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e Introduction to Higgs at LHC

« SM Higgs results with 13 TeV data

H->vy

H>ZZ*

H->WW*

H->1T1 (only MSSM Higgs results, no mention in this talk.)
H->uu

H->bb

ttH, H->bb, H->multilepton

Di-Higgs searches

« Results from HL-LHC 3000 fb"
¢ Summary

DN N N NN Y VRN
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Higgs Production at mH = 125 GeV
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Higgs Production at mH = 125 GeV

!—|1 c _:
8 E pp—H(NSLOQCD + NLO EW) Vs=13 TeV -
[S— —
< L

+ =

I

T 10 3
g r

% [_PP—daH (NNLOQCD + NLO EW)

I___pp— WH (NNLO QCD + NLO EwW)
1 pp — ZH (NNLO QCD + NLO EW)

£ pp - ttH (NLO QCD + NLO EW)

<> 87.2%: gluon-gluon fusion (ggF)

< 6.8%: vector boson fusion (VBF)

< 4.1%: WH/ZH

< 0.9%: ttH

<> Observed modes: ggF and VBF

<> Cross sections increase from Run |
to Run Il by a factor of 2 to 3.9 (ttH)

[ pp—bbH (NNLO QCD in 5FS, NLO QCD in 4FS)
107 =
1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
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M,, [GeV]
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Higgs Boson Decays

Higgs BR + Total Uncert
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Higgs decays at m«=125GeV

ww 99 b
21% 9% 6% ¢

/_3%

2z

3%
\Other

<> bb largest BR, huge background

<> WW: high rate but worse resolution
in Ivlv

<> tt: VBF is better for bkg. suppression

<> vy and ZZ: good mass resolution

<> uM: clean, but tiny BR

<> vV, ZZ, WW, tt observed in Run |
(significance >50)
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Data Collected by ATLAS and CMS

CMS Integrated Luminosity, pp

n‘Z‘ -~ rrrrrre T T Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC
£. 50— ATLAS Online Luminosity = /s=13Tev — _. 60 ‘ ‘ ‘ : : ‘ :
> C . ] = = 2010, 7 TeV, 45.0 pb '
= C ™ LHC Delivered 7 g — 2011, 7 TeV, 6.1 " . ]
2 4o [JATLAS Recorded ] > 50 — 2012, 8TeV, 23.3 i) Delivered
S B . » ‘@ = 2015, 13 TeV, 4.2 b~
3 [ Total Delivered: 38.9 fb | g a0l 2016, 13 TeV. 41.1 ! 140
5 - Total Recorded: 36.0 fb™" . = ' e
@ 30 - g
© - y 3
05)’ C i B 301 130
E 20_— - -l‘-'j
IS C 5 . :.’, 201 120
R 10 A £
C g = 10 {10
. g
L. PR TN (N T U N W (NS '2 0 Mx 50 ‘ o
18/04 16/05 13/06 11/07 08/08 05/09 03/.10 31/10 ‘&PQ‘ \,‘,\ei W s\"\ x"‘w y(,e? x°é s‘@‘ s°e°
Day in 2016 Date (UTC)
17/12/2016 Lianliang Ma @the 2nd CLHCP WS



Data Collected by ATLAS and CMS

CMS Integrated Luminosity, pp

'.-';‘ cro oot rrenrrrrrer e e e Data included from 2010-03-30 11:22 to 2016-10-27 14:12 UTC
£, 50— ATLAS Online Luminosity  Vs=13Tev — _. 60 o107 Tev a0t ‘ ‘
% - [ Hc peiivered - = —_— 2011: 7T:v: 6.1 fbp” .
£ 40 [JATLAS Recorded — :;-50 — 2012,8Tev, 2330 [INCGENCCERE
S C _ § '@ — 2015, 13 TeV, 4.2 b’
3 [ Total Delivered: 38.9 fb i g a0l 2016, 13 TeV, 41.1 -1 lao
5 - Total Recorded: 36.0 fb™ . = ’ P
o 30 - g
< L - |
GE; - : S 30f 130
£ 20 7 %
— - . 5 20+ 120
g g
= L —8 =
10: 13 = 10 110
N 1s e
0_| Ll PR N T I T TN ST S O SN SO S N R \_ '2 OMXSO ‘ 0
18/04 16/05 13/06 11/07 08/08 05/09 03/10 31/10 &W‘ W o xp\;@ x(,ev x°°‘ s‘@‘ ‘°e°
. Y
Day in 2016 Date (UTC)
":-‘ 200'__I\II|IIII‘IIII|IIII|fl\I]IIIll\l\lllllll\ll\l\lli
L  ATLAS Online, Vs=13 TeV [Lalt=33.5 f" -
o 180 =
= E [ 2015:<p>=137 o
> 160 0 2016:<u>=242
2 140 Bl Total: <p>=229 . . . .
c = . —-—
£ 0 E <> Pileup with <p> = 24.2, slightly higher
= 100F —
B el E than 8 TeV data <p> = 20.7
5 F m
> E ]
S 60 — : : H
8 o EF <> Results in this talk is based on ICHEP
201 =N : . )
s Bl S 2016 results with Lumi <= 14.8 fb!
5 10 15 20 25 30 35 40 45 50
Mean Number of Interactions per Crossing
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Higgs Results with ATLAS+CMS Run |

Phys. Rev. Lett. 114, 191803 J. High Enerqgy Phys. 08 (2016) 045

L L R BN
ATLAS and CMS +$|E)servedti1c f;léA:uinf cms i Total Stat. = Syst.
LHC Run 1 - uneert ATLAS H—yy F————H 126.02 tT(;:l(tts)fZ;iiyzs;) GeV
YY - ’- CMS H—yy = 124.70 £ 0.34 (£ 0.31£ 0.15) GeV
LCL» 27 | » ATLAS H—ZZ -4l — 124,51+ 0.52 (+0.52 £ 0.04) GeV
(@)} WW - CMS H—ZZ 41 —— 125.59 +0.45 (+0.42 £ 0.17) GeV
| - | amassems yy 4 =— 12507029 (£025+014) GeV
'Y'Y Jo— ATLAS+CMS 4] |—:E—| 125.15 £ 0.40 (£ 0.37 £ 0.15) GeV
m . e T - P oo T omtomen
Y4 ——+ .
i - ——
WW | - m,, (GeV]
(% is-
YY I —
% WW | e
oF — 1 <> ggF results in reach of the
i theoretical uncertainties
EJ WW | ! *
(4 —— : .
ot o <> WH/ZH/ttH with large uncertainty
YY ———
L v . +
- ww 5 < Mass: 125.09+0.24GeV used for
et = '
-~ 1T - > . .
- 3 Hi m In Run Il
oo A 885 Mass

6 4 =2 0 2 4 6 8 10
¢ - B norm. to SM prediction
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Run Il Results from ATLAS and CMS

Only selected results presented in this talk!
All references are hyperlinked.
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H->vyy: Analysis Overview

<> Signature: 2 isolated photons, narrow peak on falling background

<> Events Categorized in production modes, signal extracted from the fit on m,,
ATLAS (13): 2 ttH, 5 VH, 2 VBF, 4 ggF; CMS (8): 2 ttH, 2 VBF, 4 untagged based on BDT score

<> Backgrounds: SM yy (78.9%), y-jet (18.6%), di-jet(2.5%) | ]
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H->vyy: Analysis Overview

Signature: 2 isolated photons, narrow peak on a falling background

> <

Events categorized in production modes, signal extracted from the fiton m,,
ATLAS (13): 2 ttH, 5 VH, 2 VBF, 4 ggF; CMS (8): 2 ttH, 2 VBF, 4 untagged based on BDT score

<> Backgrounds: SM yy (78.9%), y-jet (18.6%), di-jet(2.5%) | ]
2 200F ' VT T CMS Preiiminary 12.9 fb” (13 TeV)
8 2 o baa ATLAS Preliminary > FT RN R s e o REa
2 qgof— v Background \s=13TeV, 133107 3 G - H— ~ All categories ]
= — + - _ - L — - i
2 160”_ —_— 2322: eckgrosd H w'.mq 125.09 GeV E ; : m,=126.0 GeV, u=0.95 S/(S+B) weighted ]
2 E S/B weighted sum of B + 4000 ]
I event categories e 5 C ¢ Data .
140 E > C — S+B it ]
E = m .
120 — - 3000 ~ e B component -
- [0) B + i
100 — — - C - 1o i
- 2 000 [ 1+20 ]

80~ 4.70 (5.40 exp. 2

oF ( > €XP ) = 0 5.60 (6.20 exp.)

E : @ 1000~
40— —] (\D/ C ]
20::._ —: a O_I 11 1 I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 11 1 | I 1 1 1 |_
. 185_‘ 1 T I : __ 200 E ' B component subtréctedé
u  SE 100 =
g o 0 :
'; —
N sE ~100 =

110 120 130 140 150 160 100 110 120 130 140 _ 150 _ 160 _ 170 _ 180

m.., [GeV] GeV
ATLAS-CONF-2016-067 " CMS-PAS-HIG-16-020 My (GeV)
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H-2>vy: Signal Strength

CMS Preliminary

12.9fb™ (13TeV)
T T T T l T

LA B ELAL AL BN T T L I
"~ ATLAS Preliminary et Total dadd S5 Combined + 1o
| Vs=13TeV, 13.3fb" —— Per category * 1o
Yw [~ * Hy =025 [5G B L
m o7 es N
MVH — ® L =0.23 jg; ggH H combined = 0.95 —gf;
Yer ——— 1, =224 tot B my Profiled |
1) 161708 no=1
uggH — —e— MggH =0.59 +g:§2 Ver i
l/LRun-Z B e MFtun-Zzo'85 tg;i B )
. u 191712
MRun-1 I e p‘F{un-1=1'17 +8:22 ttH
1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 1
R pod g ey
Signal Strength H
ATLAS result:
ATLAS CMS +32
 |ATAas X BH o) = & E B
+0.22 +0.21
Run Il 0.85%< 0.95%%4 ;) 1¢ over X B(H — yy) = 192 '8 fp
+0.28 +0.26 _ +6.5
Runl 1.17+028 1.14+026 cynxBH > yy) = 1275 o
+1.4
CMS: Eur. Phys. J. C 74 (2014) 3076
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H—-2>vyy: Cross Section

Fiducial and differential X-section: the most model-independent measurements

of the Higgs properties, corrected for detector inefficiency and resolution.
Ofid = O'H X BRoyy X facc

ATLAS (13.3 fb?) 43.2 + 14.9(stat) + 4.9 (syst) 62.8°5(N3LO + XH)

CMS (12.9 fb) 69715 (stat): (syst) 73.8 +3.8
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H->yy: Cross Section

Fiducial and differential X-section: the most model-independent measurements
of the Higgs properties, corrected for detector inefficiency and resolution.

ATLAS (13.3 fb}) 43.2 + 14.9(stat) = 4.9 (syst) 62.8°1(N3LO+ XH)
+16
CMS (12.9 fb?) 695 (stat)*; (syst) 73.8+3.8

3 Tarias eimnay | mermooce Z [arcas vy o
=) :ﬁjata’ ;%t'_u:g'TeDV Silzt?,ufzi .ij;:’ =N1N:_((>) PS+XH: & | - data, tot. unc. [I] syst. unc. .igeH_N1N:.(?PS+XH
im'.' [ Hryis= » 13, e XH-VBF+ VH + ttH | [H—yy, (s=13TeV, 133 1" ---XgHg_;HV_BF'+VH+ttH
3; 1 40 anti k, R =0.4, pT>30Ge\7
S

ATLAS: differential

0_5; ; 201

Cross measurements i 1 ' |
‘e | ——
5 5
g ! P \
g o% | % o ;] —— =

0 20 40 60 80 100 120 140 160 180 200 =0 =1 =2 >3
py [GeV] Nigss
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H—>2ZZ*: Analysis Overview

<> Signature: 2 pairs of isolated, oppositely charged, same flavor leptons

(e,u), narrow peak on a flat background

<> All production modes , and signal yield from fit in m,, distribution
<> Dominant Syst.: luminosity and lepton scale-factors (< stat. uncert.)
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H—>2ZZ*: Analysis Overview

<> Signature: 2 pairs of isolated, oppositely charged, same flavor leptons

(e,u), narrow peak on a flat background

<> All production modes , and signal yield from fit in m,, distribution
<> Dominant Syst.: luminosity and lepton scale-factors (< stat. uncert.)

% 35 il ' I o | o I .l I I-I l o l.ll IDlal.t;.I i | o I " I: > clllwlsllpirle{”;ninlalr}lll | TTTT | TTTT TTTT | TTTT | T |12||9|f|b|1 I(1|3I T?Y)
Eg i ;:TL;\: Pr:llmlnaryE;,izg*gs (m, = 125 GeV) ] § 455— o E
. rH— - Tiots ] T 40F ] H£125) -
% 30 T 13 TeV, 14.8 fb” -th,J\/t \}\t/tv ] L = ] q9—22Z, zy: .
r B w1 Uncertainty ] g 351 W 9927, Zy*
o 25 - o F W Z+X .
N : 30f -
20 F = 3 -
- ] 255 6.20 (6.50 exp.)
15 * - 20 =
101 s 8 E
- . 101 } E
S f - = s
H . # 5F =
0 - -
80 90 100110120 130 140 150 160 170 % 80 90 100 110 120 130 140 150 160 170
ATLAS-CONF-2016-079 CMS-PAS-HIG-16-033
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H—>2Z*: Cross Section

-1 +1. +0.
ATLAS (14.8 fb) 4547102 30702
CMS (12.9 fb) 22977 (stat) " s (syst) 2.53+0.13
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H—>2Z*: Cross Section

ATLAS (14.8 fbl) 4 54+1.02 3 07+0.21
~7_0.90 T 0-025
-1 +0.74 +0.30 +
CMS (12.9 fb™) 2297 . (stat)’ 5 (syst) 2.53+0.13
CMS Preliminary 12.9 b (13 TeV) CMS Preliminary 12.9 b (13 TeV)
—— TTT I TTT I TTT I 1T I TTT I TTT I TTT I TTT I TTT I TTT | | [ I I I
- , 1 Q , Hj
%_) 1E }  Data (stat@sys. unc) % 9g--H (POWHEG+JHUGen) + XHy = 10 3 }  Data (stat@sys. unc) % gg—H (POWHEG-+JHUGen) + XH3
% ; === Systematic uncertainty Model dependence : O:C:) E === Systematic uncertainty Model dependence ]
— i DXH:VBF+VH+I‘[H i 10;DXH=VBF+VH+ttH =
g 10" e E E ]
T 5 Y 3
o~ I e - U3 wms E
o 10%F E : %%j%% ]
9 ; / | - i
e r v 1L ' Z
= b 107'E RS { 3
@) - ey 1 F
© 10-3 ﬂ—r— = B
b 1 102k %
P o o e 0 8 0 s @ i ! ! .
I I
=z = 3.g
o 145 O 25
7 s 43
2 §3 (S g bk
© . : | | | | | | | | | © 05
[a sl . T T T T T T A YD o 0 |
0 20 40 60 80 100 120 140 160 180 200 0 1 2 >3
p.(H) [GeV] N(jets)
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100

80

Combination of H2yy and H>2Z*

| ATLAS Preliminary
L AH-yy 0 H-SZZ >4l

— Oppsy My =125.09 GeV

QCD scale uncertainty

mm Tot. uncert. (scale ® PDF+a. )

¢ comb. data syst. unc.

Vs=7TeV, 451"
Vs=8TeV, 20.3 b

0 Vs=13TeV, 13.3 b7 (yy), 148 b" (ZZ*) ]
7 T8 9 10 11 1z i3
ATLAS-CONF-2016-081 Vs [TeV]
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Combination of H2yy and H>2Z*

100 19.7 1" (8 TeV) + 12.9 b (13 TeV)
= — — — T T T g 190 T \“\““\““\ ‘\ AREERRE
2 100_ ATLAS Pre||m|nary — Gpyy My =125.09 GeV N g goiCMSPrehmlnary

3 [ AHoyy 0 HoZZ54l QCD scale uncertainty i ° . Hevv
g - comb. data syst. unc. mm Tot. uncert. (scale ® PDF+a.) 4 80 Data (estitm)
© 80 — — [ = syst. uncertainty
| . 70 5 SM (m,=125.09 gev) -
B r - norm. LHC Higgs XSWG YR4

—_ 60; acc. AMC@NLO B

: 50; ]

3 ;

- 30; i

. (s=7TeV, 45" ] . E

| vg - 8 Tev, 20'3 fb'1 a 20 1 1;1 11 lél 11 lél 11 11101 11 11111 11 1151 11 1151 11 11|4.1 1

Un Vs=13TeV, 133 0" (yy), 14.8 o (ZZ*) ] CMS-PAS-HIG-16-020 Is (TeV)
7 8 9 10 11 12 13 — 5 | CARN | (. |Iel\/) .1.3./.?. ® |Ie|vl) .1.4.7 ™ Iulal 1ev)
o) L i
ATLAS-CONF-2016-081 (5 [TeV] 2 | CMS preiiminay :
O“: 4 C + Data (stat. @ sys. unc.) ]
B Systematic uncertainty ]
C l:l Model dependence 7
3 __ Standard model (m, = 125 GeV, N°LO gg— H ]
<~ ATLAS: larger cross section than the prediction g E
at 7/8 TeV, ZZ higher at 13 TeV, but yy is lower 15 :
<> CMS has quite consistent results between ZZ i :
(0] ==Nur P AR AT AT AT ST ATAT A -
and yy. (s (TeV)

CMS-PAS-HIG-16-033
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H->WW?*: Analysis Overview

CMS: 2.3fb?, 0-jet & 1-jet, cut-based in 2D of m; vs m,"
observed 0.70 (2.00 expected) for ggF

ATLAS: 5.8 fb!, VBF & WH, BDT-based analysis
observed 1.90 (1.20 expected) for VBF, 0.8c (0.20 expected) for WH

CMSPreliminary L =2.3/fb (1 3 TeV) c 350 :
£ 800F T ' = ol C , :
s 7 mpy | Fake - ~ F ATLAS Prellmlnary + Daa 72 SMsys) 3
@ 70op and e Vi E £ 300 (5-13Tev, 5.81 10" = B Wogets = oes T
- [ 0 VZiy*ly 3 o) C Top Other VV .
600 I:I Higgs —+- Data E o 250 H=WW —eyi+ue (VBF) B ww [ OtherHiggs _]
500 ; 7] Systematics E - W, OHe .
- = 200 201 —
4001 . 3 [ N
- O-jet - o | :
Wer22 E 150 2 15F =
200 = ey 3 oEssoiit toooeeos 2 - .
c | ' ‘ "—""‘—!=I%E % | f
g el - 50 2 5F -
‘é 1‘21 Tt e R oA 7% g T g
% 08 = E 0 Top CR Z—wt CR SR I
S 06 E = op —TT 1 SR2
100 150 200 -0.8<BDT<0.7 BDT>0.7
m [GeV] Fit regions

CMS-PAS-HIG-15-003

ATLAS-CONF-2016-112
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H->WW?*: Analysis Overview

CMS: 2.3fb?, 0-jet & 1-jet, cut-based in 2D of m; vs m,"
observed 0.70 (2.00 expected) for ggF

ATLAS: 5.8 fb!, VBF & WH, BDT-based analysis
observed 1.90 (1.20 expected) for VBF, 0.80 (0.20 expected) for VH

+0.8 +0 +1 +0.7
over - Br o wwe = 14798 (stat)*03 (sys) pb owH * Ba-ww+ = 0.9 o(stat) "5 ¢(sys) pb
CMS Preliminary L =2.3/fb (1 3 TeV) c 350 :
% 8005_ T DY o Fake ' _; § E ATL AS Prellmln ary —¢— Data %% SM (sys) E
o 700E :/V\\;\:;md ! Vo E £ 300 (5-13Tev, 5.81 10" = B Wogets = oes T
- L Yy 3 o C Top Other VV ]
600 I:I Higgs —+- Data E o 250 H=WW —eyi+ue (VBF) B ww [ OtherHiggs _]
500 ; 7 Systematics E - By, OHe ]
= 3 200 201 -
400F . - L N
= O-jet - 8 f .
W22 E 150 2 15F E
200 :— ey 3 Toosoosos coooeoes _% - .
100 £ bt = 100 g 10¢
I s ST 3 % [ f
§ 14 F = 50 g 5 —
:%). 1‘21 Erig + 7277 7 722272 7 I/ 77 ,i/ ///I/k/ = o g
E . e aliile Rl ¢ T, e’ 7 ¢/ 2 |
§ ol o E 0 Top CR Z->w CR SR1 SR2
100 150 200 -0.8<BDT<0.7 BDT >0.7
m [GeV] Fit regions

CMS-PAS-HIG-15-003

ATLAS-CONF-2016-112
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H—=>up Analysis

* Clean channel, sensitive for H coupling to the 2" generation fermion

7 categories: VBF, 2 n* X3 p;* (low, medium, high)

° ] *
A narrow bump on top of continuous m , (Z/y*>up) ATLAS-CONF-2016-041

L LA DL LR BRI
ATLAS Preliminary

3 1o > -
c 10 ATLAS Preliminary —+ Data S a5p
2 8 =9z = = e a
s 10 \s=13TeV, 13.2fb" B EWK Z+jets * 40 VBF \s=13TeV, 13.2fb
@ 107 [ Top Quarks S:J 35 E

[J Diboson b= —

— ggF [125 GeV] x 10 L =5 e— Data

—— VBF [125 GeV] x 50 30

Background model
—— Signal [125] x 20

JIIIIIIIIlIII\l\II

af-

2k :%

TTRTYLS S INCOLS UG 7L TUNRRL. SR SRPOPURVOE:
g matiy ++++++++_§
055 3 —4F =

60 80 700 120 140 160 180 110715 720 725 130 135 740 145 150 155 160
m,, [GeV] m,, [GeV]

ATLASRunll | ATLASRun! | ATLASRunli+1 | CMSRunl

Observed (x o)
Expected (x o) 5.5 7.2 4.3 6.5

Data/MC
4]
I
|
Pull
o
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H—>bb: VH Analysis

» Establish Higgs signal in bb final state, determine b-quark Yukawa coupling
» Higgs production modes considered: WH/ZH, VBF; ttH; tH(CMS-PAS-HIG-16-019)

WH/ZH analysis: ATLAS-CONF-2016-091
* Leptons from W/Z decays for event trigger and background suppression

« MVA for each channel with 2 SR’s: 2jets-2tags, 3jets-2tags
* Main backgrounds: W/Z + heavy flavor, ttbar

™ ™ ™ ™
~ L Dat — - - Dat 4 - - Dat B
S gool. ATLAS Preliminary = V;(?:b) w10 7 S 1000 ATLAS Preliminary = v:ﬁ(‘i‘,b) @w=10) | o 120 ATLAS Preliminary = VH(D) (1=1.0) 7
> Fois _ 1320 \glbOSDH . > F s 13 Tev (gt 132" 3“’050“ 1 God3Tav [idi_ 123 21p" - giboson ]
g 0 lep., 2 jets, 2 tags - 3\;"81?; t:p o) . g | 1lep., 2jets, 2 tags ] ﬁlinlgt;le ttop ] E 100 - 2lep., 2 jets, 2 tags m Single top B
mm W+(bb,bc,cc,| 1 N ultije 7 [— Z+(bb,bc,cc,bl ]
@ 900 pY > 150 GeV mm Zobbpeechl) 4 0 800H pY > 150 GeV mm Wibbboccbl) — L0 - pY 2150 GeV U;((:erlafn(t:; b
C Unce_rlainty ] - ] Z+(bb,b5:,cc,bl) = -=ax Pre-fit background
- amam Pre-fit background ] - Unce_rtalnty . _—
400__ — L == Pre-fit background _| 7
- - 600— —] -
300(— — - § ]
22k . 400 z:; //:i/(i’g = i
- B brgrn ] .
] 200 __ ’7 Tdee, - :
. = ] . ]
__________ — J ol
S E TTTTT 3 - ETTT TTT I I e s I e s T T
B2k B BasfE o y
) < c 1 wa%w 7 /f%ﬁ% 7 Z;%é
= 0.8 E E ‘ & = VO E < 05 E | A
3 =095 L el E
o -1 -0.8 0.6 -0.4 0.2 O 02 04 06 08T 1 Q —1 -08 06-04 02 0 02 04 06 %%T 10 - —08—06—04—02 0 02 04 0.6 08 1

VH VH

(el
3
3
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H->bb: VH Results

. Limit Po Significance
Dataset Exp. Obs. | Exp. Obs. | Exp. Obs.
O-lepton | 1.479% 2.0 | 0.07 0.15 | 1.45  1.02
l-lepton | 2.070% 2.1 | 0.15 046 | 1.04 0.10
2-lepton | 1.8F5T 1.7 | 013 057 | 1.14  —0.17
Combined | 1.0793 1.2 | 0.03 0.34 || 1.94  0.42
Significance obs. (exp.):
« ATLAS (13TeV):  0.40 (1.90)

* ATLAS+CMS (8 TeV): 2.60 (3.70)

17/12/2016
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H->bb: VH Results

Limit Po Significance

Dataset Exp. Obs. | Exp. Obs. | Exp. Obs.

O-lepton | 1.479% 2.0 | 0.07 0.15 | 1.45  1.02
l-lepton | 2.0198 2.1 | 0.15 046 | 1.04 0.10
2-lepton | 1.8F5T 1.7 | 013 057 | 1.14  —0.17
Combined | 1.0793 1.2 | 0.03 0.34 || 1.94  0.42

ATLAS Preliminary Vs=13 TeV, [Ldt=13.2 fb"

AN L L B L L L BN AL B
— — Tot. I
Stat. Tot. ( Stat. Syst.)

. .o - +090 (+0.64 +0.63
Significance obs. (exp.): 2 lepton |—+—e—-| 024708 (058 Z0.60)
e ATLAS(13TeV):  0.40(1.90)  temon r—on 0.257034 (+087 +067) |
e ATLAS+CMS (8 TeV): 2.60 (3.70') Olepton |- K—e—4 0.47+073 (+059 +044) |
Combination —  k-e=4 021tgga (tggg tggg) -
0 2T Ta T e e o

Best fit u=c/c_ _for m =125 GeV
SM
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H->bb: VBF Results

* Trigger: y+4jets in ATLAS, SingleB and DoubleB in CMS
* MVA, fit on mbb: 3 signal regions in ATLAS, 7 regions in CMS

CMS Preliminary 2.32 fb" (13TeV)
- Y TP a=nAmnnasspparan SRTERREEERESS | > 2200F CAT 1
() C re |m|nary — O] C e Data
- — VBFH(125 10 -
g 7OF Vs =13 TeV, 126 fb" -Z+y((QCD))+YX 3 o ZZOOE (m,, =125 GeV)
- c z EWK ] 5 1800
=~ 60 High BDT Nanbios Blad = ~ S o
t= - Uncertainty - @ 1600F Ff""-a-,.;i: -.-.QCD
) - = c e S [ 20 bkg. unc.
z E o 1400F - 9
& - 3 2 : ot [ 1o bkg. unc.
40F - W 1200F %\Q—«%
= L — o hat S
= + ? + i 3 1000F Sy
30— —_ o g
= 3 800F “ape,
201 T :_ Tredo
E —+—+—_+__+_ E 600- 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 i_im:’*rw
10— = 100
C PR IR B s L | L. é 50
s %
© -
S 50
d _10%0' “H00 120 140 '1E|so' ' '1e|30' 200
60 80 100 120 140 160 180 200 220 240 m,. (GeV)
my, [GeV] bb
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H->bb: VBF Results

* Trigger: y+4jets in ATLAS, SingleB and DoubleB in CMS
* MVA, fit on mbb: 3 signal regions in ATLAS, 7 regions in CMS
* Obs. (exp.) limit: 4.0 (6.0)xog,, by ATLAS; 3.0 (5.0)x0o.,, by CMS

CMS 13 TeV and 8 TeV combination: 3.4 (2.3)xog, =13"]

CMS Preliminary 2.32 fb" (13TeV)
5 ATiAS iy B T : g 2of oAt
® = reliminary Data o5 10 0] - * Data
g 70 Vs =13 TeV, 126 fb" ey (§30|3))+ Hale= o 2000; (m, =125 GeV)
- T z EWK 3 o 1800
o o High BDT Nonhos Bkéd E ~ S Bié?b
t= - Uncertainty - @ 1600F %ﬁ"ai: - Q
S s50f- = S L100b A [ 20 bkg. unc.
w = . Q 3 ot 110 bkg. unc.
40 — — W 1200F oy
= $_ - F i
- _ ] 1000 >
. n '_}‘"i-:
80 + + i = : Sk
- + ? + " i £ 800F Tt
20F — E T
= + '+'_+_+__+_—+—E 600 | Loy e
10— = 100
E t_’v—v-v—l_'_,_l—|_|—l_1 _t A -
C PR AR RPN coroue N EERPY HRRN PR R = é 50F #‘ 1
& Oz -------*-f-----—--------1-------_P-T--i:*-l--l--i-i-
g = 1
-50= %
(m)] =
_100; I AR N S T N ' P I S S N S N
560 86i 100 120 140 160 180 200 220 240 80 100 120 140 160 180 200
m,, [GeV] m,, (GeV)
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OATLAS

EXPERIMENT
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‘4 ool
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‘ y 4
/ h B

ttH candidate evt.

ee0t, 4+ 3 b-jets + 6 |-jets

Run: 300571
Event: 905997537
2016-05-31 12:01:03 CEST
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ttH: Analysis Overview

ttH, H>bb: 1 lep, MET, 4 b-jets, 2 |-jets 4 lep, MET, 2 b-jets

Direct measurement top-quark Yukawa coupling:
e ttH, H>bb

e ttH, H=>multilepton (WW?*, ZZ*, t1)
e ttH, H>vy (included already in the H>yy analysis)
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» Events categorized based on number of leptons, jets and b-jets:
14 regions in ATLAS and CMS by (X-lepton, Y-jets, Z-btags)

» Main bkg.: tt+heavy flavour, difficult to predict from MC

» Dominant syst.: signal and bkg. modeling, JES, b-tagging
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ttH, H>bb

» Events categorized based on number of leptons, jets and b-jets:
14 regions in ATLAS and CMS by (X-lepton, Y-jets, Z-btags)
» Main bkg.: tt+heavy flavour, difficult to predict from MC

» Dominant syst.: signal and bkg. modeling, JES, b-tagging

CMS Preliminary 2.7 " (13 TeV)
0 R S S N R I I I R L 7 B = R R R RN AN AN RN R ™ .
S 2005 ATLAS Prellmlnary +Data 1 5 221 1lepton, 6 jets, >4 b-tags ﬁfﬁ‘f"" ;3Hc(c15) = Best ﬁt on mu:
Z " \s=13TeV, 132 10" -EHI T I e mis  ESnoe o0 ]
’ i 5 - 5 >\ngle Top- 4 .
600 Single Lepton T ¢ | o S Bl | |+ CMS with 2.7 fb?
- >6j,24b -t1+21b 'E 16 =
500 post-fit mEtt+V 4 2 g4k s
C [ JNon-tt ] - .
4001 77 Uncertainty | 12 2 2 .0_1 3
st ttH (norm.) 7 10
T T * ATLAS with 13.2 fb"!
_ 2 1+1 0
U=zl
. OF S ——— 1.5
8125 = L/ b L 2
O 1 pesssspssnsse I B ‘- (6 ¢
fheb 47 0_5%/ | CMS-PAS-HIG-16-004
O "-1-0.8-0.6-04-02 0 0.2 0.4 0.6 0.8 1 01 02 03 0‘4 05 06 07 08 09
Classification BDT output MEM discriminant ATLAS-CONF-2016-080
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ttH, H> multilepton

* Signature: 2-4 leptons (1, ,4), >= 2-jets and >=1 b-jet. ATLAS has one
more category of 4-lepton than CMS.

* Signals mainly from H2>WW* and H—2> 1T, small from H>ZZ*.

* Main backgrounds: ttW/ttZ, non-prompt bkg. (ttbar)

 Dominant syst.: estimations for fake lepton and non-prompt bkg.

LI B I S B LA R B B LI N B A B B BN B B B CMS Pre/iminary 23+129fb-1(13TeV)
ATLAS Preliminary Vs=13 TeV, 13.2fb" m,, = 125 GeV
—_— tot tat , t . +
tot. stat. (stat, syst) L combined t = 2.0
2 0%hao N 4.0 23 (4%, 13) '
3l B
20 Thad k—e—=m 6.2 "7 (33, 70 n=2577 -1
2,11, B
+. ——
3| el 0.5 17 (12, 2 h=0.0751
) ee,nor,
u — 1.2+244 ]
4¢ «— < 2.2 (68% CL) 231
Hy, no T
"""""""""""""""""""""""""""""""""""" w=26"3 o .
Combination o= 2.5 jf (fg’;, fg;) en nor. T
ci b e T ’ h —_——
0 5 10 +5 26 25 ”=2'4j:2‘...|‘...\....|........\....\....|...‘
best fit u_ for m =125 GeV =2 -1 0 1. 2 3 4 5 6
tiH Best fit u = 6/c
ATLAS-CONF-2016-058 CMS-PAS-HIG-16-022 SM
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ttH Combination

ATLAS-CONF-2016-068

L L L L B B
ATLAS Preliminary s=13 TeV, 13.2-13.3 fo

—total stat. (tot.) (stat., syst.)
ttH(H—yy) | —0—— - +1.2 +1.2 +0.2

(13 TeV 13.3 ") : 0.3 -1.0 ( -1.0> -0.2 )
+1.3 +0.7  +1.1

ttH(H->WW/tt/Z2) : ———=— 2 5 iy (_0.7,_0_9 )

(13Tevi3.2fb™)

ttH(H-bb) e 21 000 (592, 507)

(13 TevV13.2f0™)

H combination 5 F-0-- +0.7 +0.4 +0.6
! ?1% TE\I’) ato : 1.8 557 (lo4s o5
ttH combination e+ 1.7 :'g_'g ( igl'g, fg:g )

( 7—8TeV, 4.5-20.3 fb-1 ) L 1 1 -i 1 1 | 1 1 L | 1 1 1 | L 1 1 | 1 L 1
0 2 4 6 8 10
best fit u_ for m =125 GeV
ttH

e Similar results between Run | and Run
Il by ATLAS.
* Obs. (exp.) significance in ATLAS: 2.80

(1.80), 1.50 observed from Run |I.
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ttH Combination

ATLAS-CONF-2016-068 TTHCombMoriond2016
T T T T T | — | I — T T mH =125 Gev 2327 fb-1 (13 Tev)
I . I . I ‘ I I :':é 20 F
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb” = - CMS
c 18
—totzal — stat. (tot.) (stat., syst.) o " Preliminary
H(H e +12 412 102 € 16¢
(13T:tv 1(3.3_>fb"Y1z) -0.3 -1.0 (50202 ) g - ttH production limits
@ 14~ _e— Observed ‘
e @i #3407 +11 oy : Expected
ttH(H—>WW/t/Z2) 5 25 *13 (07 1y S ok P
(13Tev1321™) i ) ' ' 3 [ +1o Expected
: O 10 +20 Expected
#tH(H—sbb) e 24 Y (02,000 2 -
(13 TeV 13.21b™) : ' To} 8
S-S (o)
o +0.7 [ 104 106 6F
ey 2o N e 18 7 (o4 Zos g
: 4r
ttH combination —o——i 1.7 :'g'g ( tg'g . fg'g ) 2#
( 7-8TeV, 4.5-20.3 fb-1 ) L1 i I PR N S TR R N T S .| L1 ) |- | I
0 2 4 6 8 10 O|—Cb'd‘H| IbeIH
. ombine —leptons — —YY
best fit He for m, =125 GeV HIG-15-008 HIG-16-004 HIG-15-005

e Similar results between Run | and Run
Il by ATLAS. * Obs. (exp.) limit on p,,:
* Obs. (exp.) significance in ATLAS: 2.80 3.0 (1.2) from ATLAS,
(1.80), 1.50 observed from Run I. 2.1 (1.8) from CMS.

17/12/2016 Lianliang Ma @the 2nd CLHCP WS 35



Di-Higgs Searches

Searches with bbyy, bbtt, WWYyy, and bbbb by ATLAS,
bbyy, bbtt, multilepton, and multilepton+photons by CMS

TOO) ---h TTO) -h
1 A>.-h“:
090 “h
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Di-Higgs Searches

Searches with bbyy, bbtt, WWYyy, and bbbb by ATLAS,
bbyy, bbtt, multilepton, and multilepton+photons by CMS

7000 -=-h V00 -h
A () "‘:
000 ——.h 0200/ “h

_&
2

R N

MV 1072

12.9 67 (13 TeV)
> = ———— — 11— —_— e
L. > | bb pt

G 10 ATLAS Preliminary ~ —— Data = o 10°F 92,’,’,,?,-,,3, oty ot Data
o F {5=13TeV, 2016, 10.1 fo = Multjet 3 C ¥ P Y - tctJCD
- F > e ot . -
a - Signal Region: Resolved G(300) x10 - = 10k Drell-Yan
5 102 = i — G(800) x10 = £ F [ Other bkg.
o = —— SMhh <500 3 £ - N bkg uncgrtainty

- N\ Stat+Syst Uncertainty g 1k . K, ~1 (SM) 5 x 50

3 sk, =20
10 = © E »
= hh—=>bbtt

—

107" N o n P e “ 1073
© 2 L T T T
g E \to \& \
SR \ N \ 107
§ 1 E §§w,’wﬂﬁ\\\\q\w\ N x
0 725\0 200 5 500 1050 200 300 400 500 600 700 800 900 1000

My, [GeV]
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Di-Higgs Search Results

pp~>hh>yyWWw* pp~>hh->bbbb pp~>hh->bbyy
ATLAS 13.3 fb-1 10.1 fb-1 3.2 fb-1

ATLAS-CONF-2016-071 ATLAS-CONF-2016-049 ATLAS-CONF-2016-004

Obs. limitoncat95% 24.4 fb 330 fb 10.3 fb
C.L.
x times SM prediction 747 29 117
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Di-Higgs Search Results

pp~>hh>yyWWw* pp~>hh->bbbb pp~>hh->bbyy
ATLAS 13.3 fb-1 10.1 fb-1 3.2 fb-1

ATLAS-CONF-2016-071 ATLAS-CONF-2016-049 ATLAS-CONF-2016-004

Obs. limiton o at95% 24.4 fb 330 fb 10.3 fb
C.L.
x times SM prediction 747 29 117
CMS pp—>hh->bblviv pp—>hh->bbbb pp—>hh >bbtt
2.30 fb! 2.32 b 12.9 fb1
CONF NOTE CMS-PAS-HIG-16-024 CMS-PAS-HIG-16-026 CMS-PAS-HIG-16-028
Obs. limit on o at 95% 167 fb 3.88 pb 508 fb
C.L.
x times of SM prediction 400 342 200

Larger dataset and combined analysis can improve the sensitivity.
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The High-Luminosity LHC (HL-LHC)

Upgrade LHC luminosity to permit accumulation of 3 ab-! data sample over a
~ 10 year run period following LS3 for machine and detector upgrades

Plan for £ = 5x103*cm?s! with ultimate luminosity of £ = 7.5x103*cm™2s!
u=140 u=200

LHC / HL-LHC Plan @t'u‘%t‘mosny

LHC
LHC
Run 1 | | Run 2 | | Run 3
LS1 EYETS 14 TeV 14 TeV
] 13-14TeV - energy
splice consolidation inject: d - 5t07x
7 TeV 8 TeV tr:utton collimators mlcry:rP%'i,r?tr: ¢ icnrt}ggrgtliton HL-LHC installation I”uor;“ir‘%as'ny
R2E project Civil Eng. P1-P5 regions —

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2024 2025

radiation
damage
) . 2 x nominal luminosity R
75% experiment nominal luminosity | | experiment upgrade I"/——_l experiment upgrade

nominal beam pipes phase 1 phase 2
luminosi ty | /_
integrated
luminosity
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High Luminosity Projections

ATL-PHYS-PUB-2014-016
ATLAS Simulation Preliminary
\'s = 14 TeV: [Ldi=300 b ; [Ldt=3000 fb’*

H—yy (comb.) %

0 02 0.4
A/
* HL-LHC can improve by a factor of 2—3, without the

inclusion of theoretical systematic uncertainties
* The hashed areas indicate the increase in error due
to current theory systematic uncertain- ties.
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High Luminosity Projections

ATL-PHYS-PUB-2014-016

CMS-NOTE-2013-002

ATLAS Simulation Preliminary CMS Projection
's = 14 TeV: [Ldi=300 b ; [Ldt=3000 b L s s s B s B B B B S
—— — — Expected uncertainties on F— 3000 fb" at s = 14 TeV Scenario 1
i i — 3000fb"at fs= 14 TeV Scenario 2
H—yy  (comb,) @ Higgs boson couplings t
ST SO SN — KY :
H— ZZ (comb.) ©
w [
Ky [——+—
H— WW (comb.)
Kg = |
; K f i
z K¢ % |
— K 1 1
H— bp (comb.) T i !
Il Il | Il L 1 I Il Il | 1 | Il Il Il L I L |
: 0.00 0.05 0.10 0.15
VBF-lik .
Hott e) expected uncertainty
H— (comb.) _ ] . ..
HH | » Scenario 1: all systematic uncertainties are

0 0.2 0.4
AN/
HL-LHC can improve by a factor of 2—-3, without the
inclusion of theoretical systematic uncertainties
The hashed areas indicate the increase in error due
to current theory systematic uncertain- ties.

>

left unchanged.

Scenario 2: the theoretical uncertainties are
scaled by a factor of 1/2, while other
systematic uncertainties are scaled by the
square root of the integrated luminosity.
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<> LHC Run | made the discovery of Higgs boson:

m, = 125.09 £ 0.24 GeV, consistent with spin 0, even parity,
and the SM couplings to bosons and fermions

<> Higher precision results will be released in early 2017, with more
than 36 fb! datasets have been collected by ATLAS and CMS

< looking forward to exiting new results, besides better results on

Higgs measurement.
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Higgs Production

W,z
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H->vyy: ATLAS

Category Events Bogy Soo foo Zoo S
Central low-pr; 31907 3500 180 0.05 3.04 120
Central high-pr 1319 140 20 0.13 1.66
Forward low-pr; 85129 13000 310 0.02 2.73 200
Forward high-pt, 3977 540 33 0.06 1.38
VBF loose 604 76 15 0.16 1.62
VBEF tight 76 8.8 7.3 045 2.19
V H hadronic loose 937 120 8.9 0.07 0.81 .
V H hadronic tight 66 6.7 23 026 08 1.0
VH E;‘iss 20 2.4 0.81 026 0.50 0.18
V H one-lepton 8 1.0 0.57 037 053 0.12
VH dilepton 3 0.4 0.30 043 043 0.07
ttH hadronic 72 8.1 1.8 0.18 0.60 -0.23
ttH leptonic 19 2.3 1.3 036 0.78 -0.18
. SM 125GeV Higgs boson expected signal Bkg
Event Categories | “poiT | ggh | vbf | wh | zh | ®th | 0wy | oum | (GeV-Y)
Untagged Tag 0 | 11.92 | 79.10% | 7.60% | 711% | 3.59 % | 2.60% | 1.18 | 1.03 4.98
Untagged Tag 1 | 128.78 | 85.98 % | 7.38% | 3.70% | 2.12% | 0.82% | 1.35 | 1.20 | 199.14
Untagged Tag 2 | 220.12 | 91.11% | 5.01% | 2.18% | 1.23% | 047 % | 1.70 | 1.47 | 670.44
Untagged Tag 3 | 258.50 | 92.35% | 423% | 1.89% | 1.06 % | 047 % | 2.44 | 2.17 | 1861.23
VBFTag0 | 935 |29.47% | 69.97% | 029 % | 0.07 % | 0.20% | 1.60 | 1.33 3.09
VBFTag1 | 15.55 | 44.91% | 53.50% | 0.86 % | 0.38 % | 0.35% | 1.71 | 1.40 22.22
TTH Hadronic Tag | 242 | 16.78% | 1.28% | 252% | 239 % | 77.02% | 1.39 | 1.21 1.12
TTH Leptonic Tag | 1.12 1.09% | 0.08% |243% | 1.06 % | 95.34 % | 1.61 | 1.35 0.42
Total | 647.77 | 87.93% | 7.29% | 240% | 1.35% | 1.03% | 1.88 | 1.52 | 2762.65
17/12/2016 Lianliang Ma @the 2nd CLHCP WS 46




H->vyy: VBF Comparison

CMS Preliminary 12.9 0™ (13 TeV) CMS Preliminary 12.9 b (13 TeV)
> 22_—‘I‘_|"l""I""I""l""l""l""l"' % _H_>'lyyllllll_
o EH—vy 100~ ]
O 2R _1260Gev, =005 Vo 1290 O L m1260Gev, 095 Vo 10 1
» 18F ¢ Data @ L ¢ Data i
S el — S+Bfit g 80_—1 — S+Bfit -
R B component a ke B component

12 m+lo 60 Em=+io __
10 [J*20 I [J*20 ]
8 40:

6F C

4% 20

2f il o el g

0- L L L

B component subtracted_

100 110 120 130 140 150 160 170 _ 180 100 110 120 130 140 150 160 170 180

m,, (GeV) my, (GeV)
% 45 :_I T I T T T T I T T T T I T T T T I T T T T l T T T T % 20 : T I T T T T I T T T T l T T T T | T T T T l T T T T :
151 - Data ATLAS Preliminary ¢ 18 © Data ATLAS Preliminary 3
- 40F weeee Background Fit Vs=13TeV, 133 fb" > Eoo Background Fit Vs=13TeV, 13.3fb"
€ ggbE — Signal +Background Fit H-yy, m, = 125.09 GeV € 16:— — Signal + Background Fit  H—yy, m_=125.09 GeV
2 - —— SM Signal + Background VBF loose 4 14~ —— SM Signal + Background VBF tight —
WosoE Lk 3
20% 8 3
1581117 fHhelastel ) % o E
R I P
5 } '; _- satbd. N ]
| | | { } | 1 2 !i ® 12:"'__0 [ 1 | =Tt | - = |.a..s i L E

110 120 130 140 150 160 110 120 130 140 150 160

m,, [GeV] m,, [GeV]
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H—2>vyy: Weighted in ATLAS

Ratio: 5000/150 = 33 times

LA S S S S B B L B T T T T T T T T T T T T

% eooop- "t bt e e _Em_? —e— Data ATLAS Preliminary -
O] C e Data ATLAS Preliminary 1 2 180 T e oround | fom13Tev 13307 3
~ 5000 = Background Inclusive — ;',‘ 6o = Signal S,B)”'_ ;l’d ‘ f =
i - —— Signal + background e p . c1 A e\"ler::‘zgeeoriz:’“ 0 ]
c C — Signal s=13TeV,13.3 b ] 140— g =
Q 40001 H—yy, m =125.09 GeV A E ]
i - YY H™ . . 120— —:
3000 - 100 E
C ] 80— —
2000 — 60— =
1000F- - “E =
C . 20— =
ob—tl . [T RS - 0l e TN " | =
110 120 130 140 150 160 g °F E
2 200 T i 5
< 0 M%MWW% g o !
: + + * s
% —200 ki |+ ..... g eeepeeeeie oo dpeeeegeene g eeeegeeee oo speeee| e eeeegeee ~ 5E- + + t -
© 110 120 130 140 150 160 110 720 130 140 150 160
m,, [GeV]
Y1
pT{
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H-2>vyy: Weighted in CMS

CMS Preliminary 12.9fb™ (13 TeV) CMS Preliminary 12.9fb™ (13 TeV)
> :H||||||| >5000-'|‘_{"I'"‘I""I""I""l""l""l""-
@ 9000 M~ . [ —H—>yy . ]
S M,=126.0 GeV, i=0.95 /I categories G | M-1260Gev, j=0.95  Alcategories ]
5 8000 ¢ Data P S/(S+B) weighted ]
g 7000 P —— S+B fit ‘GE; 4°°°: ¢ Data E
> FN O B component > L —— S+B fit ]
(LI 6000 |- (w C ]

- o o000 N e B component ]

S000E- [ J+20 e ¢t Ry .
4000 - . F [J*20 !
3 "D 2000~ -
3000 - = - .
3 & . F ]
2000 + 1000~ -
1000F- e ]

0 : w O —l I 1 I L I I L1 1 l 0 I ] l 0 T -] I L1 1

s00F- B component subtracted -

100

-100
100 110 120 130 140 150 160 170 _ 180 1 190 120 130 140 150 160 170 1

8
m,, (GeV) m,, (GeV)
(a) (b)
Figure 10: Data points (black) and signal plus background model fits for all categories summed
(left) and where the categories are summed weighted by their sensitivity (right). The 1 standard
deviation (green) and 2 standard deviation bands (yellow) include the uncertainties of the fit.
The bottom plot shows the residuals after background subtraction.

8 |II]

0
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CMS Simulation Preliminary 13 TeV CMS Simulation Preliminary 13 TeV
—_~ : LI B I LI B I L l LI l L I L I Trrr : —_~ _—1 LB l LI I T T 17T I LI I LI l T T 1T I LB l——‘
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> EH=vy kY + Best Fit | s
g .0 E e 4 Untagged 0 | 095 —— Per category = 1o
=~ 3 . L
F —1 1 Untagged 1 | 1.04 033 amm
251~ 22 = L M=Hsm —
F ] Untagged 2 | 0.44 032 ~ _ +0.21
2 = o M combined — 095 Sy ]
C ] +0.9
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. 3 VBF Tag0 | 1.58 **8
1= = e _
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Table 1: The summary of the selection criteria that define the fiducial regions.

diphoton baseline

VBF enhanced single lepton

Photons Inl <137 or 1.52 < |n| < 2.37
py >0.35m,, and pZ? > 0.25m,,

Jets - pt > 30GeV, |yl < 4.4 -
- mj; > 400 GeV, Iijjl > 2.8 -
- |Adyy.iil > 2.6 -
Leptons - - pr > 15GeV
In| < 2.47

ATLAS: Differential crosssections are
measured in bins of the diphoton transverse
momentum, the rapidity of the diphoton
system, the cosine of the angle between the
beam axis and the photons in the Collins—
Soper frame, the jet multiplicity, the
transverse momentum of the leading jet for
events with at least one jet (H + 1jet events),
and the azimuthal angle between the leading
two jets and the invariant mass of the leading
two jets in events with at least two jets (H +
2jet events).

The fiducial phase space definitions at particle-level are
chosen to match the definitions at detector level. The
correction factor is 0.77 in the baseline region and is
dominated by the photon reconstruction and identification
efficiency. The correction factor also accounts for migrations
caused by the finite photon energy resolution and removes
a small fraction of events that originate from Dalitz decays.
No correction is applied to the data for signal-background
interference. The correction factor is different in fiducial
regions defined by associated jet activity and ranges, for
example, from 0.63 for Njets = 0 to 1.20 for Njets > 2.
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H, H=>bb in CMS
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H->bb in ATLAS
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ttH, H> multilepton in ATLAS
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ttH, H=> multilepton in CMS
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