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Introduction

>
. £l>
Recent Higgs boson study tell us : Symme\tiy breaking {
: : b 0 5
- symmetry breaking does exists b= [4)2 —> y ELL|>
(mass generation through scalar field) Va 3
vacuum expectation value
But need to know how it does happen?
- precise measurements (previous talks),
- searches for another scalar particles. <= this talk
The extension of the Standard Model has many attractive features:

- solve fine tune problem (naturalness),
- give an insight of hierarchy problem,

- even predicts dart matter candidates.

Discovery of the Higgs boson also opens a new opportunity to new physics.

- Higgs as a probe to the new physics beyond the SM <= this talk
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Search for another Higgs sectors

- MSSM Higgs bosons



MSSM Higgs searches

Minimum extension of the SM :

2 Higgs Doublet Model : 2HDM

oj s
CD — CI) =
1 [4)2 P | by can be observed H boson.

results in
- 5 Higgs bosons : (h,)H, A, H*, H
- 2 mixing parameters: (a, B)

")

10

o : mixing angle of CP even h/H
ta nB - ratio of Vu/ V4 ,CMS Preliminary <5.1 1" (7 Tev) + <197 fo" (8 TeV)
E ; 2HDM Type Il
o
Constraint from the measurements : ¢/
ol
cos(B—a) is very close to “zero”.
L
—> consistent with SM. o
(alignment limit) ol
02} T osa o,
---SM  <Best fit
0.1 ! |
-0.5 0 0.5
cos(p-o)
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CMS Preliminary <5.1 fo'(7 TeV) +<19.7 fb™' (8 TeV)

~ MSSM m[°%

m,=126 GeV

__________ m, =125 GeV

———————— m,=124 GeV

———e m,=123 GeV
________ m,=122 GeV

|:| Observed exclusion 95% CL
% Expected exclusion 95% CL

[ ] W > v (arXiv:1508.07774)

[ ] AMHh = 1t (HIG-14-029)

A/H — bb (arXiv:1506.08329)
A/H/h — pp (arXiv:1508.01437)

H — WW/ZZ (arXiv:1504.00936)
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MSSM Higgs searches

Minimum extension of the SM :

2 Higgs Doublet Model : 2HDM

oj s
CD — CI) =
1 [4’2 P | by can be observed H boson.

results in
- 5 Higgs bosons : (h,H, A, H*, H")
- 2 mixing parameters: (a, B)

{ o : mixing angle of CP even h/H

tanp : ratio of v, / vq

10CMS Preliminary <5.1fo" (7 TeV) + <19.7 fb™ (8 TeV)

E%EL F 2HDM Type I 10
o
Constraint from the measurements : iR
ol
cos(B—a) is very close to “zero”. N
11—
—> consistent with SM. o .
(alignment limit) ol
" emsore. W
---SM  #eBest fit
0.1 . ' 0
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cos(p-o)
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e .
Analy3|s strategy
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—————_ _ _ _ _ m,=124 GeV

- -——— - _ _ _ _ __ m, =123 GeV
- —— - — . mh=122 GeV

|:| Observed exclusion 95% CL

% Expected exclusion 95% CL

[ ] W > v (arXiv:1508.07774)
A/H — bb (arXiv:1506.08329)
A/H/h — pu (arXiv:1508.01437)

[ ] AMHh = 1t (HIG-14-029)
H — WW/ZZ (arXiv:1504.00936)

300 400 500 1000
m, [GeV]



MSSM Higgs searches

Minimum extension of the SM :

2 Higgs Doublet Model : 2HDM

oj s
CD — CI) =
1 [4’2 P | by can be observed H boson.

results in
- 5 Higgs bosons = (h,H, A, H*, H")
_ 2 mixing parameters : (o, B)
o : mixing angle of CP even h/H

{tanﬁ : ratio of vy, / vy

10CMS Preliminary <5.1fo" (7 TeV) + <19.7 fb™ (8 TeV)

E%EL F 2HDM Type I A\ 10
. 50 N\
Constraint from the measurements : ¢/ A\N
ol
cos(B—a) is very close to “zero”. A->tt , hW, hZ, hh )~
i3 200
—> consistent with SM. o ;
(alignment limit) ol
—omoe
---SM  <Best fit
0.1 ! : 0
-0.5 0 0.5
cos(p-o)
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Analy3|s strategy
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|:| Observed exclusion 95% CL

% Expected exclusion 95% CL
H* — tv (arXiv:1508.07774)
A/H — bb (arXiv:1506.08329)

%

A/H/h = py (arXiv:1508.01437)
[ ] AMHh = 1t (HIG-14-029)
H — WW/ZZ (arXiv:1504.00936)
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MSSM Higgs searches

Minimum extension of the SM :

e oL g 7 -
2 Higgs Doublet Model : 2HDM 2 ol / /M‘
(I)l (I)3 30 ‘l\l‘\ Y \ 7 = m,=126 GeV
@ = @ = o . ”// -
1 [4’2 XY can be observed H boson. NN/

X ¢ / -
. <3 Analysis str
results in H+ -> tv v - 7

- 5 Higgs bosons : (hH A, HY H)

- 2 mixing parameters: (a, B) %"%: "

6
o : mixing angle of CP even h/H i
ta nB - ratio of Vi / V4 CMS Preliminary <5.1 b (7 TeV) + <19.7 b (8 TeV) 3—
5
Constraint from the measurements : ¢/ N
oL
cos(B—a) is very close to “zero”. A->tt,
1=
—> consistent with SM. o S
(alignment limit) ol
—mre
---SM  #eBest fit
0.1 | ' 0
-0.5 0 0.5
cos(p-o)
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-% Expected exclusion 95% CL
0 : —Z A H* — tv (arXiv:1508.07774)
- 2HDM Type Il \
- P N\ 10 D /N A/H — bb (arXiv:1506.08329)
W\
0\

H/A -> 1t or bb §
CMS F <19.7 ¢ )
60 N
50 \\\ + 7
> 24

/ - - - _____ m, =125 GeV

__________ m, =122 GeV

|:] Observed exclusion 95% CL

A/H/h = py (arXiv:1508.01437)
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> | T T T T | ]
H/A — 1t search § | s
O - - { - ,'
Sensitive to high tanp region : i 0'8: ——————
] 0.6 limiteq statistics...
= ATLAS Preliminary —e- Data -
04[= 1s=13TeV, 321" @ pata syst.
----¢0=h/A/H - 0= h/A/H T Z—7T,Tp,e 1-track Data Stat. _
B HLT tau25 medium trigger - MC 7]
0.2 | o
! no b-j , € 1.2F ! Bvc .
| S ] O —— ;
i S - I
gluon fu5|on (ggH) b-associated product|on be) o5 82 - .
- - | | 3

Analysis: Experimental challenge:

- Since production mode depends on the size of tanp, - High prtreconstruction

enhance high pt tau without b-jet (ggH) or with b-jet (bbH).

102

p-r (Thad—vis) [GeV]

There is no control data for such high pt .

Extra ~20% uncertainties using di-jet events are

- Dominant background is a jet events mis-identified
as tau. (W+jets, top, multi-jet process) They are
estimated by data. -
the initial state.
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added on the top of the tau ID (5%).

Theory uncertainty: the treatment of b-quark in



ATLAS-CONF-2017-050 36.1fb"!

H/A — 1t search con't

Model independent limits are obtained :

Reconstruct mass : o x Br: 0.85 - 0.0058pb for ggH,
tot i i _
\/(pT + pT E”Ifmss)z (pT + pT E$lSS)2 0.95 0.0041pb for bbH.
© . [ ATLASPreliminary " eDaa ] Interpretation to typical MSSM benchmark scenario :
S 107 \s=13Tev, 36.1 b ClJet->r fakes
~ - - b-ta OZ/y*—tr 3 Q. T T I T T T T I T T T T | LI
[2] g [ “lep~had g azZiy—i c ATLAS Preliminary ATLAS 2015 — Observed
c 10 = [(JTop = g " Vs=13TeV, 36.11b" -- Expected ]
g) - @@ Diboson . ~ hMSSM scenario t+1o =
L 102 L = A+H (300) _| 60} H/A — 1195% CL limits +20
= . . — A+H (500) = . :
- Loy — A+H (800) - - |3 ]
10 e 7 Uncertainty_| - 7 § s
= _._l ; L /i% m
B I 4 //‘:’
1 = = 40_/5 —
= 3 - ?% .
10 E —T | T - N
S — 1 ‘ i Improyement
—— = 201~ from 3.2fb-! analysis.
) C T T | T T T L i
O 5F — = -
= ; ey : E = .
R e NERES S — L _
= g5t | E J 5C|)0| I1O|OOI . .15|00.
C C | | | | | | | T
.c%’ 70 100 200 300 400 oV
ot miss m, [Ge
m'I9 (Tlep’ had-vis’ E ) [GeV] A [ ]
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CMS pPreliminary 12.9 fb' (13 TeV)
T T T - Dl—na T T
[ Mis-ID. <, (data)
I tt
Bl W-+jets
I Single top quark
CJZ/vy*+jets
I Diboson
>0 XX Bkg. stat.® syst. unc.

//*2
* s

Events / bin

Charged Higgs searches

Direct production: Synergy with Belle exp.
(indirect search)

ozt

7 X ————

Data/Bkg.

+

- Bkg. stat.® syst. unc.

| 0 100 200 300 400 500 600 700 800
Y my (GeV)

60 CMS Preliminary 12.9 b (13 TeV)
B T I T T T T I T T T T I T T T

L AFS

top associated production (tbH*)

tan B

High tanp region: 50

- Hft—1v decay mode is more sensitive.

pp — t(b)H', H" — t*v,
T, +jets final state

—&— Observed
[ ] Excluded

- Final discriminant my:
m =2 - p{h\ Er (1 —cos A¢( Er, Th)>

- 20__ mod+ i ]

- Dominant background are fakes from top, - MSSM m] B Expected medlan + o]
W . t d It t I, Expected median + 2c |
+TJets and multijet. 10L ~— miSSM . 125+3 GeV = _|

|

200 250 300 350 400 450 500
m, . (GeV)
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Charged Higgs searches con't

Low tan region:

- Use H*—tb decay mode.

- Multivariate analysis (BDT) dividing jets and b-jets.

tanp

i ATLAS Preliminary

10 MSSM m:wd' L] Observed exclusion —

H' >t Expected exclusion

| Vs=13TeV, 13.2 b

H+

N

Q
1

500

600 700 800 900 1000

m,- [GeV]
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© 6"'|"'|"'|"'|'"|"'|"'|"'|_"'|";
S 10°= ATLAS Preliminary -#Data Ot +>1c S
S \s=13Tev, 132f"  Ett+=1b  [Jtt+light 3
% 10 _ . [CINon-tt mtt+Xx o
= Pre-fit H 800 GeV e H shape -H+ 1 pb E
L% 10 26j,3b 22, Uncertainty -

BALS I it I I RAG
Yz 7777727222772

g

* 4

S .

m

- 1.5__. - . - ——

RN/ 4444 7

a Z Z
0.5F =
0: , , . , , , . , , 3
-1 08 -06 04 02 0 02 04 06 08 1

BDT output

Significant systematics is tt + jets modeling (theory).
NLO precision (Sherpa+Oneloops) is used with 50%
uncertainty in multiple interaction (MPI).

ATLAS-CONF-2016-089 13.2fb"!
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Higgs as a probe to new pnysics

- Heavy resonance X —- VH or HH
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Many di-boson channels
X — di-bosons (W/Z/H/y) — 4 or 6-fermions

Access my ~ a few TeV

Final state ATLAS CMS
submit to Phys.Lett.B.,36.7fb-1 Run1(19.7fb-1) + Run2(16.2fb1)
yi arXiv:1707.04147 Phys.Lett.B.767(2017)147
Y &Y arXiv:1708.00212 arXiv:1610.02960
L =36.1fb! L = 2.3fb!
77 ATLAS-CONF-2017-058 CMS-PAS-HIG-16-001

(1, lwv, 1lgg, vwaq)

ATLAS-CONF-2016-082

CMS-PAS-HIG-16-033

Ww

(Ivlv. lvaa. aaqq)

L = 36.1fb"!
ATLAS-CONF-2017-051
ATLAS-CONF-2016-074

L = 2.3fb!
CMS-PAS-HIG-16-023

Only cover |~

VH, HH.

HV
(bbll, bbvv, bblv, bbqq)

L = 36.1fb"!
%TLAS—CONF—ZOI?—OR

ATLAS-CONF-2017-055

L = 2.2-2.5fb"!
Phys.Lett.B768(2016)137

HH
(bbbb, bblvlv, bbtt, bbyy)

L = 13.3fb!
%TLAS—CONF—ZO%—OM
ATLAS-CONF-2016-071

ATLAS-CONF-2016-004

% L = 35.9fb-!

CMS-PAS-HIG-17-008
CMS-PAS-HIG-17-006
CMS-PAS-HIG-16-029

\S

CMS-PAS-HIG-16-002 j

August.7.2017
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High mass resonance searches (X — di-bosons including Higgs)

Production mode :

X — di-bosons _
(V\//Z/H) b-Jet,Y,

jets, leptons

new resonance “X” N

Bosons
W/Z/H

The “X” might be another Higgs.

If the final state is Higgs, decaying to bb or yy mode
is a good handle of the background.

August.7.2017

decay products

LP2017

Analysis strategy :

According to the mass of the

R=0.4

-

“Resolved” category

my < ~1TeV

resonance particle, my

Large R-jet

R=0.8-1.0
\

“Merged” category
my > ~1TeV

15



E 10°e- ATLAS Preliminary +<1iat1 T
| o _ o — 1.5 Te x
High mass X - HV 2 10°F Vs=13TeV,36.11b
E§ 1 04 2 lep., = 2 jets, 2 b-tags Il W+(bb,bc,cc)
o 100 GeV < m, < 145 GeV Bl W+ (bl,cl), W+l
Exploit all possible combination : =z 10° ’ B Z+(bbbc,co)
10° @ I Z+(bl,cl), Z+l

[0 other

H — bb
V (W orZ) >l v, jj, vw

Reconstruct mass:

- 4-fermion invariant mass if all “visible”.

_

(@]
X
O
- Or in case neutrino in the final state, use s
© ’ 2 A3 3
A - P 3x10 10 2x10 GeV
My = (B! + BB — (51 + Emissy, myy, [GeV]
IR | | | T | | L I e e R B e
10 ATLAS Preliminary 95% C.L. limit 3 105 ATLAS Preliminary 95% C.L. limit -
. . E : “e— Observed (CLs) 3 E E
Experimental challenge : S L - Expected (CLs) | | 5= 13TeV, 36115 T Beeoied ots)
A—Zh- Zbb @m Expected * 1o [ A-Zh— Zbb Exp td(+1 ) ]
| gluon fusion 1 Expected + 2¢ __ I bbA E Exg:gtgd oo

- B-jet performance is a key. ~5-10% ID syst.
- Mass resolution ~30-40%.

_.
Q

o(pp—A—Zh)-BR(h—bb) [pb]
3

6(pp—sbbA—Zh)-BR(h—sbb) [pb]

Covvvd il
e
2

2

I ALIL I N R TTT

LBLLRALY L]

1072 =

Cross section limit: ~1.0x102 pb @ my=1TeV
10556400 600 800 1000 12001400 1600 1800 2000 10506400 600 800 1000 1200 1200 1600 1800 2000
m, [GeV] m, [GeV]
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High mass X — HH — bbbb

Analysis:

- Both H — bb is reconstructed as single jet,
- Sub-jets are identified as b-jets,

- Reconstruct I\/IJ-J- mass as HH resonance.

35.9fb" (13 TeV)
> r I ' I ' | ' | '
8350005_0.“"8 | N Wmutiiets: bb - [ Muttiets: b
& 30000F Simulation Preliminary [mutiiets: ¢ [Imuttiets: light
[72]

= - Signal cross sections = 20 pb

c _

g 25000 - —— Bulk graviton: 1400 GeV =~ ----- Bulk graviton: 2500 GeV

L  —— Radion: 1400 GeV ~ ----- Radion: 2500 GeV
20000~

15000
10000

5000

w
"
.
"
Jod

| H
2500 3000
M [GeV]

L | )
0000 1500 2000

August.7.2017

Experimental challenge:

- Trigger:

Combination of Hy>800(900)GeV
and Hy >680+ di-jet topology Mj; + An

CMS-PAS-B2G-16-026

2.3-36 fo! (13 TeV)
T T

—_—~~ 107 T T T T T T T I

= CMS bblvlv (CMS-PAS-HIG-17-006, 36 fb™)
T 10 Assumes SM Higgs BR

T = Dbbrr (arXiv:1707.02909, 36 fb™)

=~ bbbb (CMS-PAS-HIG-16-002, 2.3 fb™)

bbbb (CMS-PAS-B2G-16-026, 36 fb )

bbyy (CMS-PAS-HIG-17-008, 36 fb™)

o 10° — Observed
2 B TSN N --- Expected
£ R

10

(@)

32

o 10

o

n o(pp—X
2
_I_TTITTTTI IHHIITI IIIHITTI IIHIITT] IIIIHH] IIIIIITII_T_T'HTTTI'\

1 1 1 1 1 1 1 | 1

IlII:‘ILlI IlI]lII_LI IIIlIIL|,| IIIIIII_L| I[IIII|_|,| L 1L

1o mP™ (GeV)

X
17
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Anomalous Higgs couplings

- Flavor violation, Rare decay

LP2017
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CMS Preliminary 35.9fb™ (13 TeV)

Search for flavor violating decay

3.
>"10""
Lepton flavor violating decay:
- Many interesting physics connecting to neutrino flavor mystery. 10 R e B
—> FCNCis forbidden in SM. But how about Higgs? ~ [observed
10°° E
H— pt, et search:  CMS-PAS-HIG-17-001 ﬁ%‘}h@ ______________
- Strong constraint Br(H—eu)~2x10-8 from p—ey or p—3e 107
experiments. But tau decay mode is rather weakly constraint. i :
10_5_ Il | IIIIII| | ;I E IIIIII!l
Flavor violation in quark sector: 10° 10* 10° 102 10"
% 200 [LALEEL BRI I B |YMT|
t>qgH, H—>yysearch: arXiv:1707.01404 3 \or. ATLAS 13 TeV, 361 0"
© g0 * Hadronic selection 3
- SM prediction: Br(t—gH)=3x10-1° € 140 ; #} {# D e
ch 1200 ' # + §HERPA YYj (scaled) 3
. . 100F- 5 i i m - =
- Use top-pair samples with two photons, (3 W HH*H E
construct top mass, m,,;. 605_ i +++++H+ _
_ : 40F- : ++H'|++++++++++ =
- Limit obtained: Br(t—>uH) < 2.4x10-3 2oL f f ++++++++*+:
00_ 50 100 150 200 250 300 350 400 450 5_00
August.7.2017 LP2017 M.y [GEV] 19



Search for “new” exclusive decay mode

e v/Z
H— py,dy search:  ATLAS-CONF-2017-057 MV%V‘ L
Y Y
- Use¢p - K*tK-and p » ntn~
> T T T T —
3000 T T T TR T T 5 - reliminar .
- Mass resolution ~4MeV & T ATLASPrelminay ¢ Dan - 250 AT e
§2500-_ Vs =13TeV, 356 b 9oKK e L + ’
. . . . . ) o g== Total Background o . ]
- Dominant background is y + jets, side-band fit. S I ] @ 2001 bl ) i
220001 - - i
Experimental challenge : S 1805 E
cC - ]
. . . ® B Data N
- Huge improvement in trigger: 35GeV photon © 1001 L i X
. - [ Background
+ 2 tracks with pt > 15GeV. o — I
-==q [ Bz—oy)=0.9x10°
z .
. {.. -6 A
Mode Branching Fragtlon [10 7] ] = 1.2F
99 100 101 102 103 1.04 105 i '
Method NRQCD [1487]  LCDA LO [1286 _ LCDHA NLO [1489] e [GeV] 5 o l++ +++++++++++++++ ++++++++*+++*++++++++
g 0.
o 80 90 100 110 120 130
Br(h — py) - 19.0£ 1.5 16.8 £0.8 Limit on Br : Myrc, [GEV]
Br(h — w) — 1.60 £ 0.17 1.48 %+ 0.08
Br(h — ¢) - 3.00 4+ 0.13 2.3140.11 Br(H—>¢y)<4.8x10‘4
Br(h — J/¢7) - 2.79 018 2.95 +0.17
-4
Br(h — Y(15)~) | (0.617541) 107" - (4.617159)-107° Br(H—py)<8.8x10
Br(h — T(25)~) | (2.021138) 1073 - (23419051077 (SM prediction Br ~10-6)
Br(h — T(3S)7) | (2.44 715y .1073 - (2137978107
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L) Typel

0
np wo
‘11//4 wh " YD nt
hl_g ----- <: h ---
ay RN W ni D :u‘_
: np N+
ut 1o? CMS-PAS-HIG-16-035 ATLAS-CONF-2016-042
CMS Preliminary L=2.8f'(13TeV) " ATLAS Preliminary
- Results in non-negligible lifetime of the bosons dark SUSY 95% CL upper limits - 3410 (s=13TeV FRVZ 2y, model
m,p=0.25GeV m, =125 GeV m, =400 MeV

—d
o
]

which can decay outside beam pipe.

1 06 == Ref. model: o(pp—>2yp) = 0.1 07 p,,(125 GeV)
B p=2)m,,=0.25 Gev

BR(H- 2y +X) = 100%

- Main background : different target

— m,,=2.0GeV

== Ref. model: o(pp—>2yp) = 0.1 oy, (125 GeV)

10*

L Limit on 6xBR(H— 2y +X) [pb]

= Dbb if lifetime is short, it can decay
inside tracking detector.

100

o (pp—>2y p+X)B*(y p—>24)[fb]

= beam-induced bkg

if long lifetime, decays outside
tracking detector.

— observed limit expected * 20

----- expected limit I expected £ 1o

110-2 0:1 1 10 \ 100 1 10 / 102

Dark photon ct [mm]

CTyp [mm] decays outside tracker
August.7.2017 LP2017 decays inside pixel detector 21



Summary

1. Search for another Higgs sector:

- MSSM Higgs bosons Strategic, excludes low and high tanp regions. ~1TeV@tanB~20-40

HL-LHC will exploit up to 400 GeV for whole parameter space.
(above 400GeV, tanp~10 is rather weak..)

2. Higgs as a probe to new physics :

- Heavy resonance X — VH or HH All decay modes (4, 6-fermion) are fully covered.

Accessible to my~ a few TeV.

3. Anomalous Higgs couplings :

- Flavor violation, Rare decay LFV for tau starts limits on theory.
Rare decay limit : ~104 (SM prediction: ~10-9)
With 3000fb-1, reach to Br(H—J/yy) < 55x106 accessible to 2nd generation.
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Perspective for HL-LHC

Constraint to SM Higgs measurements: Direct searches: ~ CMS-PAS-FTR-16-002
CMS Projection MSSM ¢—1t (13 TeV)
AT |_ - P H YS— P U B - 2 O 1 4— O 1 7 95% CL Expected exclusion: Projections:
] 13 TeV Expected (HIG-16-006) ===+ Scenario 1 (300 fb™) ====- Scenario 1 (3000 fb™)
10 +1o Expected e Scenario 2 (300 fio) e Scenario 2 (3000 fb’)
Q. : + 26 Expected - - - Stat. Only (300 fb™) - - - Stat. Only (3000 fb)
S ok : ATLAS Simulation Preliminary| @ B0 T
8 Combined h — yy, ZZ*, WW* 8 | m"°%* scenario Y
$ h — Zy, up, 11, bb
7 Exp. 95% CL at \s= 14 TeV
6 Simplified MSSM [x,,, ¥, 1]
5 —— | Ldt =300 fb™: all unc.
AT b e Ldt = 300 fo ' : No theo.
Sg : i —— | Lat=3000 fb™: all unc.
RO L Ldt = 3000 fb™' : No theo.
1 e e
() SSgetsEasanzet = e A T N B T D T
200 400 600 800 1000 1200 200 400 600 800 10001200 1400 1600 18002000
My [GeV] mA (GeV)
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Highlight: High-mass diphoton resonance

ATLAS: Update new analysis with full dataset of 2015+2016.

- L=36.7fb! (2015+2016)

- Improved photon ID (conversion track recovery)
- Re-calibrated with 2016 dataset.

CMS: Last update at Moriond 2017
- paper published in April.

Summary : Significance at my~750GeV saga

CMS | Run1(19.7fb-1)+Run2(3.3fb 1)

PRL.117(2016)051802

Old (2015) New (2015+2016)
3.9c 2.6c
ATLAS Run2, L=3.2fb"! Run2, L=36.7fb!
JHEP09(2016)001 Phys.Lett.B. arXiv:1707.04147
340 1.9c

Run1(19.7fb-1)+Run2(16.2fb1)
Phys.Lett.B.767(2017)147

August.7.2017
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Local p-value

Events / 20 GeV

1
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Dark matter with Higgs

Collider experiment: “Direct production”.

Wide interests of HEP community:

Number of ar:Xiv

Go to HEP-INSPIRE :
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Open a new signature with Higgs

ATLAS and CMS [z, Ky Ky Koo K,y Kg, 6y, B
8 - LHC Run 1

Invisible Higgs decay: (NEW) Visible Higgs decay: £

X
invisible b, vy, Z, W ...
'X . .
L’ vmbleb b, v, Z, W ...

BSM] /

—2In A

r —— Observed
6 e SM expected

g hoy X :
h,S h,S :
9 mediator X -
OC; 0.05 01 015 02 025 03 035 04 045 05
- Mono-X searches (X=Z, jet, v, ...) - Mono-H searches Basu

- SM Br(H>vvw) = 0.1% Search H + MET signature,

- Current SM measurements weakly No initial state radiation.

constrain Br(H-BSM)<~30%
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Invisible Higgs searches

Usual Higgs production, but decays "invisibly”.

Experimental challenge :

- VBF trigger, forward/backward jets with large An; and m;.

- Better control of the MET reconstruction to suppress
multijet background.

Upper limiton Br(H—inv.)<0.24 @95%C.L. JHEP.02(2017)135

(%) Relatively high pr regime (Mono-jet, V(jj)) are not considered in this talk.
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Mono-Higgs searches

q h g
, 107...,...,...,.",...,...,...,...,..w...
, Il ATLAS
7! )i s Vs=13TeV, 36.1 fb"
! 10 Z'-2HDM, Dirac DM m, = 100 GeV,
N T m, =1 TeV, m, = 200 GeV, m,. = 300 GeV
N X -— - X 10° - ’ )
AO [N H —— —— — Z'g, Dirac DM m, =1 GeV, mZ,R=200 GeV
\ 104 ‘ Heavy scalar, Scalar DM m, = 60 GeV,
\‘ G e, N, T m,, = 275 GeV
\ 10° I , 4 Data Clyy Wy-+jet
q X g '
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Z’s model /'-2HDM HSB model
H—-yy+ MET: arXiv:1706.03948 % o o 2 Y
1 “ Aot 2 +
3 Vg |
- Use di-photon trigger (35/25GeV) = s °%0 o iceV]
- MET significance and pr(yy) is strong parameter. .
> 1 IA7I'LAIS'\{"I 3TV, 3611’ e [-“. ] 3 2 VATILAIS ‘ELmITe‘vslmlfb"l ._.._‘Da.ta, .
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~ 60 Wijets — ~ tjets i
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10 = .
- Use MET trigger (70-110GeV) E15 A ¢<¢§ # \{\% *\\Q\\){\ %21.%;— ' l\\\\\{\\:\\'\\:\\#\\\\,&\\'\\;\\{\_\\'\@\\§
‘ , ‘ ’ ) S (D 1:;\\‘\\\\\ SR \;\\*\\*\\ \?\ T*\ #&K \é D(D 05;_\0 . }\ e &?‘ . Iﬁ\ . . S \\\?\\Qg
- ‘Resolved’ (my) and ‘Merged’ (m,) categories. B Y a2 (g
m, [GeV] m, [GeV]

- b-jet uncertainty is dominant (~17%)
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Interpretation to dark matter

Effective Field Theory :

Invisible Higgs: simple formalizm
21)2
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Collider searches are very powerful tool below Higgs mass.
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With 3000fb !, reach Br(H—inv.)

~2.8%.
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Search for lepton flavor violating decay

H —» ut, et search:

CMS-PAS-HIG-17-001 %

Strong constraint Br(H—ep)~2x10-8 from p—ey or p—3e experiments.

But tau decay mode is rather weakly constraint.

nore
%

Larger pt

Analysis:

Reconstruct a mass with collinear mass approximation.

eorpu

Smaller pt

Dominant systematics is jet uncertainty ~10-20%.

Limits are obtained on the Br(H—put) and Br(H—ert).

With Br limit, constrain to Yukawa coupling through

T(H — (“F) =
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