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Higgs in Standard Model

Spin Charge Mass Coupling

Neutral Scalar: nggs7

Measure Unknown SM parameter

Predicted as ¥x ' 2— Over-constraining SM

yuHQuR

<ZVV|ndow of Beyond SM

| H | 2 HQUR G. F. Giudice, O. Lebedev (08)
A. L. Kagan, G. Perez, T. Volansky, J. Zupan (09)

A2 C. Delaunay, T. Golling, G. Perez, Y. Soreq (13)

and many
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Talk by M. Pieri
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107 — Observed
SM Higgs boson
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LHC Run 1 Preliminary
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Next challenge is charm?
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Charming Mr.Yukawa

Inclusive Exclusive
h—cc h—J/p+y



Inclusive
h! cc

Perez, Soreq, Stamou, KT
arXiv: 1503.00290 and 1505.06689
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Vh (Associate) production

q [

0,1,2 lep

categorize by pY

W/Z reconstructed

0
~——2 b-tags required
q E ATLAS |Med|Tight ||CMS|Loose Med1|Med2|Med3
Number of Signal ev | 70%)| 50% || e, | 88% | 82% | 78% | 71%
V H s , , , , ec  |20%|3.8%| e | 47% | 34% | 27% | 21%
S = Lao aBry aep, €p, ac
Signal strength " Tagging Efficiency of b-jet
Up = Sehs _ LA&! &Brp &'y, ", & | &Bry,
~ QVH : ro+SM zu uw  zun ‘v SM
Sexp Lal sy aBry™ a'p, 'p, @ l sm aBrg
WATHAS  — 052+ 0.32+ 0.24 Mg =1.0% 0.5 <zbotom Yukawa

ATLAS RrXiv:1409.6212]'

CMS [arXiv:1310.3687]!



http://arxiv.org/abs/1409.6212
http://arxiv.org/abs/1409.6212
http://arxiv.org/abs/1310.3687
http://arxiv.org/abs/1310.3687

What if h! cc is enhanced?

Up = Sc\)/blgI _ ké.' éBrb é"bl "b2 é{
V H 4 4 SM ‘4] " "
Sexp  Nalsu aBrp" a'p,"p, &

| aBr, é."bl "bz + | aBr. é"cl "02
Z SM 4] |
I L ang aBrb adp, b,

SM
Bro™ Ac, e,

BrM\Up, o

Br>M(h" bbh=0.57
BroM(h" ¢ =0.028

Mo + (O-O5Mc

Large !¢ , more sensitive to " ¢
but only constrain a combination (degeneracy)

— > Need very different working points !¢/



Disentangle degeneracy

pio + (0.05 €cp J)ie - ATLAS&CMS have different working points

1st Tag | 2nd Tag L e/
(Q)ATLAS Med Med 8.2 10~
(b)ATLAS Tight Tight 5.9 1079
(c)CMS Medl Medl 0.18
(d)CMS Med?2 Loose 0.19
(e)CMS Medl Loose 0.23
(f)ICMS Med3 Loose 0.16

! signal
L(“) = Ppoiss(ki’ Ngﬁ,i + pN S]\g4,@' )



Disentangle degeneracy

pio + (0.05 €cp J)ie - ATLAS&CMS have different working points

; 5tb' '(7TeV)#20fb' '(8TeV)
: Stat.#Monte Carlo Error
7.
j o band
1L . . |
" j Tight x Tight
b : €clb — 0.6%
0 |
11 ]
i Med x Med
! 2; !C/b = gjo{()
1200 1100 0 100 200 300 400 500
1st Tag | 2nd Tag Lt C
(Q)ATLAS | Med Med | 8.21 10 2
(b)ATLAS | Tight Tight | 5.9 1073
(c)CMS Medl | Medl 0.18 ! B onal
(d)CMS Med2 | Loose | 0.19 L(W) = Ppoiss(ki, N&i7; + pN Siti )
(e)CMS Medl Loose 0.23 i
(f)CMS Med3 Loose 0.16 9




Disentangle degeneracy

pp + (0.05 ecip J)ie - ATLAS&CMS have different working points

2 Sfb! U 7TeV'#20' 18TeV"
i Stat#Monte CarloError
I Ly = 16 ~ 23% |
2L
; fo band
1L . . i
" j Tight x Tight
b | |
O; €clb — 0.6%
11 ]
I le" " 1" Med x Medl
1 2/ Lol = B0
1200 11000 O 100 200 300 400 500
1st Tag | 2nd Tag Lt C
(@)ATLAS Med Med | 8.2 102
(b)ATLAS | Tight Tight | 5.9 1073
(c)CMS Medl | Medl 0.18 ! onal
(d)CMS Med2 | Loose | 0.19 L(W) = Ppoiss(ki, N&i7; + pN Siti )
(e)CMS Medl Loose 0.23 i
(f)CMS Med3 Loose 0.16 10



Disentangle degeneracy

pio + (0.05 €cp J)ie - ATLAS&CMS have different working points

2 Sfb' LI7TeV#20fb' l1gTeV"
: Stat#Monte CarloError -
I Loy =16 ~ 23% |
2L
: 1o band
10 . . |
" i Tight x Tight
b f |
I cep = 0.6%
oL c/b k
11 ]
f o i Med x Med
12 Lo = 80
12000 1100 O 100 200 300 400  50C
1st Tag | 2nd Tag Vet ¢
(a)ATLAS Med Med | 8.20 102
(b)ATLAS | Tight Tight | 5.9 1073
(c)CMS Medl | Medl 0.18 ! onal
(d)CMS Med2 | Loose | 0.19 L(W) = Ppoiss(ki, N&i7; + pN Siti )
(e)CMS Medl Loose 0.23 i
(f)CMS Med3 Loose 0.16 ¥




Disentangle degeneracy

pio + (0.05 €cp J)ie - ATLAS&CMS have different working points

2 Sfb' LI7TeV#20fb' l1gTeV"
: Stat#Monte CarloError -
: |y = 16 ~ 23% ]
2L
: 1o band
10 . . |
" i Tight x Tight
b | ]
, eep = 0.6%
oL c/b k
11 ]
ﬁ e e I Med x Med
12 Lo = 80
1 200 '100 | O - 100 - 200 - 300 - 400 ~ 50C

profiled " ,

C

First bound on signal strength!  pe = 9570: 1) at 68.3(95)% CL.



New Production by large Yukawa

At large coupling ! . = y./y 2™ ~100
switch on new production

V H enhancement at LHCS8

[ —— 100 < pr(W)/GeV < 130 . RV A
[| = = 130 < pr(W)/GeV < 180 . S y
[| - . = 180 < pr(W)/GeV N ,’,’ ‘]
C yC h —— 100 < MET(Zy )/GeV < 130 . )y ,/ :
4H = = 130 < MET(Zy )/GeV < 170 , J
> - - — — — — i - 170 < MET(Zy )/GeV . , 7
T H— 100<pr(z-)/Gev<izo | L
== | - 170 < pp(Z=)/GeV . R4
n i .
= 3}
Y N
SE |
& O W/zZ 2}
< |
1' R N S S R
50 100 150 200 250
some related work [Brivio, Goertz, Isidori (O15)] SM
. . Lo = Yely ¢
pp! h+c is sensitive to #:



First Bound on Coupling

25
20

SM |
oD Yolyy

15

10-

combining with tth el Yely ¢ e ! 234

Yt ¥ ¥e  Exclude Higgs-quark coupling universality
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Inclusive channel at Future LHC

. Better sensitivity of Vh! bb at future LHC

Aup~0.5 @ATLAS 8TeV

ll. New Technology: Charm tagging

‘b 'c ‘light
Med: 70, 20, 1.25 (%)

Ll

C-tag: 13, 19, 0.5

Scharm study[arXiv:1501.01325]

Light-jet rejection

Aup=0.14 @ ATLAS Med (3000fb-1)

ATL-PHYS-PUB-2014-011

—_
o
N

10 |

(I- and 2-lep channels)

Thanks ATLAS for providing tables!

b-rejection

1/e,= 4
1/,=5
1/,= 6
1/e,=7
1/e,= 8
1/¢,= 10

ATLAS Preliminary

tt simulation, vs =8 TeV |
pe' > 20 GeV, [P <25 -
JetFitterCharm

1 l l l l l l l
0.10 0.15 020 025 030 035 040 045 0.50

c-jet efficiency



Inclusive channel at Future LHC

Better Auyand charm-tagging to disentangle i

‘b 'c !flight
C-tag: 13, 19, 0.5 (%)

rrrrrrrrrrrrrrrrrrrrr




Inclusive channel at Future LHC

Better Auyand charm-tagging to disentangle i
| ‘b 'c !light

5fb' 11 7TeV'#20fb' 18TeV"
Stat#Monte CarloError

© Aue~100

100  28C 300 400  50C

---68
C

68%CL
Ape=15 (2x300fb-!)

=5.6 (2x3000fb1)

207
15
Ho1.0
0.5

0.0l

| | v | v | v
med. btag+ c-tag | -
——= 2x300fb—1
2 % 3000 fb—1
- 0 95% —— ~
//
| /’_68.3%
\ ( =~
\ \
— \\ \ -
N\
\\ \
\
!
~—~ 7
| Probling ]
| [fb—1] 2x300 2x3000
l up =0.2 =0.1
l ue =15 =5 .6
L | L | L | |
le0 140 ! 20 0 20 40
M

C-tag: 13, 19, 0.5

(%)

LHC run Il and HL-LHC
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Inclusive channel at Future LHC

Better Auyand charm-tagging to disentangle i

5fb' 11 7TeV'#20fb' 18TeV"
Stat#Monte CarloError

Ape~100

1200 1100 0

68%CL

Aue=10 (2x300fb-!)
=37 (2x3000fb1)

100  28C 300 400  50C

~7-68
c

b ¢

: Hlight
C-tag: 20, 30, 0.5

(%)

LHC run II and HL-LHC

Thanks to IBL

2.0 J J ' J ' J '
- med. b-tag+ c-tag Il
——= 21 300fb—*
15[ —— 2! 3000 fb—1 b
- //
[
: \
Hop o[ \ .
0.5 - Probling i
| [fb~1] 20 300 2 3000
A[J.b =0.2 =0.1
- Ape =10 =3.7
OO 1 | 1 | 1 | |
—-60 —-40 -20 0 20 40
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Inclusive channel at Future LHC

1 ] 1 |
b -c -light b -c -light
C-tag: 13, 19, 05 (%) 20, 30, 0.5 (%)
LHC run II and HL- LHC LHC run H and HL- LHC
10 ProIDImg @ 95% CL o o 10 | Problmg @ 95% CL o S
[ [fb— 1] 21 300 2 3000 . 1 [ [fb’ 1] 21 300 2 3000 T
" [0.7,7.2] " [0.9,1.6] o7 ) _ i " [0.7,4.7] " [0.9,1.3]
K,c <38 <5.6 e / ! c <21 < 3.7 -\
VA / 7
el 4 e /
/ /
// / / S /
/ VA ) /
/ // | // /
// / b 7/ /
/ // // //
4 // /// //
/ A Y.
4 //// Qlo // //
7/ T e S,
// / med. btag+ ctag | R - yavs med. btag+ c-tag Il
——= 2! 300fb—1 _:::’95% ///// —== 2! 300fb |11
—— 2! 3000fb~2 | 2, T2 3000f -~
1 10
|
Ke " C 95 9% CL

1 Run I #.< 21 (2x300fb 1)
1.1 234 < 3.7 (2x3000fb1)

0 50 100 150 200 250
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Exclusive J/1y+Yy channel

v
I .Th co I’)’ 1% Bodwin, Petriello, Stoynev, Velasco (‘13)
—p+
ey Bodwin, Chung, Ee, Lee, Petriello ("14)
H------- H-------
p+a Koenig, Neubert ("15)

P+ a+py

Nice summary by Neubert’s talk in SUSY2015

Y Y

| |
L(H! J/ + 1) = {119+ 0.2)%(1.04+ 0.14)%!°" 10 1 GeV
| |

2.Measurement
ATLAS[arXiv:1501.03276]' | | -BF(H N J"H ) < 33fp~ ! [95%CL upper bound]

ICMS [arXiv:1507.03031]

See talk by K.Tackmann 2.5 x10-° [SM] M3, s = 515

3.Combine with Al 41, yy

#(pp! h)" BRny Lhar v ($- # 0.087%)? 2
n = - 2 79 " 10_ < .
#(pp ! h) BRh—)ZZ ' s A# Fh_>zz | A# $\2/ 9 3

#210by +11$ < $.< 21y +11%-

Perez, Soreq, Stamou, KT ("15)

Calculation updated+h! yy
[arXiv: 1505.03870)]! | c 5 43(

Koenig, Neubert

due to smaller x. coefficient
21
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J/p+y Channel at Future LHC

>24 TTT [T TT [T TT
O

R

1

We learn BG is important & aas
g 182_ ;gf:lFit _;
Real J/1p +real v or fake j! v a 1o Sowoors
12;_ [ ]z[B=107 _
Sg_ .58 21) i }
\ BE V Bg 2: } :
of E
o . 0t AL P PN HT A EP L T A I o
Theorist’s estimate of prospect e e
o5 1/ 2 o5 1/ 2 Perez, Soreq, Stamou, KT ("15)
z "
115, 1 108y [ —222E ) <ke < 11k, + 10ky | —L22E q _ SB
Hzz pzz - SSM/B g
E=14

/2 /2 1/
e - (B (S)S L ( o
J/ #! E SEM BS SgM SEM ng 1/2 %HSM J/ #! .8

1/4 1/4
1 1% 2 1 '5M2
|::> 11_45< x 3000fb~ W~ . 11+45< x 3000fb 1

o

Y
Rig! 214 L14

(lv="1=pzz-=1) S/B has to be improved significantly
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Summary

¥Recasting Vh (inclusive) study gives first bound on " ¢
thanks to different tagging points of ATLAS&CMS

He = 95, 00150 at 68.3(95)% CL.

¥Future LHC sensitivity [with charm-tagging]

Auc=10  A#=21 RunIl
=3.7 =3.7 HL-LHC

¥Exclusive channel 1 — J/¢~ needs significant
improvement to have a comparable sensitivity
¥Other modes,e.g. h! ¢v,also are challenging

23
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Collect info from ATLAS
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Collect info from CMS
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