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The Higgs boson in the SM

® The Higgs boson discovery

® confirmed the Higgs mechanism that
provides masses to elementary particles

® opened the way to the exploration of a
new sector of the SM Lagrangian!



The Higgs boson in the SM

{ ~ P v ® The Higgs boson discovery
o= - 4

I ® confirmed the Higgs mechanism that
provides masses to elementary particles

® opened the way to the exploration of a
R EEE Dy o R PP R P EEEEPEEEEE : new sector of the SM Lagrangian!

® Two types of tree-level coupling to other SM
particles:

p < to Bosons

to Fermions




The Higgs boson in the SM

vV ® The Higgs boson discovery
e W ¥
U I ® confirmed the Higgs mechanism that

provides masses to elementary particles

® opened the way to the exploration of a
new sector of the SM Lagrangian!

® Higgs boson can also interact with itself,
through quartic term in Higgs potential

® Very suppressed in SM! Difficult to probe...
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Higgs boson production at the LHC

[LHC Higgs X-sec WG]

BRARRN AR R R RN R RN RN
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Higgs boson production at the LHC

[LHC Higgs X-sec WG]

M(H)=

IIIIIIIIIJIIII|IIII|IIII|IIII|IIII’IIII|IIII|I

125 GeV—

LHC HIGGS XS WG 2016

Lo
789

m—lllll

10 11 12 13 _14 15

s [TeV]

Significant increase in production
rate due to higher center of mass
energy from LHC Run-| to Run-2!

Production modes

gluon fusion
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How can we identity a Higgs boson?

[LHC Higgs X-sec WG]

3

T T TTTTTI
N
=2

uu .
IIII|IIII|IIII|IIII|I||IilIII|IIII|IIII|IIII|IIII

120 121 122 123 124 125 126 127 128 129 130
My, [GeV]

WW: High BR, but low mass
resolution

bb, TT: high BR, but low S/B,
important to directly probe
Higgs coupling to fermions

ZZ,YY (the two discovery
channels): high mass resolution
channels, with fully reconstructed
final states

MH: very small BR, but gives access
to coupling to 2nd generation
fermions

® All SM predictions fixed once mass is known (125.09 + 0.24 GeV from Run-1)

® Any observed deviation in Higgs boson properties would be a sign of New Physics!



Where are we today”?

® LHC Run-1 provided 29 fb’! of pp collision data at +/s of 7 and 8 TeV
® The results presented today are based on 36 fb! of Run-2 data at /s of 13 TeV
® [ HC is running extremely well: already >9 fb-! available for 2017 (not included yet)

® This is only I/3 of the data expected by the end of Run 2
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The Run 1 legacy

® Mass determined to 0.2% precision.

UHEP 08 (2016) 045] ® Observation of
ATLAS and CMS “®- ATLAS+CMS ATLAS and CMS -8~ ATLAS+CMS ;
LHC Run 1 :g‘l\FALSAS LHC Ru‘;ﬂ +ATLAS+ gluon fusion and
- e, —ilo I -+ CMS vector boson fusion
u F I" _+_ ~\‘—i20' ’¢" § ~~‘\_i16
Y s SR ur ST N ® Observation of
T [ DU — H-— ZZ H = WW,
i uzz S el H = vy
H e - \ : g . .
WH — X g ; ® Coupling to fermions
— ; wWw o me— B .
" e g S not fully established
ZH - — | ! o
- u e © H — TT observed
: T =
Hin S———— e N through ATLAS+CMS
5 B 5 obs . .
z —— = combination
M = o _— Npred
lllllll|[II|1|||1|I[II|IllllllllllII||1||[|||1]|| IIII|IIII|IIII|IIIIiIIII|IIII|IIII|IIII|IIII|IIII . H q bb beIOW 30
-1-050 05 1 15 2 25 3 35 4 -1 -05 0 05 1 1656 2 25 3 35 4
Parameter value Parameter value ® ttH not Ob serve C|

® Absolute Higgs boson couplings determined with precisions of 10-25%
® QOverall cross section Ao~10%, first differential distributions measured

® Spin | and 2 hypotheses, and additional Spin 0 BSM couplings, excluded at >95% C.L.
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The Quest for New Physics

So far all measurements are compatible with the SM.

The Standard Model works beautifully, but there are many phenomena it cannot explain!
® Dark Matter

® Neutrino masses

® Large Matter-Antimatter asymmetry observed in the Universe

® Mass hierarchy

® Hierarchy problem

However, the expected deviations in Higgs boson couplings depend on the New Physics scale:

2
1 TeV
JHXX ~ 1 + 5 . with & < 5% (depending on model)
S A
9uxx NP

So for A = | TeV, we need to probe Higgs couplings to better than 5%.

After Run-| measured within 10-25%... higher precision needed!
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New Run 2 results - Highlights!

® H — bosons: towards the precision era
® Cross section, inclusive and differential

® Mass measurement

® H — fermions: direct coupling to fermions
® Observationof H = TT

® FEvidence of H — bb

® ttH production

® Double Higgs production: status and prospects
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» posons: towards the precision era
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H — yy

Fit in 31 (14) categories in ATLAS (CMS) provides improved sensitivity, including to
different production modes
[CMS PAS HIG-16-040]
. [ATLAS'CO'TJF'ZO | 7'0145] | | CMS Preliminary 35.9 fb™ (13 TeV)
> - L b ot L ] > =HELNLELE L L LA DL L L B
G 700— ¢ Data ATLAS Preliminary — o - H—yy : .
5 E e Background (s=13TeV, 36.1 fo' 1 O14000 1, =125.4 GeV, {i=1.16 Q',' ;atggon?sm d E
% 600 —— Signal + Background my=125.09 GeV 215000 - (S+B) weighte E
s | — Signal In(1+S/B) weighted sum S ¢ Data -
N 500 _: 510000 :_ —_— §+B fit t _:
- et ] e componen ]
- — O R -
ol Talk by Z.Wang [Michigan U.] & 3 o000 — E
= 5 S [ ]*2 0 .
300[— — g 6000 -
= . = — 4000 -
200 — @ - ]
~ o @,2000_— ]
100:_ = B 0 - | | | | | |
o) 5 : F"/'-'\"! | E 600:—
% 402— + _; 400%—
< 20F » 200 ff
g $
7 - ol T
;\1 20 + IIIII . ¢t —f _200?} . . . . . . .
110 120 130 140 150 160 100 110 120 130 140 150 160 170 180
m,, [GeV] m,, (GeV)
0.14 0.12 0.06 0.06 0.15 0.11 +0.09 +0.06
o

Uncertainty on Y reduced by a factor of 2 with respect to Run | (compatible with
increase in statistics by almost a factor of 4)

(theo)



Events/2.5 GeV
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H— // — 4 leptons

[ATLAS-CONF-2017-043]

- ATLAS Preliminary

L H > 72Z* > 4
- 13 TeV, 36.1 fb”

IIIIIIIlIIIIlIIIIlII

100

~56 si %

120

T T T | T T T I T
¢ Data
Higgs (m, = 125.09 GeV
. L
tt+V, VVV
B Z+jets, tt
7 Uncertainty

)

;nal events

I

IIIIIIIIIIIIIIIIIIIIIIIII

140

160
mLCL)Ionstrained [G eV]

p=1.28%0-15(stat.) 1005 (exp.) T 0s (th.)

Low Signal yield, but S/B ~ 2
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CMS

[arXiv:1706.09936]
359 (13 TeV)
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! I I | I I

? [ ] ag—zz, zy*

- I z+X
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+ Data

] H(125)

I gg—2z, zy*

~66 signal events

0
70 80 90 100 110 120 130 140 150 160 170

m,, (GeV)

p = 1.0510:13 (stat) T g g (syst)

Again, uncertainty on signal strength reduced by nearly factor ~2 with respect to Run |



H — W and H = 77" combination

[ATLAS-CONF-2017-047]

o) i T ] | ]

IEI 100 ATLAS Pl’e“mlnal’y — Gpp—)H m, = 125.0.9 GGV _ Talk b)’ H.Yang
7 T A Hoyy 0 HoZZ*—4l QCD scale un'certalnty i (LBNL)
Q +

oS 80 - # combined data B Total uncertainty (scale ® PDF+a ) E

I systematic uncertainty I{L(_
60 —
40} -
o0k _

I Vs=7TeV, 45fb" ]

- Ys=8TeV, 203 fb" -

O {5 =13 TeV, 36.1 fb" -
PR [N TR T TR TN N TR TN NN T NN TN TR TN TN NN TN TN TN T S TN T S S NN T S S T N S

/ 38 9 10 11 12 13
Vs [TeV]

® Total cross section for pp —> H + X determined to be: 57.0fg:8 (stat.) ™3 4.0 (syst )pb

® Still compatible with theory prediction: 55.6%:2 pb !

® Experimental uncertainty is ~12%, theory uncertainty is ~5% (thanks to N3LO + PDF4LHC)

“Higgs-boson physics @ LHC:

® Experimental uncertainty will improve further , Gl
o : from discovery to precision
6 (combination with CMS, other channels, more data) L Reina
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doyy /dp_(H) (fo/GeV)

Ratio to NNLOPS

doy/dp’" (fbo/GeV)

Ratio to aMC@NLO + HX = =h

Different al measurements
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CMS [arXiv:1706.09936] as (13 7o0 [ATLAS-CONF-2017-032]
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Mass measurement



70 _I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII | TTT I | TTT I_
a + Data E
] [ ] H(125) 4

20

Events / 2 GeV
(e)]
=

Mass measurement

H%ZZ*

35.9 b (13 TeV)

[ q9—2z, zy*
B 992z, 2y*
B z+X

of
70 80 90 100 110 120 130 140 150 160 170

m,, (GeV)

125.26 +0.20 (stat) = 0.08 (syst)

(GeV)

Events/2.5 GeV

H%ZZ*

60 -

50 |-

0
80

Q Dala
ATLAS Prellmlnary Higgs (m, - 125,09 GeV) ]
. ZZ i
L H— ZZ* — 4l eV, VWV B
- 13 TeV, 36.1 b B Z+jets, t .

22 Uncertainty

100 120 140 160

mACr)Ionstrained [GeV]

124.88 + 0.37 (stat) + 0.05 (syst)|

~

E weights / GeV

E weights - fitted bkg

H =y

- ATLAS Prellmlnary—

700_— ¢ Data

Eoee Background (s=13TeV, 36.1 fb™ 3
600~ — Signal + Background m,=125.09 GeV T

- — Signal In(1+S/B) weighted sum 7
500 —
400 =
soo—  ewle -
2001 =
100(— =

T R K‘_AE " } E
40 + E

110 120 130 140 150 160
m,, [GeV]

125.11 + 0.21 (stat) + 0.36 (syst)

ATLAS comb.

124.98 + 0.19 (stat.) & 0.21 (syst.)

(GeV)

® Both experiments now use per-event mass errors in H = ZZ* to improve mass resolution.

® Both results alone are compatible and already competitive with the ATLAS+CMS Run | result
e [25.09 £0.21 (stat) £ 0.11 (syst) GeV
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Coupling to fermions




Higgs boson coupling to fermions (Run-1)

Indirect probe (loop-induced)

gluon fusion

000000000 t.b
qgq — H Observed! b > s
ooy tP
Direct probe (tree-level)
H — 711 Observed! (leptons)
H — bg Not observed yet (down-type quarks)
qgq — ttH Not observed yet (up-type quarks)

22 [only 3rd generation fermions highlighted here]



Talk on H = TT — Yy by V. Bhopatkar (Florida I.Tec.) [CMS-PAS-HIG-16-043]

Observation of H = 1T

35.9 b (13 TeV) 35.9fb™ (13 TeV)

(/)] 107 e E | > 1800 =TT [rrrr[rrrzt LI L LI L L L
- — . . E : M N I L I :
GCJ 6 CMS Tof —o— (Obs. - bkg.)/bkg. j 8 - CMS 40p + Obs.-bkg. | ]
IJ>J 10° i Preliminary 14— (H>trybkg. E Z 1600 Preliminary 30k B
1F [ Bkg. unc. . 0 N D .
10° 0k - C 1400~ ~# Observed 20 -
. . 04F E g L — Horx (u=1.06) |:| Bkg. unc. ]
. B e e ®l o ] ® 1200 [z 10— -
1 0 ‘ -1.5 -1 I -0.5 -c B - W+jets / hd | - i
. 0g(S/(S+B)) @ [ ) . -
- E 1000 D QCD multijet ]
10° — 5 ) L [others -10 -
3 ‘© —_DBK. ] RPPPT POTPY PPN PPPEY PP PPPTT Bin
- : z 800 TR 0 50 100 150 200250 300 1
| — . -
E + Observed L ; Q 6001~ O-jet: t,t, M, (GeV) -
oF @ W E Q a00f- \BIBF: %, :
- Deu  Hootr (u=1.06) . (@)) - oosted: er,, uT, eu, T.T,
1 C . —

|:| Bkg. unc. 200 =
1 0—1 PR TN R N T [N T T B M A A B Eerrt == v v v o v v v bvv v v by g a0
-3 -2.5 -2 -1.5 -1 -0.5 0 0 50 100 150 200 250 300

log(S/(S+B)) m,. (GeV)

® Fit to 3 categories (0-jet, boosted,VBF) x 4 channels (el ,eTh, Th, ThTh)
® 2D discriminant for signal extraction: (m+r) x (T decay mode, pt(TT), m;j)
® Run 2 significance: 4.90 (4.70 expected), signal strength: 1 = 1.06i8;§2

® First single experiment observation through combination with Run |:5.90.
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Events / 0.25

Pull (stat.)

24

36 I fb ' of Run 2 data

109 EI - data ' lé:
10°E - ATLAS Prellmlnary -¥vZW—> Vbb (u-1 11)3_
= | 5
E Vs =13 TeV, 36.1 fb” = Vh =
10 E 0+1+2 leptons -tst|ng|e top 3
6 ; _ Multijet
10 n 2+3 jets, 2 b-tags mm W-(bb,bc,cc,bl) 5
sF W+cl 3
10 W+ =
Bl Z+(bb,bc,cc,bl) 3
4 m Z+cl
10 Z+ll Eg
10°
10° 3
10 -
1 -
105 T - T
5F
0_ P N B -
-2.5 -2 -1.5 -1 -0.5 0 0.5
Iogw(S/B)

VZ,Z = bb: p = 1.11773)
5.80 (5.30 expected)

Events / 0.25

Pull (stat.)

—vidence for H = bb

36 I fb | of Run 2 data

||||||||||||||||||||||||||||||||

10° —e-Data | ﬁ
ATLAS Prellmlnary -\ISH — Vbb (1=1.20) S
107 Vs =13 TeV , 36.1 fo! = Diboson P
Single t S
106~ 0+1+2leptons — MILTI‘ct]ijztop L%’
2+3 jets, 2 b-tags mm W-+(bb,bc,cc,bl)
5 Wcl
10 Wl
mm Z+(bb,bc,cc,bl)
10% ===  Z+cl

Z+l

IIIIII.IJI |II|I.|.lII |II||.|.|J.| IIIIIlIJI IIIIIIII| LI

Pull (stat.)

VH,H = bb:jt = 1.207052

3.50 (3.00 expected)

[ATLAS-CONF-2017-041]

36Ifb'Run2+25fb'RunI

10
10 ATLAS Prellmlnary -o- Data
10°E 5 =7TeV, 4.7 fo" - VH > Vbb (1=0.90)
T i Diboson
10%E- (s =8 TeV, 20.3 fb" tst_ngle top
ol
107 (s =13TeV, 36.1 fb™ Multijet
B W+(bb,bc,cc,bl)
10° W+cl
W+l
10° mm Z+(bb,bc,cc,bl)
.  Z+cl
10
10°
102

VH,H — bb: u_o9o+
3.60 (4.00 expected)

® Fit to 3 channels (0-, |-, 2-lepton) targeting associated VH production at high pt(V)

® Multi Variate Analysis (BDT) based on m(bb), pt(V), AR(bb) as most important variables

® First evidence for H — bb at the LHC!

® Previously evidence reported at Tevatron (2.80 @ mn=125 GeV, 3.10 global, |.50 exp.)
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Events / 10 GeV (Weighted, backgr. sub.)

12

10

36.1 fb'! of Run-2 data

T I 17T LI L LI LI I LI I LI I T TT I I
 ATLAS Preliminary —eo— Data ]
- (s=13TeV,36.11b" B VH — Vbb (1=1.30)-
— 0+1+2 leptons Diboson

_ [ Uncertainty
| 243 jets, 2 b-tags

Weighted by S/B Dijet mass analysis

i,

lIIIlIlllllllllIIlll

Illllllllllllll

=
" =

11 1

__[IIlllllllllllllllllllllllllllllll]—

40 60 80 100 120 140 160 180 200
m,, [GeV]

[ATLAS-CONF-2017-041]

—vidence for H = bb

Validated with m(bb) based analysis
® 3.50 evidence (2.80 expected)

BothVZ,Z — bb andVH, H — bb peaks
clearly visible!



Talk by J. Duarte (Fermilab)

H jet

Events / 7 GeV

Data - (Multijet + tf)

require double b-tagging)
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8000

7000

6000

5000

4000

3000

2000

1000

Inclusive H — bb

[CMS-PAS-HIG-17-010]

Look for ggF H — bb with pt(H) > 450 GeV (particularly sensitive to BSM physics!)

35.9 fb' (13 TeV)
T l T T T ] T T T [ L T T ] ] L T ] T T T ] T T T

m

IIII

T T T ] T T
CMS 450 <p_<1000 GeV
Preliminary T

double-b tag > 0.9

mm H(bb)
¢ Data

|[lll|llll|lllll

.
*
1,11

llllllllllll'lllll

pereed  Srveem

IIIII|IIIIIIIII|IIIIIIIII|IIII|III III

¥ : 510 (5.80 expected)

geF H — bb: p = 2311
1.50 (0.70 expected)

10~ | | -
++ ..... Ko

0 Pttt B e SRS -

%0 60 80 100 120 140 160 180 200

Mg, (GeV)

Reconstruct Z/H — bb in a single R=0.8 AntiKt jet (remove soft activity, require a 2-prong decay,

Clear observation of Z = bb peak! Demonstrates new technique to look for inclusive H — bb,
and potential to extend differential measurements to pT(H)>450 GeV!
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Measuring ttH production

Access production mode by measuring as many decays as possible:

o

‘.+
< T
+

=<,y
o b
H b
W- q
g
b
H — bb . H - WTW-
’ H — 71

(multi-leptons)

Higher 0 x BR

Higher purity I



Run-2 ttH results
incomplete dataset (~13 fb)

ATLAS i CMS

: Signal strength Slgmf obs (exp.): Slgnal strength Signif. obs (exp.)

28

21710 1 230(120) | —0.2408 | <0g

25719 1 220 (1.00) | 15405 | 330 (250)

1
----------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------

. <69@95%CLI ~00 i go*tl? | <og

® The ATLAS+CMS Run-| combination left us with a signal strength of 2.3J_r8:g (4.40 obs.)

® Run-2 analyses not yet all completed, but seem to hint at the presence of a ttH signal
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Run-2 ttH results
incomplete dataset (~13 fb)

, ATLAS i CMS
: Signal strength Slgmf obs (exp.): Slgnal strength Signif. obs (exp.)

H—bb | 21759 | 230(120) i —02+08 | _

-----
....

multi-leptons  § 2.571% 1 220 (1.00) § 15405 330(250)

N ‘
.. s =
oo =

1.1 :
| or 2 Th + X 0.7406 [ | 45 (1.80) ;
H — vy 05406 i |00(|8c) 2.219 3.30 (1.50)

H— 77 ;<6.9@95%CL§ - 0012 :

® The ATLAS+CMS Run-1 combination left us with a signal strength of 2. 3Jr ¢ (4.40 obs.)

® Run-2 analyses not yet all completed, but seem to hint at the presence of a ttH signal

® Several analyses already with expected sensitivity close or above 20.
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DI-

Iggs production




SM

BSM
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Resonant

S IIR -h
A>-X—0:
000 “h

KK gravitons, heavy higgs, ...

Di-Higgs production

Ahhh

~1/1500

gg — hh) = 33.5 b
[Higgs Xsec WG Report 4]

o(gg — h) = 48.5 pb
o

tthh vertex, coloured scalars, ...

Where to look
for Di-Higgs
production?

hh decay branching ratios

bbbb bbWW bbrr bbyy

34% 295% %  0.26%

0.1%
Higher 0 x BR

Higher purity I
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Di-Higgs production in Run-2

Limits on SM Di-Higgs : :
production @ 95% CL ATLAS complete dataset (~36 fb')
incomplete dataset (~13 fb!)
incomplete dataset (~3 fb”')

® Soon reaching x|10 SM sensitivity (HH — bbyy and HH — bbbb most promising)

® |mportant milestone to demonstrate sensitivity to Higgs self-coupling with ~3000 fb-! (HL-LHC)



Conclusions

Thanks to the first 36 fb-! of Run-2 data:

® The bosonic decay channels entered a precision era (x2 improvement in uncertainty)

® Significant progress on coupling to fermions

® FEvidence for H — bb, Single exp. observation of H = TT, Emergence of ttH signal
® Sensitivity to di-Higgs production approaching 10x SM
Higgs physics an important indirect probe for New Physics: so far no deviations from SM...

But still at the beginning of a long journey! Only analysed ~1/100 of the final LHC luminosity.

7 TeV Civil Eng. P1-P5 regions

|
High "
LHC / HL-LHC Plan Luminosity .
" LHC .
| |
| . l ia) |
i |
Run1 ‘ Run 2 | | Run3 1
|

LS1 14 TeV 14 TeV
13-14 TeV enelyy
splice consolidation injector upgrade . 5107 ¥ 1
8 TeV button collimators cryo Point 4 pIYONWN HL-LHC installation naminal 1
ract :

|

R2E project

2011 2012 2015 2016 2020

T ﬂ"ﬂf3|€?,;,f;b3'l- 000 fb-!i

- [
EXd 150 b 300 b o A

experiment upgrade experiment upgr e
phase 1 phase 2




BACKUP
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Mass measurement



-2 AlnL

HIgQgs boson width
H— ZZ7

CMS 35.9 b (13 TeV)
=T T 1 | | | L | | I | 1T 1771 | T I | 1 L I \',1—
101~ [arXiv:1706.09936] n

'y < 1.1 GeV (95% C.L.)

——— Observed

------- Expected

® Takes into account interference between
signal and background.
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Simplified template cross-section results



Simplified template cross-sections

® Proposed in LHC Higgs Cross Section WG Yellow Report 4 [M. Duehrssen et al.]

® Extends the signal strength approach, sub-dividing the inclusive phase space into

sub-spaces based on truth information

® Defined in such a way to minimize dependence on theory assumptions

® Maximize experimental sensitivity

® Result (incl. full covariance matrix) can then be used for multiple interpretations

® |dea: proceed per stages, with more sub-divisions once data statistics allows for that

bbH

tH

® Stage O:
(EWqqH) (H + leptonic V)
[oof | [ ver | | vA
(Run1-like)
qq - WH
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Stage 0 results
H — vy H— 77"

[CMS PAS HIG-16-040] oS [a"X‘V;'SZﬁg;O?:if’\]/
CMS Preliminary 35.9fb' (13 TeV) BN R 2l 3.1
l T T T T T I T T T I T T I ' T T T I 1 T
. H— zZ* — 4
H_>YY - Per proceSS + 1o OggH/ Oiheo = 120;?23 ¢
. B lyyl <2.5
H | 1.05%0 Bl sm prediction Siage D subpronesses
gg U9 .19 my, = 125.09 GeV
- ] _ +1.02
o6 filed Over | Oneo = 0-04.90, 2 || SM prediction
VBF | o063 my profile
ttH | 2209 —a— Oyrnag! Opeo = 0-002%0 @
WH leptonic | 3.17? } u |
B ] 0'VHIep / 0'theo = Ooof)gg ¢
ZH leptonic | 003’ m—
H +2.5 l | +1.
VH had ronIC |4.1l .231 1 1 1 I l 1 1 1 I. 1 1 1 l lI 1 1 I 1 1 OﬁH / Otheo B 0.00_2)103 ‘
_2 O 2 4 6 8 IlII|IIIIlllllllllllllllllll
Oprod! Ttheo O 05 1 15 2 25 3

® Other decay channels, and experiment combination, will help constrain the subleading
production modes.
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Going into further sub-divisions...

® Stage | (reduced by merging regions indicated by red boxes):

_ VH (H + leptonic V)

: :
e T T o T, : l
= 01V WTEYIE
[Fow] | -] [ — |
(+) W — fv (+) Z — U +vi
+) ‘ [ p¥10,150 [ p¥ 10,150 —[p¥i0,150]_|
pY. [150, 250] pY, [150, 250] Y, [150, oo]
( >t - ( )|:=m ( )t-
- - -
S ST B
High pt most sensitive to BSM [P (250, <] - Pk (250, oc]

_ (EWggH incl. VH — qqH)

- bbH tH

P! [0,200]

> 2-jet VBF cuts
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Results from H = ZZ"and H = yy

[ATLAS-CONF-2017-047]

a F -y =
a —  gg—H, O-jet ATLAS preliminary ° Data =
s Vs=13TeV, 36.1 b ; -
o —>

mn - _ H—yy and H—=Z2Z*—4l p qqgoquq V S SM .

~ gg > et - 125.00 GeV, ly | <2 TS
= 10 pi<60Gev My=1c0.U9GEV ly, [< '5+ + —
g_ E + - “BSM” bln E
B gg—H, = 2-jet -
- . H <200 Ge .

gg—H, 1-jet Pr <
like /qq—HIl/HI
520 60 < p" < 120 GeV or VBF-lik 9999 Y golaq—ttH
TE- misf — | 4 =
— ~ 16} - Tl -
— =14} 1 gg—H, 1-jet gg—H, = 1-jet 'I' -
S e ’ - H —
i ’ 120 < pH < 200 GeV Py = 200 GeV ® -
- 10} 1 T +qq—Hqq ® |
8 p._=200 GeV

Simplified template cross section mdg

® Some measurements are slightly high, this is due to a small (~20) excess seen in 2 jet events,
bothinH = yyand H = ZZ"

® First template cross-section measurements reality, but more work (combination with
other channels and of two experiments) needed!
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Coupling to fermions




Combined
!-LH _ 2-3+1.8

-1.6

[800, 1000] GeV

+6.1

M= 7.20,5

(675, 800] GeV
“H _ _0.5+3.2

-3.1

(600, 675] GeV

1550, 600] GeV
L= 1 '7+2.6

H 2.7

1500, 550] GeV
HH — O-3+3.1

-3.1

[450, 500] GeV

+4.0
M= 8.9055

Search for ggk, H = bb

CMS
| Preliminary

10 5

35.9 fb' (13 TeV)
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“Boosted” H — bb search:
can check for
New Physics

contributions arising
at high pT(H)



Talk by A.White (U. Michigan)

Coupling to 2nd generation fermions
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H — MJ:clear mass peak,

but extremely small
BR (~0.02%)

Only a matter of
statistics!

ATLAS alone (Run-1+Run-2)

® BR <2.8xSM (exp.2.9)
@ 95% C.L.

Getting closer to
SM sensitivity!

Events / 2 GeV

Data/MC

[arXiv: 1 705.04582]

1075"'I""l""I""I""I""I""I""I""I" =
- ATLAS +Data  —ggF x 100 J
= Top —VHx100 =
5| Diboson |
10° &= =
10° = —=
= —|_'_|_ Z~200 events |
10° = sig =
= Rl =
10° - Sl =
- N e AU BT v I I N B B
L ——.—__ =
L] S =
1E —== =
0B =
0.6 o S S S o o S
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