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Higgs in Standard Model

Spin Charge Mass Coupling

Neutral Scalar: nggs7 /

Measure Unknown SM parameter

Predicted as yx = \@% Over-constraining SM
=Window of Beyond SM



Higgs Couplings at Run |
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SM expects next strongest coupling is charm Yukawa
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| . Inclusive 2. Exclusive
h—cc h—J/P+y



Inclusive
h—cc

recasting h—bb analysis



b-tagging to study H—bb

b-jet is distinguished from other jets

Secondary Vertex: B-meson is long-lived ~440um/c
fly in the detector

main issue: Mistag

D-meson, also long-lived
~120-310pm/c

c-jet 4-40%,
light jet: O(0.1-1)%




Vh (Associate) production

W/Z

(_

] O,I,ZIGP

T‘\Z b-tags required

— W/Z reconstructed

q ATLAS |Med | Tight || CMS |Loose | Med1|Med2|Med3
Number of Sienal €b 70% | 50% er | 88% | 82% | 8% | 71%
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PATEAS — 052 4032 £ 024 "> =1.0£0.5 = bottom Yukawa

ATLAS [arXiv:1409.6212]

CMS [arXiv:1310.3687]
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What if H—cc is enhanced?

VH
) S K o - Bry - €p, €, %
b p— p—
VH SM
Se:vp B\ OSM - Brb " €b, €Eby \§\

o - Bry - €y, €5, +0 - Bre - €., €,
* SM
osny - Bry - €y, €,

S M
Br.™ /e, e, BroM(h — c€) = 2.9%
c

Bry M\ep, € BrSM(1, = bb) = 58%

€cl1€c2

Ec/b —

ty + (O.OSMC €b1€b2

Large €./, more sensitive to ¢
but only constrain a combination (degeneracy)

— > Need very different working points €/



Collect info from ATLAS, use S/B>2.5%

ATLAS [arXiv:1409.6212]
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Collect info from ATLAS, use S/B>2.5%

ATLAS [arXiv:1409.6212]
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Collect info from CMS, use S/B>2.5%

CMS [arXiv:1310.3687] Phys.Rev. D89 (2014) 012003

Please provide table or keep good resolution...
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Collect info from CMS, use S/B>2.5%

CMS [arXiv:1310.3687] Phys.Rev. D89 (2014) 012003
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Disentangle degeneracy

pp + (0.05 €cpp) e ATLAS&CMS have different working points

Ist Tag | 2nd Tag €c/b
(a)ATLAS Med Med 8.2x10~4
(b)ATLAS | Tight Tight | 5.9x107°
(c)CMS Med1 Med1 0.18
(d)CMS Med?2 Loose 0.19
(e)CMS Med1 Loose 0.23
(f)CMS Med3 Loose 0.16

stgnal
L(M) — proiss(kingﬁ,i + :LLNS]\gL@' )



Disentangle degeneracy

pp + (0.05 €cpp) e ATLAS&CMS have different working points

1st Tag | 2nd Tag €c/b

JATLAS | Med Med | 8.2x1072

JATLAS | Tight Tight | 5.9x1073

JCMS Med1 Med1 0.18 BG signal
JCMS Med2 Loose 0.19 L(M) — H PpOiSS(ki7 NSM,@' + :LLNSM,Z' )
JCMS Med1 Loose 0.23 i

YJCMS Med3 Loose 0.16




Disentangle degeneracy

pp + (0.05 €cpp) e ATLAS&CMS have different working points

; 5tb~!(7TeV)+20fb~" (8TeV)
: Stat.+Monte Carlo Error -
7.
j lo band
1 | N
: Tight x Tight
Nb Ec/b — OGC,VO
0+ i
—1b )
i Med x Med
_2, eC/b :(§%{D
~200 -100 O 100 200 300 400 500
1st Tag | 2nd Tag €c/b Hc
a)ATLAS | Med Med | 8.2x1072
b)ATLAS | Tight Tight | 5.9x1073
c)CMS Med1 Med1 0.18 I
d)CMS Med2 Loose 0.19 L(M) — H Ppoiss(kza NSM@ + Ngq}\gff )
JCMS Med1 Loose 0.23 i
)JCMS Med3 Loose 0.16 13



Disentangle degeneracy

pp + (0.05 €cpp)ie - ATLAS&CMS have different working points

; 5b~!(7TeV)+20fb ™' (8TeV)
: Stat.+Monte Carlo Error -
. Cp=16-23%
j lo band
1 | N
: Tight x Tight
Mb €c/b — OGC,VO
0+ i
—1b )
@€ ) Mgd xMed
ol €cf =B
~200 -100 0 100 200 300 400 500
1st Tag | 2nd Tag €c/b Hc
a)ATLAS | Med Med | 8.2x1072
b)ATLAS | Tight Tight | 5.9x1073
c)CMS Med1 Med1 0.18 I
d)CMS Med2 Loose 0.19 L(M) — H Ppoiss(kza NSM@ + Ngq}\gff )
JCMS Med1 Loose 0.23 i
)JCMS Med3 Loose 0.16 14



Disentangle degeneracy

pp + (0.05 €cpp) e ATLAS&CMS have different working points

; 5! (7TeV)+20fb~' (8TeV)
- Stat.+Monte Carlo Error -
) ee/p = 16-23%
j 1o Band
1f | N
; Tight x Tight
b i |
Iu - Ec/b — 06970
0- i
1 )
(©) (©) (f) gE ied
—20 €c/b = (%?
200 -100 0 100 200 300 400 500
1st Tag | 2nd Tag €c/b He
a)ATLAS | Med Med | 8.2x1072
b)ATLAS | Tight Tight | 5.9x1073
c)CMS Med1 Med1 0.18 I
d)CMS Med2 Loose 0.19 L(M) — H Ppoiss(kza NSM@ + Ngq}\gff )
JCMS Med1 Loose 0.23 i
)JCMS Med3 Loose 0.16 s



Disentangle degeneracy

pp + (0.05 €cpp) e ATLAS&CMS have different working points

; 5fb~!(7TeV)+20fb™' (8TeV)

i Stat.+Monte Carlo Error ]
) ee/p = 16-23%

j 1o Band

1k 1

; Tight x Tight

o | o/ = 0.6%
0f *
-1 ]
(©) (©) (f) gE ied
—20 €c/b :(%?
~200 -100 0 100 200 300 400 500
n profiled My

First bound on signal strength! 1. = 9570050 at 68.3(95)% CL.
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New Production by large Yukawa

Decay Br(H—cc)=100%, still u.=34

At large coupling k. = y./y>™ ~100

switch on new production

- Ye
> _—
Y
s/c
<

Related work [Brivio, Goertz, Isidori ("15)]

W)z

SM
pp—V H

—>VH/U

V H enhancement at LHC8

— 100 < pr(W)/GeV < 130 ' S
— = 130 < pr(W)/GeV < 180 . S

180 < pr(W)/GeV N ) /’ ,
——— 100 < MET(Z,,)/GeV < 130 . )y /
— — 130 < MET(Z,,)/GeV < 170 ., J s

170 < MET(Z,,)/GeV R R
100 < pr(Zee)/GeV < 130 | L
170 < pT(Zgg)/GeV " " /

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




First Bound on Coupling

5.
20

_ SM |
Kb = Ub/Yp

15+

10

combining with tth ke = Ye/ Yo e S 234

Yt 7 Yo Exclude Higgs-quark coupling universality

18



Inclusive channel at Future LHC

| . More Statistics

Better sensitivity of Vh—bb
App~0.5 @ATLAS 8TeV Aup=0.14 @ATLAS Med (3000fb-!)

ATL-PHYS-PUB-2014-011 (|- and 2-lep channels)

Thanks for ATLAS for providing tables!

2. New Technology: Charm tagging

10°

ATLAS Preliminary

tt simulation, v's = 8 TeV
. Pt > 20 GeV, || < 2.5
102 L JetFitterCharm

€pb  €c €light
Med: 70, 20, 1.25 (%)

b-rejection
— 1l/g,=4
10F — 1/g=5
\4 — 1/g,=26
7

C-tag: 13, 19, 0.5 = i

g. - , , * 1 B Il 1/EI):I10 Il Il Il Il Il

0.10 015 0.20 025 030 0.35 040 045 0.50
c-jet efficiency

Light-jet rejection

Scharm study[arXiv:1501.01325]
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Inclusive channel at Future LHC

More dataand charm-tagging to disentangle L

€b  €c €light
C-tag: 13, 19, 05 (%) €c/b ~2.13

20



Inclusive channel at Future LHC

More dataand charm-tagging to disentangle L

T -683%
95%
(@) ®)
k 7
0 100 2 300 400 500

| |
2

68%CL

Ape=15 (2x300fb-!)
=56 (2x3000fb-1)

€p €c €light
C-tag: 13, 19, 05 (%) Cc/b ~2.13

LHC run II and HL-LHC

2.0 — | |
- med b-tag—l—c—tag I-
——=2x300fb~1
2x3000fb~1 1
1.5 [~ - 95% —_—— 7
! Ke ~ ]
| == 68_3
- \ {\’ < ]
! 3 /
’ubl.O -~ N AN ‘ ~
N
- \\ N o
. N < \ .
~ \
i !
" - /
0.5 Proﬁllng ]
| [fb™1] 2x300 2x3000
Aup =0.2 =0.1
L Ape =15 =5.6
0.0 Lo '

—60 —40 —20 0 20 40 60
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Inclusive channel at Future LHC

| |
2

68%CL

Aue=10 (2x300fb-!)

)

Thanks to IBL

More dataand charm-tagging to disentangle L

€p €c €light
C-tag: 20, 30, ()5 (%) Ce/b ~2.25

LHC run H and HL- LHC

- med b-tag—l—c—tag I1 -
——=2x300fb=1 ]
- 2% 3000 fb—1
1.5 95% ]
. 7~ '~
4 6
'\\ (5%
' \
b
Fo10 b NN .
s \\ \\
N
0.5 | Profiling ]
L [fb™1] 2x300 2x3000
A,ub =0.2 =0.1
L Ape =10 =3.7
0.0 —— L

=37 (2x3000fb-1) 60

—40 =20 0 20 40 60
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Inclusive channel at Future LHC

More dataand charm-tagging to disentangle L

5fb™!(7TeV)+20fb™! (8TeV) |

3l
R I Stat.+Monte Carlo Error
| un
O

68.3%
95%
(@) ®)
k 7
100 2 300 400 5
Hec

68%CL

Aue=10 (2x300fb-!)

)

€p €c E11 ht

Thanks to IBL C tag 5 20 O 5 (%) EC/b ~J 16'

»

2.0 —Based on ATLAS preliminary study

1.5 F

0.5 F

0.0 L

Proﬁlln
| [fb~ 1]
Apep

2)(300 2x3000
=0.2 =0.1
A,LI/C :10

— 2><300fb 1
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Inclusive channel at Future LHC
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Inclusive channel at Future LHC
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Exclusive J/1y+Yy channel

H------- Bodwin, Petriello, Stoynev, Velasco (‘13)
Bodwin, Chung, Ee, Lee, Petriello ("'14)

Koenig, Neubert ("15)

D(H = J/¢+7) = [(11.9+0.2) — (1.04 + 0.14).|" x 1071° GeV/

2.Measurement
> 22 Rl ARl LA RN R RRRE RARE RARE RARE —1
8 2of ATLAS 1 o-Br(H — J/vy) < 33fb [95%CL upper bound]
T ook s=8 TeV [Ldt=1921" 3
£ 18 o Data_ 3 6 ATLAS [arXiv:1501.03276]
5 16 oo 2.5 x10°[SM] CMS [arXiv:1507.03031]
14 [ JH[B=107] =
12F Ezie=107 =
10F : M
8- E 95 _
s L Hijps = 219
. |
0°2060 80 100120140160180200220

m, ., [GeV] 27
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Exclusive J/1y+Yy channel

3.Combine with h—4[ or yy

cancel total width and cross section dependence

— h) x BR I — 0. )2
O(pp ) h_><]/¢7 _ h_>J/¢’Y _ 279 (K”Y 02087% ) > 10—2 < 9.3
o(pp = h) X BRyszzeae Thoszzeou Ky

—210ky + 11k, < K. < 210Ky + 11K,

Calculation updated+h—y vy

[arXiv: 1505.03870]

Koenig, Neubert /{C < 430

Y

due to smaller x. coefficient
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J/p+y Channel at Future LHC
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