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How to find BSM Higgs

e Direct searches for additional Higgs bosons

* Production mechanism is similar to SM Higgs in many
cases, I.e., gluon-fusion, VBF (could be b-associated
production as well)

- Low cross sections
* Indirect searches

* Through deviations in precision measurements of 125 GeV
Higgs boson, top decays (t->cH), rare Higgs decays etc
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How to find BSM Higgs

e Direct searches for additional Higgs bosons

* Production mechanism is similar to SM Higgs in many
cases, I.e., gluon-fusion, VBF (could be b-associated
production as well)

- Low cross sections

* |ndirect searches

| Through deviations in precision measurements of 125 GeV
Higgs boson, top decays (t->cH), rare Higgs decays etc

These features need high luminosity and not necessarily
higher energies! An excellent case for HL-LHC
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 There are various BSM Higgs projections for HL-HLC
* All of them are available here:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/UpgradePhysicsStudies

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsFP

e Relevant notes:

ATL-PHYS-PUB-2014-017

Prospects for New Physics in Higgs Couplings Studies with the ATLAS Detector at the HL-
LHC

ATL-PHYS-PUB-2013-016
Beyond-the-Standard-Model Higgs boson searches at a High-Luminosity LHC with ATLAS
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* Relevant notes (cont.)

ATL-PHYS-PUB-2013-013

Prospects for measurements of the HZZ vertex

tensor structure in H — ZZ* — 41 decay channel
with ATLAS

ATL-PHYS-PUB-2013-012

Sensitivity of ATLAS at HL-LHC to flavour
changing neutral currents in top quark decays t —
cH, with H — yry

ATL-PHYS-PUB-2013-014

Projections for measurements of Higgs boson cross
sections, branching ratios and coupling parameters
with the ATLAS detector at a HL-LHC

(contains ZH with H->inv decay)

CMS-PAS-FTR-13-024

2HDM Neutral Higgs Future Analysis
Studies

CMS-NOTE-13-002 (arXiv:1307.7135)

Projected Performance of an Upgraded
CMS Detector at the LHC and HL-
LHC: Contribution to the Snowmass
Process

(contains Higgs to invisible
projections)
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* Detector performance for ATLAS studies shown here
follows suggestions from:

ATL-PHYS-PUB-2013-009

Performance assumptions based on full simulation for an upgraded ATLAS detector at a
High-Luminosity LHC

» Detector performance for CMS studies In ¢MS-PAS-FTR-13-024
here uses a Delphes [arXiv:1307.6346] parametrization of
the CMS detector and 140 average pile-up interactions per
bunch crossing (see in Refs. for more details)
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Direct searches

e Both ATLAS and CMS have studied various channels in
the context of 2ZHDM

e H->ZZ->4] (ATLAS, CMS)
. A->Zh->llbb (ATLAS, CMS)
o A/H->pp (ATLAS)

* Both present results for 3000fbt. ATLAS shows numbers
for 300 fb* as well.

ATL-PHYS-PUB-2013-016
CMS-PAS-FTR-13-024
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H->ZZ->4]

 ATLAS projected the analysis in arXiv:1307.1427 for a
Higgs boson with SM-Higgs width and taking interference
Into account as in the SM

* Projected limits assume that Higgs is produced either via
gluon fusion or via vector-boson-fusion (VBF)
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H->77->4]

« CMS has assumed a narrow width Higgs produced via

gluon fusion

Configuration 3 with <Np,;> = 140 —1 06 =
> oo A L L A 2 = i
o 10" = cMs simulation 2013 [ B, Bj, Bjj-vbf, BB, BBB oy C oMS Simulation 2013 99% CL exclusion
O 4 [t B, i, ttB N10°
o 10°g Vs=14TeVL=3000 fb B h N = {s=14 TeV L=3000 fb™ 5c significance
N 10 H— ZZ— 4l — H—2ZZ (m, = 300 GeV) T C
w E H - ZZ (m_ = 500 GeV) T 10 o [tan(p)=1, cos(B-ct)=-0.06]
c 4ot v H—> ZZ (M = 800 GeV) o =
q:>'J " @ 3|
TS x10°
0 ok
1 7102
10 g8 F
1 % 10 =
107 1 :t— | | | | | | | |
200 400 600 800 1000 1200 1400 200 300 400 500 600 700 800 900 1000
m(ZZ) [GeV] m,, [GeV]

NB: for comparison with the ATLAS limit you need to multiply BR(ZZ->41)~0.45%; very
good agreement between the two results.
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H->ZZ->4]

e CMS shows also the constraints from this cross section

limit projection to the CP-conserving 2HDM parameter
space

CMS Simulation 2013  vs=14TeV L=3000fo" CMS Simulation 2013 Vs =14 TeV L=3000 b~
100F - - - - - 3 100F - - - : - .
50+ ] 50t
10F 10+ |
S 37 Typel S O Typel 1
= H{»pzz = H}fzz
= my = 300 GeV = my = 500 GeV
i 1t :
— 0349 CL exclusion = 03\% CL exclusion
5o Significance 5o\Significance
Allowed (couplings) T 1 .A.JD I‘.'Eld [:CE:UP?Jn.gE].'
—ﬂ.f,li | —04 I —02 I ID.DI | IEJ:EI I IEJ.I4I I IO.@' -06 -04 -0.2 0.0 0.2 0.4 0.6
cos(f—-a) cos(f-a)
See CMS-PAS-FTR-13-024 for Pink area: constraints from HL-LHC @ 3000 fb
2HDM type-Il plots Higgs couplings projections from arXiv:1308.0052
Nikolaos Rompotis Physics at HL-LHC, 11 — 13 May 2015
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A->Zh->llbb

 Both ATLAS and CMS estimated sensitivities for a heavy
CP-odd Higgs boson decaying to Zh->llbb

Configuration 3 with <Np,> = 140

< 50000

:l III|""|""|""|"': > 1L L Ly L Oy L B B
(C'D’ 45000 - Ldt = 3000 o wie A — Zh, m, =360 GeV_f (% 107 CMS Simulation 2013 -tB., 1BB],t?]jt-t\n'Bbf, BB, BBB
2 s s=14TeV o E {s=1a Tev L=3000 fi" L U 1B. 1
40000~ ' © s Zbb+Jets E B 10° [ h
@ - : + = g A— Zh— libb — A —Zh (m, =300 GeV)
35000 - Z+Jets E w 10° . A —>Zh (m_ = 500 GeV
1130000 27 = "GEJ 10t s A = Zh (= 800 GeV)
= - >
25000 - E L 10°
20000F- = 2
= = 10
15000 —
10000 - E 10
<00k \‘\ /// E :
= ot Z7  ATLAS Preliminary, Simulation:
of Lo\ ey JTRAS Preliminary, Simulations 107
2 300 400 500 600 700 200 400 600 800 1000 1200 1400
m, [GeV] m(Zh) [GeV]
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A->Zh->llbb

* Projected cross section limits

= 10 L L L L B E 3106§
5 Expected CLs E 51 05 :_CMS Simulation 2013 95% CL excluslon
= 10 ke i Pj]r E {s=14 TeV L=3000 fb" 5c significance
T 20 . < 104 ;_ o [tan(p)=1, cos(B-u)=-0.06]
ﬁ o - - - - Expected, _[Ldt =300f6" | o =
T 1k 4 XL
< = 3 iy =
x . < F
o [ g T102L
10 . : - Q. =
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9 -10-2 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 B
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A->Zh->llbb

* Projected sensitivities from ATLAS
(also: comparison with the Run-1 ATLAS result)

o . . o R R AR R R AR R
ATLAS Preliminary, Simulation [ tanp=1 ATLAS Preliminary, Simulation [ ] my=340 % ATLAS A—Zh m,=300 GeV
_[ L dt = 3000 fb-1= \s=14 TeV W// theory inaccesible region J L dt = 3000 fb‘1 \s=14 TeV 7 ’ . . = oy 2HDM Type |
o GL i 7 ° = , Is= 7727] theory forbidden region 1 02 | Vs=8 T?V — Obs 95% CL [ +1c band |
gaéM _I_Upg_?lr imit tanp =1, | L dt = 300fb 95% CL upper limit m, =340, | L dt = 300" - 20.3f0 Exp 95% CL []+2c band -
yp 2HDM Type- L ] Excluded by At A
;‘ 900 / 5. 16 7 L o 7 - =
8 ‘:j ?%’%‘%r W// v | _
~. 800 = 14 o SE—
< A - arXiv:1502.04478 -
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600f zé 10¢ 105 E
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400 »? 67 E
4 . —
3007 ) _ 47 :
/ “ /. 2¢ 4
20_%9;--'_0'2'"-_0'1--"(')'---0'1-"'0'2---03 554 7 Mo C
’ ’ ) ) ) ’ - -0.2 -0.1 0 0.1 0.2 0.3 Co b PNty bl e P by oy Py g 1]
cos(p-a) cos(B-a) 08 -06 04 02 0 02 04 06 08

Example from 2HDM Type-I and Type-II;
see note for many more plots, discovery
potential, other mass points etc

Nikolaos Rompotis Physics at HL-LHC, 11 —
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A->Zh->llbb

* Projected sensitivities from CMS

CMS Simulation 2013 s =14 TeV  L=3000 fb™’ CMS Simulation 2013 /s =14 TeV  L=3000fb™"
100F e 100p T T
50t 50t
10} | 10t |
ot Type | 1 =
s A—Zh =
(Lma = 300 GeV ) 1t ]
Type I _ 05% (L exciusi
—95% CL exclusion A—Zh 23} S%iffijéiilufém
S0 Sigmificance Mp = 300 GeV Allovwed (couplings)
Allowed (couplings) - : : ' . . .
““““ o T e Lk —-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
-06 -04 -02 00 0.2 04 0.6
cos(f—a)

cos(f-a)

Examples from 300 GeV mass point; see the note for 500 GeV mass point as well
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Indirect searches

 Indirect searches for BSM Higgs

* Precision measurements of 125-GeV Higgs couplings
(ATLAS)

« Search for the FCNC t->cH (ATLAS)

* Constraining CP-odd component through H->ZZ->4|
(ATLAS)

* Higgs to invisible (ATLAS/CMS)

ATL-PHYS-PUB-2014-017
ATL-PHYS-PUB-2013-013
ATL-PHYS-PUB-2013-012
CMS-NOTE-13-002 (arXiv:1307.7135)
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Higgs couplings

ATLAS Simulation Preliminary
's =14 TeV: [Ldi=300 b ; [Ldt=3000 fb”
. 1

* The projected Higgs coupling
measurements in ATLAS
described In
ATL-PHYS-PUB-2014-016
can be interpreted in various
BSM Higgs models

> |
Measurements from ATL-PHYS-PUB-2014-016 H—Zy  (incl)

used in ATL-PHYS-PUB-2014-017

H— bb (comb.)

No information from differential measurements is included.
H—tt (VBF-like)

Notation for the next slides

. H—-up  (comb.)
K,i IS a parametrisation of the Higgs coupling hii: ratio
of its measured value to the SM value 0 0.2 O.4Au/u
Nikolaos Rompotis Physics at HL-LHC, 11 — 13 May 2015
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Higgs couplings: Composite Higgs

 Constraint on the compositeness scale f for various

models (§ = v* / {?)
MCHM4: k =k, = k, = V(1 - £) MCHMS: Kk, = V(1 - €),

K, = (1-26)/ V(1 - &)

Lo _L T T 1T | T 1T | T T 17T | |||||||| | | L | T T TT1 | T T 171
’ 311 — f Ldt = 300 fb™": All unc. det = 3000 fb™': All unc. 4
| — w &[T Tr T T 7 15 1 1T | IIIIIIII | T T T T | T T T T | T T T T
- oo _ 1o NMA thmm cmmmnn _ -1, ¢ :
E [Ldt = 300 fb™: No theo. [Lat = 3000 fb™: No theo. : ATL;:SV F}[:tllm;r;a?; e X ot
C s ]
1 o[- +  Standard Model 3 ) — Obs. 68% CL - = Obs. 95% CL ]
"I Combined T s=8TeV,[Ldt=2031

- h — Y ZZ*, WW* | Combined h— vY,ZZ* WW* t1,bb — Exp.68% CL =~ Exp. 95% CL ]

1.1— h > Zy, pp, tt, bb

_~“ATLAS Simulation
Preliminary 7

Exp 95/ CLat Is = 14TeV _
| 1 117

08 085 09 0% 1 105 11 115
K

Compare to the Run-I data result from"

" ATLAS (ATLAS-CONF-2014-010)
Nikolaos Rompotis Physics at HL-LHC, 11 — 13 May 2015 17
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Higgs couplings: 2HDM

« Constraints on the 2HDM parameter space based on kK, K , K, K,

precision and shown on the tanf3 (ratio of the vevs of the two
doublets) versus cos(3-o) (cos(B-a) — 1 is the SM-like limit)

siomTypel  ATLAS Simulation svomTypel  ATLAS Simulation O e o TS PrelminaY
Exp.95% CLat s=14Tev  Preliminary Exp.95% CLat s=14Tev  Preliminary Obs. ?5/° CL 1o=7TeV:JLdt=464. .
— - Combined — - Combined X Best fit Is =8 TeV: fLdt=20.3 b
—— [Ldt =300 fo": All unc. ——— [Ldt =300 fo": All unc. - -~ Exp.95% CL Combined h — yy,ZZ*WW*
--=-- |Ldt=300f" Notheo. ~ h— vy.ZZ"WW* --=-- |Ldt=300f" Notheo. ~ h— vy,ZZ"WW* h - cbb
—— JLdt=3000 fb: Allunc.  { _, Zy e ob —— JLdt=3000 fb™: Allunc.  h _, zy e b — ~SM e
- === ]Ldt=3000 fb™": No theo. - === ]Ldt=3000 fbo™": No theo. o« 100 P T T E T TR TR A
[} 10\\\ Il\I‘lllllIIII|3III||IIIE|IIII|I\Illl\ll|I B (<o} 10 T\T NT | l"l T T NT Bl [ [ ////| E ' E 1 //_
c i P | ] c i " ] S o S : | El
g \ I g /| g8 | et
4 P 4 I apB's o f )
3F P 3¢ | | = !
2 ‘ I 2 I I = ,L %
- Y B2 S U N = ol S AN W s G U s U N PPPPPY -~ CPPRECSPRTY-EP PP PRPT PPRAPRTRY. P8 vaeas | I
\ I L I I =
..... 3 - B T ST o R TR R 10 = E ]
i | | Y F | z | A ‘ gt
\ : |l I l' \ ‘\‘ “ I ,, ,' \ ‘\ I l/'///é '
0.4 I 0.4 W \ | [ "’ '
0.1 B 2 e . 0.4 ! . ‘ -1-0.8-0.6-0.40.2 0 0.20.40.60.8 1
04 -02 i 0 i 02 04 -0 0 0.1 cos(p-a)
cos(B-a) cos(p-«) Compare to the Run-I data result from

ATLAS (ATLAS-CONF-2014-010)
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Higgs couplings: other models

() The re are Oth er mOdeIS ATLAS Simulation Preliminary EW singlet
_—— L'\gt—SOO o Al Exp. 95% CL at /s = 14 TeV
. . T Tl 500 o No thes, Combined h — vy,ZZ* WW*
constrained as well: look them up SRR i
. = = = = |Ldt=3000 fb™" No theo.
. ) u;) 2 S —T T “uf».[\. T T P T 3T T\ IFH/Fl\ _' o)/‘/ R =
In the note for details  ohe NN e et
EE 0.8F | R N N R D Vo U N Tuoni5-0 v
0.7 PO ISR e\ AU Bt
062_ |;>;>‘I\/>\\‘\ ‘\\\\\ FI/FH_s =1 \° E
. 0.5F & BNENY N - E
“ " . : TR NN L2 E
hMSSM” by fitting Kk, K, K, as Electroweak singlet (fit o4 | S\ 0 = =
. . . OF e\ VL s
a function of m, and tanf3 a universal coupling K) 02 RO A
AE RN e, e
> E | ! 1 U‘I 1 \ \u I 1 \u\\ I 1 I 1 A
0% 0.05 0.1 0.15 0.2
My
= 10 so5s O :
E 9 “‘ ‘ “ EATLAS SimUIation Preliminary ;‘280 T L L | L | T T T | L | L | L | L | L | T
9 Bge! H * * _ . . . . N
gy et Combined h — vy, 227, WW* & ATLAS Simulation Preliminary 7
““‘“““““‘;“““‘“ h = Zy, uy, 77, bb 5270 — Combined h — vy, ZZ*, WW* —
7 e oo Exp. 95% CL at \s= 14 TeV - o465 T
6 “““““““:“““‘“““““ Simplified MSSM [k, K, k] : C h — Zy, pp, 17, bb
S P v s Mass scaling of 260 Exp. 95% CLat 1s=14TeV
' -1
5 “““““‘“““-‘;““““ : — J Ldt = 300 fb™": all unc. . - [e,M] .
P T COUp IngS
45 "‘““““"‘““"‘I‘“““‘ e I Ldt =300 6" : No theo 250 t SMm —
SssssEussestasiE i ' ' ~(m/M)E etc u .
3 :“:‘:“‘:‘:““f‘“‘:‘:“" " - I Ldt = 3000 6™ all unc Y - T .[ Lot =300 0" : Al une.
s ussetinties i - ' ' 240 - __
““““““‘1 \ L\ \ o e _ . i
2 ““‘"“:““‘:‘:“:“:‘:‘:“‘: ______ JLdt:SOOO 6" No theo. - - JLdt_SOO fo": No theo. -
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My [ -0.04-0.02 0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
(S
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Higgs Couplings: Dark Matter

 The Higgs to invisible BR is interpreted to WIMP constraint
assuming that H->invisible goes to WIMPs all the time

F1039LI|| T I‘_‘Illlllll T T IIIIIII T T IIIII!
§ L ATLAS Simulation |
bi 1041 Preliminary _|
e N
08 s =
oz - ]
— // 2 ///////////////// -
104 = —
— o _ —
104l \s =14 TeV, [Ldt=3000 fb -
- h—yy, h>ZZ*—4l, h>WW*Sivlv, ]
10" B h—2Zy, h—1t, h—bb, h—uu 7
[ — 8Q“E"§VSLT'EE§5A/(9§LTV° CL)  ATLAS (95%CL)in  _|
- - % - .
108~ T CDMS (95% CL) Higgs portal model: ]
| s CoGeNT (90% CL) === Scalar WIMP -~ 7]
55— XENON10 (90% CL) %44 Majorana WIMP
107" —— XENON100 (90% CL) &2 Vector WIMP —
L e SuperCDMS (90% CL) |
&7 e LUX (95% CL) .
10 L | | | I | | | | | I | | | | I 111 I—I_I'
1 10 107 10°
m, [GeV]

Nikolaos Rompotis

& 10_39|_||‘ T T I.II | T LI IITTll T T Tlll!
§ i ATLAS Preliminary ]|
bi 1041 i f

10 -
109 i -
= 7 3 -
-47 |
1077 \s=7TeV, [Ldt=4.6-4.8 "
sl \s=8TeV, [Ldt=2031"
10 | h—vy, h—>ZZ" =4, h->WW'siviv, |
10°" r h—>1t, h—bb, Zh—II+E7*° ]
[ [ DAMA/LIBRA (99.7% CL)  ATLAS (95%CL)in  _]
53| [ CRESST (95% CL) Higgs portal model: ]|
107 F ] cDMs (95%CL) === Scalar WIMP |
— I CoGeNT (90% CL) %4 Majorana WIMP
10%%}= —— XENON10(90% CL) &2 Vector WIMP
T —— XENON100 (90% CL) B
e LUX (95% CL) ]
1 O- [ ‘ 1 | | - | 1 | | | 1 | Iﬁ
1 10 10° 10°
m, [GeV]

Compare to the Run-I data result from ATLAS

(ATLAS-CONF-2014-010)

NB: log scale, so the difference, although large, is less
prominent; the Run-I plot contains also ZH,H->inv

Physics at HL-LHC, 11 — 13 May 2015
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Higgs to Invisible produced via ZH

* Projection for invisible Higgs decays

BR(H —inv.) limits at 95% (90%) CL

300 fb~!

3000 fb~!

Realistic scenario

23% (19%)

8.0% (6.7%)

Conservative scenario

32% (27%)

16% (13%)

ATL-PHYS-PUB-2013-014

c.f. ATLAS Run-I result BR(H->inv) < 62% (exp.) (arXiv:1402.3244)

Nikolaos Rompotis

= ATLAS Simulation
10° Preliminary

- E ZH - e*e/uty invisible

Events / 30 GeV

10*
10°
102

10

IIIII|'|T| IIIIIIII| IIIIIﬂTl IIII|'|T|'| IIIII|T|]

200

300

Physics at HL-LHC, 11 — 13 May 2015

10g T 71

T I T T T T I T T T T E
1s=14 TeV, [ Ldt = 3000 fb™'3

B Z+jets

o zz

BN wz

B Top quark
WWwW

400 500

Signal (BR(inv)=0.2)

I

IIIILI_lIJ IIIIII_I,II IIII|_|_|,L|

600
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FCNC: t->cH

* Higgs-induced flavor changing neutral currents can be
probed with rare top decays

ATLAS has published a search for t->qH
In which the Higgs boson decays to a

photon pair in arXiv:1403.6293

The projection study In
ATL-PHYS-PUB-2013-012

follows this analysis

See detailed presentation of this search in the “rare decay” talk by Giovanni Marchiori

Nikolaos Rompotis Physics at HL-LHC, 11 — 13 May 2015 29
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FCNC: t->cH

» Result for a conservative and a less conservative scenario

BR(t->cH) < 1.2 x 10* ( 1.4 x 10*) for nominal (conservative); compare the Run-1 result
BR < 0.8 x 10 and the order of magnitude for type-Illl 2HDM BR ~ 103

o 1 I I L
-~ - o F ]
- . _— C ATLAS ]
© jL dt=3ab", Vs = 14 TeV ATLAS Preliminary © f .
- I C IL dt=20.31b", Vs = 8 TeV]
| —— Expected, tight jet p, cuts
..... . ==: Expected, tight jet P, cuts, conservative bkg i IL dt= 47 fb'1, Vs=7TeV |
N, e Expected, loose jet P, cuts 10 —
10-1 e, N - .= Expected, loose jet P, cuts, conservative bkg - ]
E T N e 102" Observed B
S T N s - ..e-- Expected 3
2 " C@miio ]
107 = [CJ+20 ]
— P T IR B
- 0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
— Bt - qH
10‘3 | P R TR S T """I L :"'.u I . :..'1
1 15 2 2.5 3 Compare to the Run-I data result
4 .
Br(t = cH) (x107) from ATLAS arXiv:1403.6293

See detailed presentation of this search in the “rare decay” talk by Giovanni Marchiori

Nikolaos Rompotis Physics at HL-LHC, 11 — 13 May 2015 23
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HZZ vertex tensor structure

* The observation of the H->WW/ZZ decays favor H to be CP-even

 However, one can still find models (see e.g. arXiv:1003.5585) where
a CP-odd Higgs can still have considerable BRs to vector bosons

 These can be constrained through an analysis of the H->ZZ->4| final
state

The amplitude for a spin O particle to decay to vector bosons can be written
as (See LHC HXSG YR3 for details):

Scalar terms

* %k * * *| L ok q qa
!flm?xflfz‘FszmEljf (2}’W+st (1) p,.f) 12

Pseudoscalar term

AX ;g2 VV) = vl

-

i o)

: : . . :
The idea is to perform an analysis using foi = 9il "0 : bgi = arg (”h>

observables that are sensitive to: gy [Por + |9, 202 + |g,4]204 g1

o, = effective cross section for g, = 9,
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HZZ vertex tensor structure

e Variables with sensitivity to the HZZ tensor structure:
- Masses of Z and Z*, angles ¢, 6, 0,

ATLAS study described in
ATL-PHYS-PUB-2013-013

uses these and other variables in
two different methodologies: a
Matrix-Element (ME) based fit
and a 8D likelihood fit to derive

constraints on f . and ¢ .
gl gl
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HZZ vertex tensor structure

Examples of constraints from the 8D likelihood fit;
 Results look at the note for more details.

68% CL 95% CL

o B3F TV T T T\ ST T T T T o 3F —
S A ATLASSimulaton | < : ME based
2; “ Pre“mlnary ] 2} ‘‘‘‘‘‘‘‘‘‘‘‘‘ { Luminnﬁil}'| T S
- ] : ATLAS Simulation 1 3008~ | 015 043
1E / B 1E Preliminary ] 3000 fb~' | 0.037  0.20
F 3000 fb™"; 68%-95% CL] 0;— _
0:_ 300 fb™": 68%-95% CL] - 3000 fb: 68%-95% CL ] _
- . 1: 300 fb: 68%-95% CL ] 8-D LLH fit
-1 . -1 _,
L ] B ] Luminosity | fo.  fa
o , ] 2_ .................. _: 00T 020 0.29
B i = 8D Fit _ 3000 ! 006 012
- ! 8D Fit 1 BEH §
'3_| ! |E| Lovan b b v v b by by 10 7 _3_\ ! IR R NI N .
0O 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0 0.4 0.5
fg4 fg2
Compare the result with the T Hd—’ 2z —}‘” S
_ 132{ . ar @ga = an x.ﬁz{ . ar gy =1
sensitivity for the ATLAS Run-| result f 056ford.=0 and f 2056 for bos =
Jg g S B B

(ATLAS-CONF-2015-008)
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Concluding Remarks

« HL-LHC is a good opportunity to look for BSM Higgses

both di

* Hig

irectly and indirectly

n integrated luminosity samples at 14 TeV: potential to

direct searches that are unigue (i.e. cannot be done in a
dedicated ee* or yu* Higgs factory)

* Higher precision in 125-GeV Higgs measurements will
Improve the reach to indirect constraints

* Only a handful of analyses have been extrapolated by the
experimental collaborations but they can already provide a
glimpse into the physics reach
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Additional Slides
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Theory needs

 There iIs currently a very nice collaboration for Higgs physics with the
theory community within the LHC Higgs Cross sections group:

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

«— BSM Higgs specific
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG3

 For BSM specific items we have the tools to calculate cross sections
and BR

e SusHi, HIGLU can calculate 2HDM and MSSM gluon-fusion and b-
associated production

* Branching ratios are available from HDECAY, FeynHiggs
 LHC HXSG is open to more contributions! Please come and contribute!
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Nikolaos Rompotis

Higgs Couplings

Counling Expected precision
Madel 'nl'll]mr.'t;r Description 00 th 3000 fh!
e All syst. w/o theory All syst. w0 theory
| MCHM4, I Overall sigmal strength 8.5% 4.8% 6.5% 34%
EW singlet k= \Jiy Universal coupling 4.2% 24% 3.2% 1.7%
Vector boson (W, Z)
" p : 4.3% 2.5% 1.3% TR
i MCHMS. “ coupling a i " i
= 2HDM Type | o I-crml.nn t.brTp..) 8 8% 7 1% 5. 1% 326
coupling
Ky \-c(m.r bason 5.9% 5.3% 3. 7% 3.0%
coupling
ZHDM Type IL In-type femi
P MssM K i i 8.9% 7.2% 5.4% 34%
5 (1, ¢, w) coupling
ks Down-type fermion 125 12 6.7% 6.1%
(b, T, . ...) coupling
K Vector boson coupling 4.3% 2.5% 3.3% L.7%
g Quark coupling 11% T.8% 6.6% 3.6%
P» e
4 ZHDM Type I X Lepton (T, y, ) coupling 10% 9.3% 6.0% 5.1%
Ky Vector bason coupling 7.9% 7.6% 4.3% 3.7%
- - . Ip-type quark (1, ¢, u) & X ; X
5 2HDM Type IV ke DpDp i am & 1% 10% 5.6% 4.5%
lepton coupling
K Down-type quark (b, 5, d) 21% 21% 11% 9.6%
coupling
Kz Z boson coupling 8.1% 7.8% 4.3% 3.8%
KW W boson coupling B.5% B.1% 4. 8% 19%
5 t quark coupl ing 14% 11% 8.2% 5.3%
6 Mass scaling Ky b quark coupling 23% 22% 12% 10%
parmetnzation Ky T lepton coupling 14% 13% 9 R% 8. 7%
K Muon coupling 21% 21% 7.3% 1.0%
Ky Gluon effective coupling ].9% 6.3% 6.7% 2.8%
7 Hig gs portal Ky Photon effective coupling 4.9% 4.7% 2.1% 1L.7%
: Sl Kz, Zy eflective coupling 23% 23% 14% 14%
BR, Invisible branching ratio <225 <% <1 4% <10%
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