest of CMS 1n 2017)

(Data-Fit)
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® Kept sensitivity
to 500-1500 GeV
resonances

® Current
limitation 1s L1
efficiency

® Can probe lower
couplings by
collecting more
data
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LUJhat we accomplished
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Ol UJhaot we accomgllshed

@ B bt

S 0. 2: ATLAS 95% CL upper I|m|ts =

® Kept sensitivity  gigF o~ o1 . TLA Observed E
to 500-1500 GeV - TLA E ted (+ 1-2 =
0.16F- 36fb ' | 29.3f0 xpected (x 1-20) -

resonances n —— Dijet Observed -
0.14 |y*| < 0.3 | |y*| < 0.6 —

® Current 0.12EF =
limitation 1s L1 = .
.. 0.1F —
efficiency = —
0.081 =

® Can probe lower 0.06F —
couplings by 004l -
collecting more 0025 -
data 400 600 800 1000 1200 1400 1600 1800 2000

4]



International Journal of High-Energy Physics

Sign in | Forgotten your password? | Sign up

Available on the CERN CDS information server

CMS PAS EXO-11-094

CMmS, 26/10/11
// /10/
~\| Wed 23:01:26

=
———

Beam setup & DCS states history

DeadTime(AB) |... e

CPU usage i

<Accepted> |.. i

Rate 1

Stored events |FLIFL

Rate (kHz)

26/ 1

PROTON PHYSICS
STABLE BEAMS

21:01:2

physicsweb
FREE WEBINAR

Latest Issue | Archive | Jobs | Links | Buyer's guide | White papers | Events | Contact us

LATEST CERN COURIER CERN COURIER

RaySearch ‘}—

Laboratories |

Search Go

CMS Physics Analysis Summary

_——
DIGITAL EDITION

ARTICLES Nov 13,2015 CERN Courier is now
» Beams back in LHC for final phase € MS data-scouting and a search for low-mass  22ilable as a regular digital
of Run 2 edition. Click here to read
dijet resonances ey
» DESY sets out vision for the o the digital edition.
future Proton beams crossed inside each of the CMS and

CMS

» Gamma-ray lasing ATLAS detectors 20 million times a second during

» First hints of ultra-rare kaon the 2012 LHC proton—proton run. However, the

decay

Corgamt Vv b wmd

physics programme of CMS is based on only a
» Antihydrogen spectroscopy enters

small subset of these crossings, corresponding to

*ls ] ala¥s

Ev. <Size> kB
518.8 [346.6]

HLT <CPU>
76.78 %

Stream A
401.31 Hz

DeadTime(AB)
4.136 %

Lv1l rate
85.516 kHz

Run Number
179959

DAQ state
Running

Data to Surface SM streams Data Flow

Sub-System State FRL FED IN Stream No.Events Rate (Hz) BnW (MB/s)

TRG [l Running fcdaq/physics/R 2/HLT/V2
€sC [ Running As[ 79 | R Random ON
DAQ [l Running Physics ON
baM [ Running 341 CalibCyc ON
oT Bl Running
ECAL il Running 136.01
ES ¥ Running 44
HCAL I Running
HFLUMI Bl Running
PIXEL Il Running
RPC I Running
SCAL [l Running
TRACKER J Running
CASTOR - Running

LHC mode: PROTON

PreScalelndex
#Lv1(GT)
Lvl Rate

62 FEDCRC

0 1053
OE+0 [ 0.00]
[ 0.00]

{YSICS, STABLE BEAMS

Events in BU

<BEv.> 0.3

Pending Req.

SIUIAR PAI0IS

EventRate Hz
17739.7

Stored

Free space TB

Moscow 01:01, Beijing 06:01

42

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP/2016-090
S @ 2018/05/15

- ll=1

A\

1

CMS-EXO-14-005

C
R
—

am

Search for narrow resonances in dijet final states at
V/s = 8 TeV with the novel CMS technique of data scouting

The CMS Collaboration*

Abstract

A search for narrow resonances decaying into dijet final states is performed on data
from proton-proton collisions at a center-of-mass energy of 8 TeV, corresponding to an
integrated luminosity of 18.8 fb ™. The data were collected with the CMS detector us-
ing a novel technique called data scouting, in which the information associated with
these selected events is much reduced, permitting collection of larger data samples.
This technique enables CMS to record events containing jets at a rate of 1kHz, by
collecting the data from the high-level-trigger system. In this way, the sensitivity to
low-mass resonances is increased significantly, allowing previously inaccessible cou-
plings of new resonances to quarks and gluons to be probed. The resulting dijet mass
distribution yields no evidence of narrow resonances. Upper limits are presented
on the resonance cross sections as a function of mass, and compared with a variety
of models predicting narrow resonances. The limits are translated into upper limits
on the coupling of a leptophobic resonance Z’B to quarks, improving on the results
obtained by previous experiments for the mass range from 500 to 800 GeV.

Submitted to Physical Review Letters

arXiv:1604.08907v1 [hep-ex] 29 Apr 2016

Contact: cms-pag-conveners-exotica@cern.ch

2012/07/11

Search for Narrow Resonances using the Dijet Mass
Qnantrim in pp Collisions at /s = 7 TeV

The CMS Collaboration

Abstract

i new particles decaying to a pair of jets in pp collisions at
ample for events with dijet invariant mass above (.9 TeV cor-
ted luminosity of 5fb ! collected by the CMS detector at the
1d the sensitivity in the 0.6-0.9 TeV range, a complementary
rformed employing a special dataset with reduced event con-
an integrated luminosity of 0.13 fb ' and collected in the last
iking period. We set sped fic lower limits on the mass of string
arks, axigluons, colorons, s8 resonances, E, diquarks, W’ and
itons in the 0643 TeV range, most of which extend previous
2t mass search technique.
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[N established spproach

® CMS uses Scouting since 2011 and now extended 1t to other
final states

® LHCb planned during Run I a gradual move to online
processing for the full physics program (TurboStream + HLT
upgrade for Run III)

® ATLAS 1s producing trigger-level analyses since 2015
(start of Run II)

® ALICE 1s also moving to a real-time processing for Run III

A direction to explore \n order to push
sensttivity to new physics beyond the current

technical limitations
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Conclusions

® BSM searches deeply evolved since the LHC started

® With stringent bounds being put with early data, new analyses focused on more
complicated scenarios

® l1ght resonances
® weak couplings
® exotic signatures

® So far, we manage to sustain the increasing challenges of the LHC experimental
environment

® recovered lost territory with new ideas (e.g., scouting)

@ not clear what will happen 1n the future (HL-LHC poses clear problems with
scaling current techniques vs. foreseen computing power)

® LHCb flavor anomalies are opening the possibility to surprises

® Synergy between direct searches and 1ndirect constraints
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® Focus even more than 1n the past on 3rd generation
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(1o New physics: surprised?

Feb 2014 CMS Preliminary

® New physics at high scale could ¥ | T oS e <500) -
also be probed using quantum ° R b T—— 1
effects 2ET . E
SR L m L E
® heavy particles could “run” in S*wf - 7 T. @ . E
the loops and shift g 10 DT e B |
observables vs SM expectation ¢ if ) " T4
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® Th1s can happen at many levels P m e n
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® Higgs couplings
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pre-ULHC knowledge

® This approach was extensively used before =

LHC <

10

5

@ I no deviation observed » lower bound on

new physics energy scale Z
® e.g. Flavor physics (0(10) measurements i?
for 4 parameters) :

UTsit
summeri6
NP fit
full| o
CB 62i¢3q_ <Bq Helflf Bi(J>
q (By| H B,)
_20:...I...I...I...I...I...I...I...I...I...

O 02 04 06 08 1 12 14 16 18 2

-t
()
S

R —h
o <
T T T T TTTTH T TTTT T TTTTT T T T [

—
o
N

48

<107 S . S i

> Generic Flavor structure > | [mrec.j Standard Model coupllnds
- ] = 10°E K ]

—10°E for New Physics = for NewgPhysics

Q9 o |

© 5 [y N

@ 10 ®

o o 10

= <

European
Research
Council



pre-UHC knowledge

® Thi1s approach was extensively used before
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® If no deviation observed » lower bound on °
new physics energy scale
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pre-ULHC knowledge

The LHC outcome (so far) was
the most probable thing to
expect
But the next 10 years will push
UsS INto Nnew territory
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® LHCb reported very interesting
anomalies, questioning lepton 0sk :
universality = I 5

® 1.HChH

1.0 :_ ........................................................ e e _:

R I-\"*O
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. . . . . 0.4 Y CDHMV ]

® A confirmation at 50 significance . mpos
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® Not all anomalies necessarily point toO |
the same new-physics scale TR
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Implications for ATLAS asnd CMS

® This 1s pushing ATLAS and CMS to 1nvestigate more 3rd-
generation final states

® Much of these final states are already searched for

® Other bounds can be obtain re-interpreting existing analyses
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Z' Searches

® Z’ searches to tt final
states already looked for (in
the context of heavy Higgs
searches)

o __ ¢=h/A/H

Y b

10

| [ I

ATLAS Vs=13TeV, 36.1 fb! e Data

] Multijet
ThadThad b tag Z/}/*%TT
B W-tv
Top

Others

Events / GeV

® Production 1n association
with bb also part of this
mode |

== A/H (300)
== A/H (500)
== A/H (800)
7z, Uncertainty

.
<
IIIII|_L

® Direct translation of the
result 1n terms of the Z’
advocated for flavor anomaly

—N
<
N

® Strong bound derived here,
but much more data (and more
collision energy?) needed to
push search at tens of TeV

700
m [GeV]

200 300 400 500

Significance
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Z Searches

® Z’ searches to tt final

E._ ATLAS ]ATLAS 2015 -o-Observed
states already looked for (in  10F s-mTev.seim’ = <o --Eﬁpecteo?
the context of heavy Higgs © S Tia -
searches) ‘T % -

x E

® Production 1n association % i // -
with bb also part of this © I _
mode | 10 _
® Direct translation of the i -

result 1n terms of the Z’ 2
10
advocated for flavor anomaly

L 1 I I1ll

® Strong bound derived here, 1000 2000 3000 4000
but much more data (and more m,, [GeV]
coll1sion energy?) needed to
push search at tens of TeV HETC cowen

== CERM-EP-2017-199




L_eptoqquarks

i CMS Preliminary 35.9 b (13 TeV)
® Leptoquarks extensively searched for < : =
in Run I - - H.>1500GeV ~ —@— Data -
% - 4-6], 2b Multijet i
q) 2 [ -
® Full exploration ongoing with Run II 5 '°¢ Lost lepton -
da ta B Z —> VvV _
I pp - LQLQ,, LQ, >tV -
. . . m ~ = 1500 GeV
® In this sense, reinterpretation/ 10 -,
adaptation of SUSY searches 1s
ushing sensitivity forward
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L_eptoqquarks

] [0 CMS -rreliminary 35.9fb" (13 TeV)
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