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Introduction

Rare and BSM decays at ATLAS Rare and BSM decays at CMS
- h - uu - h = invisible (VBF)

- h > invisible (+ Z - 1) - h - invisible (+ Z - (1)

- h—>Zy - h — invisible (+ V(jj), monojet)

- h = oy, py - LFV Higgs decays

- tt > Wb+ q(H - yy)

h - aa — 4t,2u2t,2u2b

- h>Z274,24Z,4 aa — 4l
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i Introduction GATLAS

* BSM decays of SM particles an integral part of the search for new g ‘ '
phenomena at the LHC ‘g -
e £ 10 4
* Deviations from SM prediction in rare decays would be a very strong %1
indication for underlying non-SM physics
10%F
* Many different models predict rare/BSM decays of SM particles, such as -
Higgs portal to DM, 2HDM(+S), extra dimensions, composite Higgs

-3 = RS UM s ol N ]y L
107100 120 140 160 180, 200
* Large number of searches, | will focus on the results from ~ the past M, [GeV]
year from each experiment
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ES "’g UPPSALA h ( 1/2) @AWLAQ
‘& o\\ 7/l UNIVERSITET ﬁ
I"l l"l Phys. Rev. Lett. 119 (2017) 051802 XPERIMENT

Selection overview O P S VOO N NS S
E % ATLAS ~+-Data —ggF x 100 %
g 1P \s=13TeV,36.1 fb [Jorell-Yan — VBF x 100
* Single muon triggers (26 GeV isolated or 50 GeV muon) 5 - STOP Vi 100 5=
w Diboson
. 10° =
* Two OS muons, E7"*> < 80 GeV, 110 < m,, < 160 GeV, no b-tagged = =
jets 10 =
* Events with N;, = 2 are passed through a multivariate discriminant. Two 103; _;
VBF categories (0.7 < BDTscore< 0.9 and BDTscore > 0.9) are defined. = =
10° B8 E
* Events with fewer jets or lower score are sorted into 6 ggF categories: o B T T =
% 1:22: :g
3 p7"' ranges X 2 pseudo-rapidity regions (central and forward) C T o) TR =
0'166 R R T R e PToR FT- S R [
m,, [GeV]
L =36.1fb?
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.051802

h - uu (2/2) sl

BRI T
L ATLAS

* Observed (expected) 95% CL upper limit on signal strength 5* Sl *
set at 3.0 (3.1) times SM 20f Sam e -

* Limit driven by statistical uncertainty (systematic uncertainty A N 5. .03
90 ; . o 3

has ~2.2% impact on limit) pE 7§;++ bt +¢;++*+ MH MHW%

. . . m,, [GeV]

* Result combined with Run-1 ATLAS data, signal strength e ;
upper limit set at 2.8 (2.9) times SM T e

% B x2/ndof = 32.6/48 a0

: 80—_ —e— Data i

Background model 7|

' Signal x 20 —

* Improves on earlier CMS Run-1 result that set limit at 7.4
times SM

* CMS and ATLAS performed a combination in this channel,

giving a best-fit value of the signal strength of 0.1 times SM «; _ ;§++—+—++—+-+-+-+-*++-++++++++-ﬁ-;;++*++;++-¥+++-+++-*+++++-+-¢{§
110115750 125130 135 140 145 15'omﬂ1ﬂé[5ée\1/:§,o
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-007/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-007/

Y h—-Z(- )y (1/2) QATLAS

XPERIMENT

arXiv:1708.00212

: : — -1
Selection overview L=36.1fb
— 030 R EEE .
S - ATLAS Slmulatlon .
8 0.25- Vs=13TeV —-No corrections
* Single lepton and dilepton triggers. Require 2 same-flavor OS isolated leptons (e or u) & [ opeoHoZy Zow o =FSRandm, o
and at least one photon £ 02-m=125Gev w7 constEmt -
* A constrained kinematic fit is applied to re-compute the momenta of the lepton pairs Z0.15- S - E
using the expected Z boson lineshape. An FSR correction also applied to lower m, uu < 0 15_ o ‘. E
events T E X E
* Search is split into a low mass category for Higgs decays (115 < my, < 170 GeV) 0.051- ey e g
and a high-mass resonance search (200 < my, < 2500 GeV) 91M0 TR "‘1‘238“ ,,.1%5
* The h = Zy search is sub-divided into 6 categories: my, [GeV]
1. VBF-enriched: events with at least 2 jets that score highly with a dedicated VBF BDT
2. High relative py: events with a high pT photon (—L > 0. 4) < 0-0092—'2\&"!.':45”” S o —
mzy 8 0.008F 5= 13TeV, 36.1 " Z+y =
3. High ee pr¢: pre > 40 GeV 20,0075 Nes 22 B Z+jets E
. ' E 115 GeV <m,, <170 GeV —— VBF m, = 125 GeV 3
4. Low ee Pre: Pt < 40 GeV % 00065_ + ggF m =125 GEV_E
5. High pp pre: pre > 40 GeV S 0.005 .42 =
F o I
6. Low uu pre: pre < 40 GeV < 0.004-% 4 E
- _ 0.003F % =
, where pr; is the component of pT perpendicular to p, — py and highly correlated 0.0020 %, E
to pTV but with better experimental resolution 0.001 S, E
* The high-mass search divided into ee and uu categories % 500 400 B00 TBO0 %00
m; [GeV]
08/26/17 P. de Bruin 6



http://arxiv.org/abs/arXiv:1708.00212

h - Z(—) ll)‘y (2/2) QATLAS

* Low pT uu category gives strongest contribution to Higgs search
* No evidencefor h/X — Zy decays is observed, and 95% CL upper limitson a(pp — h) - B(h — Zy) is set at 6.6
times the SM prediction for m;, = 125 GeV and as a function of my

* Improves upon earlier CMS Run-1 result with observed limit of 9.5 times SM prediction

E “ATLAS | 4 o 1 2 - ATLAS T Gpeerved ] E 10'F "ATLAS
21000 Vs=13TeV, 361"  — Back 4it - m LA F fs=13TeV, 36.1 fb”
@ Cuwlowp rremanze ] x 10 (5=13TeV, 361 fb” Expected =  R10°s un
) " " 1 b - + 1 std. dev. 3 & -
O 80042 m, =125 GeV — - gg— X— Zy - m 2 102
7 L 1 5 - + 2 std. dev . c 10
- 600:— E .g ) - Jy=0,NWA ___ Observed from | L%} 1[)?—
- 1 £ 1% ensemble tests = -
400~ 41 5 i Expected from 3 1L
C ¢ 2 i ensemble tests  _ 1? o
C q1 D - 10 g —~Daia
200~ 1 7 10 = Tes = F = Background fit
B . 1 O = . 2
- 0....T'ﬁ:?‘.‘:ffff:f:ff::Zf.'.lifﬁf 32 - . m104? .
50~ 4 ¢y ¢ R - T e oL :
1 O + 1 | — 8 0
% -501 ++ + t + i = . Loy E E} 5 _h'l —— u“‘l‘“lh"' L
2 3 3 3 2 _4 ey _—
O 1157920 125 130 135 140 145 150 3x10 10 2<10° 3x10° @ 33107 10° 2x10°
m;, [GeV] m, [GeV] m;., [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-006/index.html

Gy e h,Z — ¢y, py (1/2) QATLAS
& ) ) ATLAS-CONF-2017-057 -2-EXPERIMENT

L = 35.6 fb!
: : : ESGDGZ_I.;:}LIAISIPI I|'I ray Dt ]
* Probes Higgs coupling to light quarks ok ATLAS Preliminary _?TF‘Z'EL o
= - == Total Backgroun b
 Thep »n*n™ (¢ > K*K™) decay is used to reconstruct the p (¢) = 2000k E
éﬁ[ﬁﬂ_ -
i : Ummz e i g
Selection overview - ]
500F =
* Dedicated triggers that require a photon with p;y > 35 GeV and a pair of - . . . . ,

isolated ID tracks with p7 > 15 GeV and invariant mass consistent with the p or o 100 to1 1oz 103 iﬁ-ﬂfi [Gel"]OE
¢ hypotheses -

* Mass windows of 635 < mg+,- <915 MeV and 1012 < my+g- <1028 MeV "% 7T 1w T
o4 E rt—:-lmln;ary ;FI?SBSUH _g
* Meson (M) pt > 40 —47 GeV, highest p; photon used, A¢p(M,y) > g & gOQE- fo-13TeV. 323 W B ¢ e mckground.
2 7000F =
* Background dominated by multijet and photon + jet £ 6000F- — — =
. - - - S 50005 =
Background templates extracted from CR with looser isolation, lower pr cuts 5 40[}0?.,_‘#:: "“"*«;.._;
* Background normalized in mg-g+, m,-.+ sidebands 30008 e
2000 -
1000F =
G.EI [}IE CII? ICITB CIIQ 1 I'[] -
Mer [GeV]

08/26/17 P. de Bruin 8



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-057/

. h —= ¢y, py (2/2) GATLAS

* Observed yields consistent with SM prediction

* 95% CL upper limits on the B(h = ¢y) and B(Z — ¢y) are 208 and 87 times SM, respectively

* 95% CL upper limitson B(h — py) and B(Z — py) are 52 and 597 times SM, respectively

:‘EL’) N T I T T T T I T T T T I T T T T I T T T I T |_ %} 1000|_ T I T T T T I LI T T I T T T _I
O ,50- ATLAS  Preliminary ] ° r ATLAS  Preliminary ]
g B {5=13 TeV, 35.6 fb™' ] ~ B Ys=13TeV, 32.3 fb” ]
£ r : £ 800~ —
£ C i N il
o 200 bE 7 oL X ]
C i B 4 il
- ] 600— —
150— - - .
100 t Data ] 400
I~ —— Background Fit +1z - _-T+ L —— Background Fit £1o
- [ Background L [ 2ackground
5ok [ ] BiH—iy)=4.8x10° 200— [ ] BH-m)=88x10°
¥ [ Biz—éy=0.9x10° I [ BEZ—py)=285x10*
= gttt gt ++ iy ittt g ++++ + = 1.2"§_++++++ RO RN TN TN TN
= ++++ ++++++++++ +++ o ook ¢ + T b LML
-— m S
g 80 90 100 110 120 130 o 80 90 100 110 120 130
My, [GeV] M., [GeV]
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SR uppsaLA + Q
‘9 tt > Wb + Q(H — yy) arXiv:1707.01404 @Qf@%@”

* The decay of t - gH where g = ¢, u proceeds via a FCNC and is negligible in L =36.1fb?
thESM >200:""|""|""| """""" AR LR SRR
3 180 ATLAS /s =13 Tev, 36.1 b’ =
* BSM models such as 2HDM, RPV SUSY and composite Higgs allow for BRs 3 "o +# radronic selecton 3
orders of magnitude beyond the SM BR E i #ﬂﬂﬂ Lo 8% 3
: i ol E
* The search is done in the clean H — yy decay mode, using 36.1 fb'! Run-2 123_ 5 Wﬁ} 3
data and a diphoton trigger 60F =
40F -
* Both hadronic and leptonic W decays are considered 20F-
of !
* Simulated yyj normalised to data in m,,, sideband Do 0 T e 0n el 4.'-.?2”4[5593?0
-~ 80T IMEAREREEEE BN R~
© F ATLAS 5=13Tev,36.10" 3
HadI‘OhiC Se|eCtIOn % mf_ HIHadmnic selection E
o 60 : « Data =
+ Atleast4 jets, one must be b-tagged S b o S ) (caled)
* Two 3-body objects with masses (M, M,) compatible with top masses ; s0f- -
« M, €[152,190] GeV, M, € [120,220] GeV. 30
* Eventsthat fail M, mass window still used in final analysis (“category 2”) 20F-
. =
my, € [122,129] GeV 10 | | . :
o5 5+om1_c|; T50 200 250 300 350 400 250 500

mj [GeV]

*briefly mentioned in H. Yang’s gammagamma talk

08/26/17 P. de Bruin
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el tt > Wb+ q(H - yy) B ki

_ 3 FV T aras | Eitrer seim 1 3 b arias T i e e
[ Main backgr‘ound is ]/]/j’ Vyy and tty g 22' Leptonic selection _g :é 45_ l_ep;oar:;c category 1 E
% :_ Data i _g E 3-52* — tcHy) B=0.2%é
* After selection, categories 1 and 2 have only 3 o 2k m - Semrecse I F ol me
20 vy + Zyy = D =
events each i mi i E
F ] 1.5F- : =
* Simulated yyj normalised to data in m,,, sideband '} E t E
5k — 0.5 i —
E E E | Fi-IJ.-IleLI.k | ,E
% 20 40 60 80 100 120 140 160 180 200 oo 110 120 130 140 150 160
T mT [GE\/] m Y [GeV]
Leptonic selection before b-tagging, mr, M;;,, cuts
« 2 photons, at least 2 jets and one e or . One of the g v A
jets must be b-tagged § o ATLAS Goutevmin' 3§ a5 ATLAS “prlfn.chva;fﬁalf :
+ mr(L,PFS) > 30 Gev i || memend P L S
- E Wrezer 3 E S H - Nesen oy (scale —E
* Two 3-body objects compatible with tt masses TosE il e = || e
- M, € [152,190] GeV, M, € [130,210] GeV. ; : 12: E
* Eventsfailing the M;;,, window cut fall in category 2 2 3 e 3
I ER Lo E
GD: 50 100 150 200 250 300 350 400 450 5:00 foo 10 120 130 140 150 160
m;, [GeV] m.. [GeV]
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- e tt > Wb+ qg(H - yy) SALLAS

5 LI I N S Y N B B B |

* The observed (expected) 95% CL upper limit on B(t = cH) is S ugpAas o= 13Tev. 361" 2

2.2x 1073 (1.6 x 1073) 5 4F 2. Continuumbkg. 3
. . : oo N

* Analysis is almost equally sensitive to t = uH, with observed 3 E

(expected) upper limits of 2.4 x 1073(1.7 x 1073) i | E

* Branching ratio limits translated to limits on off-diagonal Yukawa “E E

couplings: A;.y < 0.090 (0.077) and A;.yz < 0.094 (0.079) 0s

[

==
[
[
I
iy
) L1 [N

T TR N T T N R
140 150

=)
Qo
o
D_ L
[
M-
o
W
oL

* Improves upon Run-1 CMS result
m,, [GeV]
; w 1 T | T T T T | T T T T | T T T T
s 19 N i Y & ATLAS (s=13TeV. 361" ] > SR ' ' e
> 16:_AT.'.AS Vs =13TeV, 36.11b = s T ] 8 14-ATLAS E=13TeV, 361"
Ft—cH ] L t— cH(yy) ] o C .
14 = cHvy) 7 L i - 12 e Data ]
C 3 2 e Continuum bkg. 7
C Combined — -1 — e I R —— s i
12: ------ Combined, stat. only ] 10 - 5% o U:.J 10 * :t ! HEQS
10 Hadronic category 1 i = ] — cH(yy)
Co-e-e- Hadronic category 2 . B 7] 8 s ]
s Leptonic category 1 = B 7 ]
Eo-e-e- Leptonic category 2 . r 7 B I T‘““ —]
61— > 2| — ]
Eoen \ / 10 = 3 4H -
4= = ) = 1.96¢ [ == Observed 7 B -
B R [ ==e== Expected ] 2__ —
2 — o L :—::; i C Hadronl::lcategory1
O_—-"/ — T\\df -“'“/T . Al s L Ix10° !-T:GO 110 120 130 140 150~ 160
—0.002 0 0.002 0004 0006 10 1 > 5
m,, [GeV]
B(t— cH) %(t— ch) '*
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-017/index.html

; UPPSALA - A Q
G UNIVERSITET Z (_) ”) + h — inv (1/ 2) ATLAS-CONF-2017-040 @&Eﬂ%@m

> ' ATLAS Preliminary *Data  Z(ee)Z(uitets
« Search for invisibly decaying Higgs or BSM-mediated WIMP pair o foomer i’ S Sowen
production, produced alongside Z — [l using 36.1 fb'! 13 TeV data % R R
* Main backgroundsare ZZ and WZ -
e ZZ is taken from simulation, WZ as well but scaled with data-driven scale
factor obtained in a highmY, N; > 2 CR .
o .l l !
» Z+jets is ~8% of total background, estimated with a data-driven ABCD L e = . 1
method * L B S N R SN
10 2x10 3x10° 4x10 10

ET™® [GeV]

Selection overview ; , .
* Single lepton triggers
* Require a boosted Z recoiling off p7*sS. Veto events with b-jets and N; > 2
« EMUSS > 90 GeV, ETYSS /Hy > 0.6 med
« AP(pY,pEsS) > 2.7, AR, < 1.8
o |pT mr,ssl/p <02 q X
L =36.1fb?

08/26/17 P. de Bruin 13




Z(= 1)+ h - inv(2/2) QAITLAS

EXPERIMENT

* The EMSS distribution is used as a discriminant

* No significant excess over SM background expectation is observed

* The observed (expected) 95% CL upper limit on B(h — inv) for the combined ee + uu search is 67% (39%)
* Observed limitis worse due to a 2.2¢0 data excess in the uu channel

* Limits are also placed on the m
Mmed UP to 560 GeV for light m,,

x»Mmed Masses, excluding m, up to 130 GeV for my,.q = 400 GeV, and

_I 1 _I T T I LI T | L I 1 T 1T | T 1T 171 I T 1 |_‘_| S‘ 400 _I T T | T 1T ‘ T 1T ‘ LI T T T T T T [T T T T 7 T T T 07T T TT _
= = ATLAS Preliminary 2 @ - ATLAS Preliminary === Expected}mlt (+1cs ]
S 5 a7 O 350 4 m— Observed limit —
R - \s = 13TeV, 36.1 fb™' - & - Vs=13TeV, 36.1 & densi 4
3 i ee+up ] T Axial-vector, Dirdc, g =0.25,g =1.0 ™™™ Relic density ]
S - 7 300 ee+ul X —
< C 3
LU B C 7 3
— 250 | // —]
10 - y, /s ]
0 C 200 - 3 - ';-:7 " —]
95% CL [---=mmm===mmmo e R N - s Sl et RS -
190 = & - RAN —
_ = > > N ]
- —— Observed ' 100 = ‘/’,” : -
----- Expected Median E .
10-2 — [ Expected 16 50 ) -
C |:|Expected+26 L I _" | g I | | | .
| ' R 0 lesl=gmp =" 1 L1 L FIRNTI N SNV 7 S T I ]

0 0 1 0 2 0.3 0.4 05 0.6 0.7 0 100 200 300 400 500 600 700 800 900
m..q [GeV]

BR(H — inv)
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CMS

o h — invisible

1

* CMS-HIG-16-016

« CMS has done a combination of several searches for invisible decays targeting
qqH, VH and gluon+H production using both Run-1 and Run-2 data

m e

VBF jets 19.2

Z -l 24.6 2.3 )
VH Z - bb 18.9 -

V-jj 19.7 2.3
ggH monojet 19.7 2.3

08/26/17 P. de Bruin 15



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-016/index.html

CMS

h — invisible (VBF)

- 2"»fb{'l°+l1l'e\.fr)
Selection overview 34F cms Yom
m40 VEBF jets []Z=vviets -
335 , Il Wi—tv)tets _
e Uses dedicated VBF trigger requires presence of a forward-backward jet pair % " Egnmmet S
with p' > 50 (80) ,p32 > 45 (70)GeV, |n/| < 4.7 and |An//| > 3.6 G Dlropaan
—H, B(H — inv)=100% 3
* Also requires mj; = 1200 (1100) GeV and ETSS > 90 (200) GeV at 8 (13)
TeV. A S(ERES) = fE'”“SS > 4+/GeVis appliedto8 TeVdata | ISl

» Can reduce QCD background by requiring minAg(pHss, j) > 2.3 m, [GeV]
* Vetoeventswithaneorpu

23fb (13Te\f)

ga{f— cMs 4o 1

:@ 255_ VBF jets []Z(=wv }+j.ets ]

* Main backgrounds are Z(— vv) + jetsand W (- [v) + jets, with a common L%ﬂ)g— =Tﬁv)m ]

scale factor obtained in a simultaneousfit in dimuon and single lepton CRs g ’ SGCDmulﬂiet ]

15F Top quark -

* Multijetis extrapolated from CRs defined by inverting or loosening Aqb(Em"'ss ) of —H.B(H - inv)=100% 3
and S(Em“ss) cuts. All CRs are simultaneously fit with a floating multijet SF :

08/26/17 P. de Bruin




o, h — invisible (Z — )

CMS

* Lower cross-section than qgH but cleaner final state
* Background dominated by diboson events, estimated via simulation
* Eventswith N; > 2, Njo; > 1 or u + b-jet are vetoed to suppress diboson and tt

Selection overview

Double (and single) lepton triggers

7 and 8 TeV 13 TeV
e!.u'
Dr > 20 GeV
my 76 — 106 GeV
Ap(L,1D) - <m/2
Emiss > 120 GeV > 100 GeV
Ap (1L, pFe) > 2.7 > 2.8
Ap(j, pFs) - > 0.5
|EF*ss — pl|/p¥ < 0.25 < 0.4
mr > 200 GeV
08/26/17 P. de Bruin

Events

] %] . n =] =l o=}
T T

10k

111 II
200 300 400

237 (13 Tev)

L B B B L B I
6:_CM —4— Data
v
B zz
Clwe

8
6
4
2
0

FZ(£F) (0et) [ ww+top quark

[ Ziy(—=#yets 1
= H, B(H — inv)=100% J

|
500 600 70O 800 9S00 1000

m; [GeV]

L BN I T

L CMS —— Data
d v
B zz
[ Jwz

237 (13 TeV)
IIIIIIII|IIII

O Z(FF) (14et) [ ] ww-+top quark

[ Ziyi=&yiets ]
—— H, B(H — inv)=100%

DIII T I I
200 300 400

500 600 700 800 900 1000

my [GeV]
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CMS

h — invisible (V' — jj, monojet)

10 g 2 P (13 TEY)

« Main backgrounds are Z(— vv) + jets and W (- lv) + jets. Multijet background is reduced by %103— cms S ]

requiring the jets to be recoiling from priss EW— é?%;f

* V(jj) events are identified by requiring a large R=0.8 jet, and exploiting 2 sub-jet topology variables 10 i
such as the “subjettiness” 7, /74, pruned jet mass myype 1&1_ e

* Events that fail the V(jj) and with a R=0.4 jet are considered in the monojet search 102
* The E}«”iss distribution is fitted in the SR and single or dilepton CRs. y + jets events are used to reduce 10°

stat uncertainties. Leptons and photons are removed from the E7'*® computation in the CRs "" Y
o - ST SR
. . :@ ¥ +
Selection overview E
300 400 500 600 T0O 800 900 1000
. 1 1 1 miss
Triggers on events with high E7** and p;ﬂ or H;i = Zp;i Er™[GeV]
Veto events with leptons or b-jets }
8 TeV 13 TeV T J— . ZAm(13TeV)
- . - : S f CMs o o v ]
V(jj) Monojet V(jj) Monojet 2 Monojet — w{ﬁm‘jeﬁ
, g [ Dibosons 4
p;'” > 200 GeV > 150 GeV > 250 GeV >100 GeV w [ Top quark
[ Zhy(—ttysiets 3
|;r;j| <2 <2.4 <2.5 E :,Cé:Hmu_ahuir;dv]ﬂDD%
E;’I‘iss > 250 GeV > 200 GeV > 250 GeV > 200 GeV
T, /Ty <0.5 - <0.6 -
Mprune 60— 110 GeV . 65— 105 GeV - q.. s -H=
- . ] o |
mlnA(,b(],p?”SS) >2 >0.5 ED;M.MW HH@
N' - 1 or 2 |fA < 02 _ 200 400 600 800 1CIQD 1200

08/26/17




CMS

By i h — invisible — results

* Nosignificant deviations from SM are observed

* Assuming SM production of ggH, qqH and VH, a 95% CL upper limitof B(H — inv) < 0.24 is set

* Upper limits as a function of the fermion and vector boson couplings, kr and ky, shown

* Resultsare interpretedin the context of Higgs-portal DM interactions

* Resultsimprove upon LUX for DM mass below 20 (5) GeV assuming a fermion (scalar) DM particle

491" (7 TeV) +19.7 " (8 TeV) + 2.3 fb™" (13 TeV

~

CMS 4.9 (7 TeV)+ 19.7 fir'(8 TeV) + 2.3 ' (13 TeV) 10 T T T T T T T — T T T T
3 F | ] = a L E \ cMS
§ 180 Observed CMS 3 14 . SM production dog = lE‘ﬂ]"lilj ]\'\ 4.9 (7 TeV) + 19.7 iy (8 TeV)
N Median expected - . g o . Coug, +23M" (13 TeV)
Z 16F — 1.3E —08 & 5 10+ TN 2y ' B(H — inv) < 0.20
é 14 - 68% expected - 128 07 2 § . — : :
= — = 10
S 12F 95% expected = 1B 06 § 8" B
= C J = ; 3] 90% CL limits
(% 1_ = :_ _______________ 05 — :"Tﬂ v T
¥ E . = = g ]
= % 09F 047 S 10
z C E =]
E .F E
1 2% 08f 03 L gl
% 0.4 07E 0-2 - 107
b 02 Oﬁf— 01 . I Lol I Ll I L1
| :| 111 | 1111 | 1111 | 1111 0 1 1[} 1“2 1‘]3
Combined qqH-tagged VH-tagged ggH-tagged 05 06 07 08 09 1 11 12 13 14 DM mass [GeV]

Ky
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ot LFV Higgs decays (1/2) 2

CMS-PAS-HIG-17-001

* LFV Higgs couplingsallowt — u, T = e, u — e via a virtual H. Relevant for SUSY, R-S, composite Higgs and others
* Strong constraints from u — ey give B(H — eu) < 0(107®). Less stringent constraint for B(H — et), B(H — urt)

* 4 decay channels considered: H — et,, ety, ut, and uty. Similar signature to SM but light leptons contain higher
momentum fraction since prompt decay (instead of 7;). Backgrounds are Z + jets, W + jets and multijet

* Multijet background estimated using SS prediction. Multijet CR from looser lepton isolation used to extract SFs
* Fully data-driven prediction using pr-dependent misidentificationrates for j = e, j = pu and j = 1, events

* Mis-ID rates obtained in control regions defined by inverting separately or simultaneously the relative lepton sign and

isolation
H H 35.9 b (13 TeV 35.9fo” (13 TeV, 3590 (13 TeV,
Selection overview = h L 1 TiEE TR UG B AL
s t CMS ] & F CMS = & [ CMS ]
. . ‘% 6000 - Preliminary = % 1800; Preliminary ] % I Preliminary t observe DZ*" ]
* Single lepton triggers G g, ;Ij’“'/“‘*g:fts ] @ 1600Fpe ;Ij’“'f"%“" R T I
N —ee/up t+je . C —ee/up i, t+jets J I . ; 1
R0k [[Joiboson [ |Reducibte _: 1400:_ [oiboson [ |Reducibte E L Dmboson Dmmble ]
* Opposite sign, different flavor isolated leptons Wt — - w03 1200 st = s 620w 3000 W e

4000

L D Bkg.unc D Bkg.unc

or lepton + 15, ok _
[ 2000

* Four additional sub-categories according to  ao0f
production mode: VBF, O-jet, 1-jet and 2-jet ool ol

1000 |

Sk

0 100 " I2I'OO " .[G \(3?0 0 100 . I%OO i @ \(3;)0
L — 3 5.9 fb'l ollinear \Viass e ollinear \Viass e
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-001/index.html
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LFV Higgs decays (2/2)

CMS

* Loose selection and a BDT discriminant used, but cross-checked with result from
tighter selection and M, fit. BDT-fitanalysis has limits ~2 stronger

 BDT input variables vary for each channel, but typically include pé:r, ETSS M., M,f,:T

and angular variables between [, 7, and pj*s*

* Results are compatible with background expectation. 95% CL upper limit on
B(H — et) and B(H — ut) setat 0.25% and 0.61%, respectively

* Limits on off-diagonal et, ut Yukawa couplings set

CMS preiiminary 35917 (13 TeV)

* Improves on Run-1 ATLAS and CMS results o0 | ‘I' T

pramETEE h—e1: BOT Fit
®  Observed

CMS Eraiiminany 3597 (13 Tev) CMS Preiiminary 35.9%7 (13 Tev) eT;_i:{;(J.TE%J . % Median expected

— _ et 20615 B -63% expected N
P o 4 1.24% (1.52%) . [ 95% expected
> 10 > 10 - —
< = ety VBF

1.49% (0.74%)

1D_2 E TR AT . eT:-.zgr:e(:s:%J l
|
10_3 er,, 2 Jets B |
_____ : 2.26% (2.64%) -
10_4 E eT:-.‘:I:T'.sM%J ..
: H_;ng;‘%(n:«?m }
I TR T . |l Loud ceir b b b b b b |
Yot 10t 100 102 107 102 107 0 2, F 5 8 10z
Y | IY | 95% CL Limit on Br(H— et), %
Ut et
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ES80000F T T T T
Q E CMS Freliminary 4 Observed[ |Z—1t E
A70000F pt,0jet Iz -eelyy [Mtt.t+jets =
S F " Dib Reducible _J
50000 E [dDiboson [ ]Reducible 3
> E I SM Hostt ==Hs11 (B=5%)3
i} E ut (B=5%)3
50000 3 [OBkg. unc. =
40000 3
30000 e
20000 =
10000 -
oFE
S5
g e
&
[®) 0.5
-04 -0.2 0 0.2
BDT discriminator
CMS preiiminary 359 ' (13 TeV)
s 0 Jets i I | | | | I I
st B h-sput: BDT Fit
w 1 Jet I ® Observed
0.53% (0.50%) X Median expected
pr 2 Jets B - 68% expected ]
r;lacae% (0.84%) l l:l 95% expected
wr _ VBF
2.51% (0.58%) '
n, 0 Jets
1.30% (0.83%) l
HT, 1 Jet
1.34% (1.19%) .
[ 2 Jets
2.27% (1.98%) .
HT, VBF
1.70% (1.62%) .
Hopt #
0.25% (0.25%)
| ‘ | - | L1l | L1l | Ll | | ‘ | ‘

0 2 4 6 8 10 12 14
95% CL Limit on Br(H—ut), %


https://link.springer.com/article/10.1140/epjc/s10052-017-4624-0
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-040/index.html
https://link.springer.com/article/10.1140/epjc/s10052-017-4624-0
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Bt H-ZZ,;XX - 4l ATLAS

ATLAS-CONF-2017-042 =FFPERIMENT

» Search for ZZ,;,Z4Z, or aa in 4-lepton final states. Relevant for U(1), or

2HDM+S extensions of the SM zA\ 2™
******* = H L]
* Dominant backgrounds are SM H —» ZZ* — 41, followed by non-resonant ; ‘”/gi -

27F = 4] Zona ~

Object . H - XX > 4
H—ZZi—> 4 High Mass selection | Low Mass selection

QUADRUPLET SELECTION | - Require at least one quadruplet of leptons consisting of two pairs of same-flavour opposite-charge leptons
- Three leading-pr leptons satisfy pr > 20 GeV, 15 GeV, 10 GeV.
- At least three muons are required to be reconstructed by combining ID and MS tracks in the 4u channel.

L] Sel ect| on summa r| Zed | n ta bl e’ m OSt Iy an g u Ia r se pa rat| on ;hze(l;it :,?:}: 3?:?2?1%1)?2;(];?,2Céﬁggz,)l t[?];:: - Leptons in the quadruplet responsible for firing at least one trigger
1 (second) closest the Z mass )
betwee n Ie pto ns a nd mass wi nd ow CUtS aroun d mh’ mz - Leading di-lepton mass requirement: | - AR({,{") > 0.10 (0.20) for all
a nd a I Iowed ra nge for mZd a nd ma . 50 GeV < myp < 106 GeV tsg‘ren:u(acgileprle‘;:t) flavour leptons in

- Sub-leading di-lepton mass requirement:
. . . 12 GeV < m3q < 115 GeV

* Low mass selection only considers 4u final state AR 0) > 010 (0.20) for all same (differ-
ent) flavour leptons in the quadruplet

- Remove quadruplet if alternative same-

* J/Y and Y backgrounds removed via dedicated mass flavour apposite-charge di-lepton gives e <
1 QUADRUPLET RANKING - Select quadruplet with the highest expected | - Select quadruplet with smallest Amgy = |niyn — 34
wi ndOW CUtS signal rate, in the order: 4y, 2e2u, 2u2e, 4e
EVENT SELECTION - 115 GeV < myp < 130 GeV - Reject event if:

(/HJ/\]I -0.25 CIBV) < M2341423 < (Hi\.y(_zs) +0.30 GCV)
(myas) — 0.70 GeV) < myz341423 < (myasy +0.75 GeV)

- mag/mpy > 0.85

- 115 GeV < myr < 130 GeV - 120 GeV < mye < 130 GeV

- 10 GeV < mpp34 < 64 GeV -0.88 GeV < mpozg < 15 GeV

L — 3 6 1 fb-l -5 GeV < myg3 < 75 GeV for 4e | - No restriction on alternative pair-
. and 4u channels ing

08/26/17 P. de Bruin
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H— ZZ, XX - 4l

@AMA

EXPERIMENT

* ZZ,4 search observes 102 eventsto 87 + 7 predicted
* Low mass XX search observes no eventsto a predicted 0.4 + 0.1

* High mass XX search observes 6 events, to a predicted 3.9 + 0.3. There’s a
3.80 local significance excess at 20 GeV, but due to only one event

* 95% CL upper limits on the Higgs branching ratioto ZZ4,Z;Z 4 and aa are set
as a function of the BSM boson mass

* Limits on model-independent fiducial cross-sections are also derived

= eoliwl L L B >1025 L L L L L L L=
[ ATLAé Preliminary ® Data %% Total Background ] E ¢ Data === Total Background ATLAS Preliminary 3
G C Mo 77 4 W2z Wzz-a ] -~ -4 B H-Z7" =4 13 TeV, 361"
o 4 s = ] -~ ~ CEWK6G — 41+ 2X [ Z+({UJIWIY) Hos X s 41 |
y 13Tev, 35.1 " O&v.vw [[Reducbiebly  —| 2 10 T Reducible bkg »;-«;—mZd 15 GeV —AR TG
2 v, 50 im0 § F mm.35GeV ik 3
@ §m2=55 GeV ] I.ﬁ — —
I.I=j 40 : — B 1
1= E
30 B 5
107 —
20 E E
-2 “TRh
10 107E
0 ____________________ = B
1079 40 50 50
. m ) [GeV
ZZi = 4l m,, [GeV] XX — 41— high mass my) [GeV]
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19.7 o' (8 TeV)

» Searches for h = aa decay in the 41, 2u2t, 2u2b using Run-1 data o 10°g -
‘O E CMS ~+ pata hm, =9 GeV
* Relevant for 2HDM+S models such as NMSSM. Considers final states from ggF, VBF £ [ we g,
and VH production 2PN [Dewemme o mescer
1 02 ? T }—’ Counting experiment signal window m, _, >4 GeV
Overviewof h —» aa — 471 g i s
* Single isolated muon trigger 1 /
. . . . . . . . i R
* Only jets with a muon considered for tau pair reconstruction. First identify 7, S R A S
0 2 4 B 8 10

then reconstruct other tau (7y) from jet while subtracting muon contribution. m,.x (GeV)
Doesn’t consider bottom quark seeded jets

19.7 fb' (8 TeV)

* Main backgrounds are Z/y* — uu + jets, W — uv + jets, tt and multijet

c 10%g
o yol g CMS + paa ggh m_ =9 Gev
* Atleastone OS 7,7y pairin event PO e g wnm, -9 Gev
U X z 1035_H‘ h L VBF m_ = 9 GeV
H 1 H 4 B igh m Bkg. syst. unc
* Reduce Drell-Yan by having trigger muon be SS as tx. m,,x = 4 GeV gives 95% & | . Iii ----- Znm, =9 Gev
. . 102 = eccze Counting experiment signal window m,,, = 4 GeV|
background rejection o
. ey s 1 - ! - 4z ;
* Analysis splitinto mT(ut“g,p?“‘ss) above or below 50 GeV 1og .
* Mis-ID background estimated as mean of independent predictions from 3 e :
background-rich regions where the 7y is not isolated, each normalized to data in - R
. 10—1 . besdessbassh SR . J L
my+x < 2 GeVregion 0 2 4 5 ® o (Bev)
L =19.7 fb? g
08/26/17 P. de Bruin 24



http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-015/index.html
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h - aa

CMS

Overview of h = aa — 2u2b
* Dimuon triggers

* |myuup — 125| < 25 GeV,
 Main backgrounds from Z/y* — Il and fully leptonic tt decays

* Analytical functions are used for background and signal modelling and fit to
my, € [25,62.5] GeVin data

Overviewof h = aa — 2u2t
 5finalstates:u*u"tl 1, u+u_'r;—rrj, utu ity u+u_'r;—“r§ and utu"tiT),
* Dimuon trigger. Pairs highest p OS muons and taus, veto events with b-jets

. |mit., — 125| > 30 GeV, |my 0 — 125| < 25 GeV, |my, — my| / My, < 0.8

* Irreducible ZZ background taken from simulation. Reducible Z + jets and W + jets

events estimated using pr-dependent jet = e, u or T mis-ID rates computed in
looser isolation and SS control regions

* Analytical functions for signal and background are fitted tom,,,, € [15, 62.5] GeV
in data

08/26/17 P. de Bruin

Events / (6.5 GeV)

Events / 0.5 GeV

10-1 11

10°

201
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185 —e— Data CMS
15__ Signal + background
- best fit, m_ = 35 GeV
14—
12
[ 1 ||
o I
I|IIII|\III‘II\\|I\
45 50 55 60
My, (GeV)
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| CMS — Signal model — Bkg. model
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--- BKg. uncertainty ¢ Observed
| Combination
3y " - — ]
Ly b 4 Ly 1y
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) e h = aa — limits

CMS

* 95% CL upper limits on production times BR of each h = aa decay mode are set as a function of the
pseudoscalar mass

« 2eventsinutu~tl T, with my,, equal to 18.4 and 20.7 GeV lead to a 3.5¢ deviation. Expected
background yield agrees with observed yield over full mass range

19.7 i (8TeV)
III|IIII|IIII|II_

)

o
o
=]
B

19.7 fb' (8 TeV) 19.7 fb' (8 TeV
T T T T T T I

—_ 104 ET 1 T T T T T T T E| —_ 1 I I I re) |_I TTT 1T T
e E E B ]
T - CMS ——Observed ] = cMS —e— Observed 3 - CMS . E:Seeg:j -
T o Expected L T Expected T C p ]
T 10°F [ +10 Expected 3 g combined e [ + o Expected S ooo2f [ + o Expected —
fr-rg» F [ +20 Expected ] 1 HH [ ]+ 20 Expected T g - [ ]+ 20 Expected -
T 5 T E m - .
£ 10° £ Low and high m, combination = = X 0.0015- —
? E CL g _1:‘ % : :
t>.n: oE'J :b = o C ]
o] o — - -
5 3 s 000 :
= L=} -
E 5 : :
2 S 0.0005 —
= (03] S5 S - -
o i
& _
I I I I I (bl_ 111 | 1111 I 111 1 I 1111 | 1111 | 1111 I 1111 I 1 N
20 30 40 50 60 R woe il ( G@V)
m, (GeV) 3
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CMS

. Fae h — aa — interpretation

Capras)

R o
* Above results combined with earlier aa to 4u and 4t searches 5 10k i
X i i
* No significant excess observed for any of the five analyses % to° b siowes \ i
c 3 \'\\ Qi i
o o AL
* Upper limits of 17%, 16% and 4% on — X B(h - aa) set from 4t,2u2b and % .| E5E rese R
SM g g ; haaa::::: d
21271 analyses, respectively bclf oo [ E s opetand 2on i
* 95% CL upper limit also set separately for 2HDM+S of types 1, 2,3 and 4 § o LS Elommerer
s>} 1 10
m, (GeV)
= 10 S 19.7 ™' (8 Tey)E ~ 17 S 19.7 fo' (8 Tey)E = T . |1|9.|7|fb."'|(8|Tle\f)§ = g . |19.|7|fb|‘1.(8|T;e\{)?
by qE CMS : by s CMS : > E 2HDM+S type-3 ; by 2HDM+S type-4 E
ET_, Rl - é ngr | gt 10°F rn,=4OGe\‘: i é 0t ma=4OGe\? E
o ] a @ 1 o ]
x 10f x 10F < F \ X i
c| 3 1 4 ] - |: E‘g'DE H E“g L]
c E 3 c - 3 C i it c 107
3 10k F h—aa—uuuy [47] 3 ° o Ll IESE hoaa—spupy [47] - o 3 \ 3 o 1 -?
E 3 — E 3 — E S = - ]
O i ]l Fir h—aa—trit[48] 3 O | L ffF hoaastter [48] 3 O i QLN B O 10 4
5_}9 107 ;-_ T h—aa—tt1t § X 107 = h—aa—trtT I X 107 H‘%ﬁ—b:“_za X ]
> F h—aa—suubb b : _ hoaauubb 0 h—aa—uu E o h—aa—uubb
PP 2HDM+S type-2 UL ;
10° | 2HDM+S type-1 . 0% o - h—aa—puputr 1 h—aa—uutt
E h—aa—puptt E E tanf=2.0 h—aa—putt E 102 pected b g _a pected [ ob g 3
i i1 :a)iplected c:bser\rled L " C i .?’.‘pf':ted c:bsenrled . : L I :ex ?Clel : o ISI?I’\I:EI y L o Iex e:c Iel : (o] ISt?n:el
o 10 0 |1 10 i 2 3 z v I1 2 3 i
m, (GeV) m, (GeV) tan B tan p
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http://www.sciencedirect.com/science/article/pii/S0370269315008266?via%3Dihub
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-019/index.html
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Previous results - ATLAS

@AMA@

Vs

Search 7 TeV (fb') | 8 TeV (fbt) | 13 TeV (fb?) reference
W+(h>aa=4b) - - 3.2 Eur. Phys. J. C 76 (2016) 605
tt>Wb+qgH - 20.3 - arXiv:1509.06047

VBF h to invisble - 20.3 - arXiv:1508.07869
h=>ZZ,,aa341 - 20 - arxiv:1505.07645

h=aa=uutt - 20.3 - arxiv:1505.01609
V(= qq)h(> invisible) - 20.3 - arXiv:1504.04324
h,Z->J Ipsiy,Yy - 20.3 - arxiv:1501.03276
h->uu 4.5 20.3 - arXiv:1406.7663
D Ay 4.9 - - ATLAS-CONF-2012-079
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WH)xBR [pb]

95% C.L. upper limits on o(

Events/0.5 TeV

Data/MC

SR1

XPERIMENT
L ATLAS (s=13TeV,3.2fb"

ool Observed 95% CLs N
L g Expected 95% CLs + 1o
L Expected 95% CLs + 20
L Ogu(WH)

10E h - aa— 4b i
C | | ] .

%0 30 40 50 0
m, [GeV]
e VBF Signal (m 125 GeV, BR=100%) 5
F Wa Iv 7
10° [ ] Othe r Backgrounds ?:
I SM Uncertainty =l
102 —e—— —®— Data2012 =
= ATLAS £
e 20.3fb",8 TeV ]
E 3
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http://link.springer.com/article/10.1140/epjc/s10052-016-4418-9
https://arxiv.org/abs/1509.06047
https://arxiv.org/abs/1508.07869
https://arxiv.org/abs/1505.07645
https://arxiv.org/abs/1505.01609
https://arxiv.org/abs/1504.04324
https://arxiv.org/abs/1501.03276
https://arxiv.org/abs/1406.7663
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-079/

CMS

Previous results - CMS

Vs 7 TeV (fb?) | 8 TeV (fb?) | 13 TeV (fb? reference > TP
Sea I’Ch ( ) ( ) ( ) 8 G;CMS + IBs;;t);onicchannel ]
gl Sy iotehonrbdepta &
FCNC ttZ,tgq+7Z ,tzq - 19.7 - CMS-TOP-12-039 2 5p| e Nonresonag"t'\'lwbackgmund—_
(O]
o 4F .
tt>Wb+qgH - 19.7 - CMS-TOP-13-017 ’ 3k E
20 i
FCNC tgq 5.0 19.7 - CMS-TOP-14-007 1\\\% ]
LFV h2et,eu - 19.7 - CMS-HIG-14-040 00110 120 130 140 150 1@3 Eé%&%o
ATLAS+CMS _ 30.14_H|—>|u*|u'| S ?9.I7f5)'1l(8'|re\llz
nggS deCayS 5 20 ) = ngh Energy PhyS' 08 (2016) 045 :Eo 12:_C|V|S —e— Observed limit _‘
= F e Median expected limit 1
h->aa> 41 i 19.7 : CMS-HIG-14-019 x oif 10 oxpoied i
Q i +2 ¢ expected limi
go.os:— i : ]
h->y+inv - 19.4 - CMS-HIG-14-025 g . ;
7%0.04:— :
h=>uu,ee 5.0 19.7 - CMS-HIG-13-007 of ]
50.02F -
VBF + Zh, h to inv 4.9 19.7 - CMS-HIG-13-030 obi ] ! L !
120 130 140 150
my [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-039/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-13-017/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-14-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-040/index.html
http://dx.doi.org/10.1007/JHEP08(2016)045
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-019/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-14-025/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-13-030/index.html

CMS,/ !

Summary SALLAS

* Showed recent results of rare and BSM decay modes of SM particles
iInvestigated by ATLAS and CMS

No significant deviations from the SM observed

* Improved constraints on BSM branching ratios and parameter space
exclusion in a wide range of models

Several searches statistically limited and will benefit from more data so
stay tuned!

Thank you!
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_ CMS
h(= invisible)+Z(=>bb)

« 4 MET triggers used S o Bt mep:
3 MET categories defined: 100 - 130 (“low”), 130 - 170 (“intermediate”), >170 GeV T

(Mhighn)
BDT score used as discriminant
95% CL upper limit on o B(h to inv) / o, set at 1.82 (1.99)

Variable Selection
Low E{i‘iss Intermediate E"T‘“iSS High E?iss
EF™® 100-130 GeV 130-170 GeV >170 GeV
P ~60 GeV ~60 GeV 60 GeV
Py >30GeV >30GeV >30GeV
P =100 GeV >130GeV >130GeV e o SIE™ o en
M; <250 GeV <250 GeV <250 GeV T o) eion £ 1o o0 o
CS5Vmax >0.679 =>0.679 >0.679 1
CSVmin >0.244 >0.244 >0.244
N additional jets <2 — —
N leptons =0 =0 =0

Ap(Z,H)
Ag(EF,j)
&(P(Errlpiss’ E"I[nisstrk)
iss significance

miss
ET

=2.0 radians

=>(0.7 radians

<0.5 radians
>3

=>2.0 radians

(0.7 radians

<0.5 radians
not used

2.0 radians

>0.5 radians

<0.5 radians
not used

[=]
T

T 0B 0604020 02040608 1

0

T 08060402 0 0204 0608 1

*CSV is the btagging algorithm BDT output BDT output
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