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Habemus novum Boson

An amazing discovery indeed on its own.
It is also the beginning of a new era for HEP
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We need to understand to the best of the capabilities
of the LHC what boson it is we discovered and

whether we see more than one 2
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The VBF Signal at the LHC
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H—)yy Tight high-mass two-jet
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The VBF Signal at the LHC
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Higgs at LHeC

At LHeC replace
Lepton line by quark line

diagrams were calculated for
lepton nucleon collisions before
for pp!

QIt is remarkable that VBF /

+

(&

(JConsider feasibility for the
following point:

E,=7 TeV, FE.=140 GeV, Mg =120 GeV
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Cross-Sections

UUsed Madgraph and CTEQG6L for e'p scattering
Set scales to M,,. Little scale dependence
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Kinematics in Charge Current Analysis

T.Han & BM Phys.Rev.D82:016009,2010.
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MC Samples in Hadron-level study
U.Klein et al.

Signal Background (examples)

CC: H - bb (BR~0.7 at M,=120GeV) CC: 3 jets (~57 pb) CC: single top
production (~4.1 pb)

o~ 0.16 pb
at vs=2.05TeV

CC: Z production NC: b pair production
(~0.11 pb) (~1.1 nb)

NOTE: Background sample
numbers are after pre-
selection in generator



1.H.0 Kinematic distributions

[M,=120 GeV, E.=150 GeV, E =7 TeV]

a-b) Kinematic distributions of generated Higgs | =, arated events passed to Pythia
c-d) Reconstructed y; and Q2 and to generic LHC-style
, : detector:

Coverage:
» Tracking: In] <3
» Calorimeter: |n|<5
Calorimeter resolution
m EM: 1% © 5%/VE
» Hadron: 60%/VE
» Cell size: (An,Ad) =(0.03, 0.03)
; ; Jet reconstructed (cone AR=0.7)
:‘ U‘Lk ‘ fjl b-tag performance
o ,F QZJB » Flat efficiency for |n| <3
» Efficiency/mis-ID
b-jet: 60%
c-jet: 10%
Other jets: 1%
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LH.C Selection of H>bb

m NCrejection H->bb
« Exclude electron-tagged events E,mss cut ;CC [;2 l b-tag requirement
o By > 20 GeV - §
“ Ni, (pr>20GeV) = 3 g} o 1 F10°f— — T
- ET,total >100 GeV § :$ _>"‘w ; g wy L ' R
" y,,< 0.9, Q2,; > 400 GeV2 i f s o
Yo | 10° = | R
» b-tag requirement 'z o o
" Npjer (pr > 20 GeV) = 2 "o 10 20 30 40 50 60 70 "t 2 3 4 5 """"""" ;
Ermes (GOV) Number of biets

m Higgs invariant mass
" 90<M,;<120GeV = 44% of remaining BG is single-top...

mTT
» Single top rejection 6 10% mis-ID _3 1o —
g ijj top > 250 GeV 1 " §~ﬁ Ful e
’ 103 " -
= M,y > 130 GeV ' J 3]
IS et 50|
10
1

0 1002003004@500600700&)0@)0;“)0
ICHEP2012, Uta Klein, Higgs@LHeC Mo G



/I‘—IE H-> bb results [M,=120 GeV, E,=7 TeV]

= Forward jet tagging H - bb signal Forward jet n tag
“ Ny > 2 (lowest n jet
excluding b-tagged jets)
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Coordinate: 2 :zg . | H->bb
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60 i N
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'Z 60 3 - + mew—:
Expect 500 H->bb 2 s 8 T8 op -
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for 100 fb-1 -> 3% @ 30f | E Clear signal
. 20 L1 E obtained with
cross section ; ; just cut based
measurement 10 analysis already!
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M.Klein NNLO pp—Higgs Cross Sections ot 14 TeV Exp uncertainty

60 Calculated for scale of M,,/2 of LHeC Higgs
i iHixs1.3 cross section is
58 M = 125 GeV 0.?5% (sys+sta),
NNPDF2.1(0.121) using LHeC only.

Leads to mass

NNPDF2.1(0.119) sensitivity

Cross Section (pb
A

54
Strong coupling
underlying

parameter
(0.005 — 10%).
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44 | :
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Higgs production (gg) at the LHC is x a?(M#)zG(x, M$;) @ 2G(z, MF)
Bandurin (ICHEP12) Higgs physics at the LHC is limited by the PDF knowledge



S. Biswal, R. Godbole, B.M. and a S. Raychaudhuri Phys.Rev.Lett. 109 (2012) 261801

Higgs Couplings with pair of gauge bosons (ZZ/WW') and the pair of
heavy fermions (t/7) are largest. Study ¢ZP in a model independent
way (most studies so far)

Hff: f(af+zbf’75) fTH
HVV:

SM

Fp,y T —gMVg;u/

g o
FBSM(p, q) = M_V A(p- q Guv —puqu) + N €vpoP”q |
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Study by Zeppenfeld et al:
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Left plot: VBF, CP even and CP odd refer to the dimension 5 oper-
ator.

For gluon fusion the angular distribution is decided by the CP property

of the ttH coupling.
15



higgs + 2jets: VBF (LHC), higgs + jet + missing E; (LHeC)

ep collider

hadron collider

ep process uniquely addresses the HWW vertex.
Need to investigate physics beyond the SM within the O*

hypothesis with high precision

16




__4____—______—d_______~____—~

I

140 GeV -

Ee=

____O

_
6 4 2 O
< < <

- - -
[Hun*que] uig/uoNIas-ss0.19) pasi|ewoN

|
3

17



Case Study for M,,=120 GeV

» Measure deviation of the Higgs production with respect to the SM
using the absolute rate of events

» The ratio of the number of events in region B to that of region A in
the AQyer; spectrum
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» Assume Gaussian errors and the following systematics:
- 10% on the background rate
- 5% on the shape of the AQygy,in background
- 5% on the rate of the SM Higgs
- Evaluating theoretical error on AQyer;shape 17



Results on the sensitivity with updated background as per the simu-
lations of U. Klein (DIS 2011)

URL: http://www.ep.ph.bham.ac.uk/exp/LHeC/talks/DIS11.Klein2.pdf

< Ir PR
o8k Excluded at 95% C.L. : Excluded at 95% C.L.
e ep—>v H + X, E.=140 GeV T e'p— v Hq +X, E_=140 GeV
0] CP even coupling 04 \ CP odd coupling
0.2 \ 0.2
of of
0.2} 0.2 ____,
-0.4 ' -0.4 ‘
06 08}
08} Excluded at 95% C.L. 08f Excluded at 95% C.L.
17675 B0 25 80 35 40 45 50 B~ 50 15 50 25 80 35 40 45 50
Integrated Luminosity [fb™] Integrated Luminosity [fb™]
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Considering high luminosity scenarios (contribution to IPAC13)
Aim: to turn the LHeC into a Higgs factory

Observe Higgs in decays not accessible by the LHC
Number of events for 1000 fb-!

M.Klein 10 years of operation
LHeC Higgs CC (e p) | NC (e7p) | CC (eTp)
Polarisation -0.8 0 0
Luminosity [ab™!] 1 1 0.1
Cross Section [fb] 196 20 58
Acceptance 0.92 0.93 0.94
Decay Channel Nece p| Nyvcep| Nogetp
H —bb 97 500 12 000 3500
H — ce 5 900 600 180
H — gg 16 200 1 600 480
H—-WW 25 200 2 600 760
H— ZZ 2 880 1900 560
H— 711~ 10 260 1 000 310
H — vy 360 40 12 | 4,




Structure of HVV couplings
and jet Kinematics in VBF

C.Englert, D.Goncalves-Netto K.Mawatari and T.Plehn JHEP 1301 (2013) 148

A. Djouadi, R.Godbole, B.M. and K.Mohan, arXiv:1301.4965

New physics in the HVV coupling strongly distort the “VBF” jet kinematics.
This also strongly affects the acceptance of the VBF signal
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Similar studies are ongoing to assess this effect in ep collisions
21



Outiook and Conclusions

A Higgs boson with a mass ~125 GeV has been
discovered and evidence for VBF mechanism given

ULHeC displays strong complementarities with the
LHC with regards to Higgs physics

dForward jet tagging secures the feasibility of the
Higgs search in CC and NC in ep collisions

UVBF signature established at the LHC

dWith the isolation of the H—bb signal at the LHeC a
window of opportunity opens for the exploration of
the CP properties of the HWW and HZZ vertexes

dThe LHeC offers a number of advantages
(USeparation of HWW and HZZ couplings
UExcellent signal to background ratio
Possibility of tagging H->cc decay

L Exploring high lumi scenarios -> Higgs factory 22



Extra Slides
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q4 P

Higgs via VBF o

Qualitative remarks

Qs q,
oife=FX)= / dzdprPy/s(2.p7)0(Va = X)  Qunlike QCD
pT (2y _ Gy tovl+(l-2) p2 partons that scale
v/s(@pr) = T2 . S22 like 1/P+2, here
- (7 + (1 —z)My;) P_~ (1 M
gy l-z  (1-x)MF ~sqrt(1-x)M,,

Pé’/f(;l’..,p%) =

4m? T (ph+(1-— ;l?)i‘\[‘Q/)Q.
dDue to the 1/x behavior of the Weak boson the
outgoing parton energy (1-x)E is large — forward jets

JAt high P P‘:f/f ~ l/p% and P‘];‘/f >~ 1/])%“-

JContribution from longitudinally polarized Weak
bosons is suppressed (Higgs couples to

longitudinally polarized WB) 24



Low mass SM Higgs + 2jets

0 Wisconsin Pheno (D.Zeppenfeld, D.Rainwater, et al.) proposed

to search for a Low Mass Higgs in association with two jets
with jet veto

U Central jet veto initially suggested in V.Barger, K.Cheung and T.Han
in PRD 42 3052 (1990)

q1 ds Jet Tagging Jets

wiz &= |
% a, Jet O @)
¢
My "Ny, <0 o
An,, >3.5+4 O
M,, > 500+700GeV /
C.]J.V. / T]

Central Jet Veto Higgs Decay Products

25



Signal Efficiency for Different E_

dFirst row: Cumulative efficiency
(1Second row: Efficiency w.r.t. previous cut

Cut|[E. = 50| E. = 100 E. = 140[E. = 200
a || 0.129 | 0.157 | 0.166 | 0.171
b |[ 0.109 | 0.127 | 0.132 | 0.136

0.84 0.81 0.80 0.80
c [ 0.076 | 0.090 | 0.093 | 0.095
0.70 0.71 0.70 0.70
d [[ 0.050 | 0.067 | 0.073 | 0.078
0.66 0.75 0.79 0.82




Charge Current Analysis (resuits)

Effect of Jet Energy Resolution

CC Photo-prod.
Cuts Higes|| tb bbj | jjj bbj tt ||S/B

Generator level || 167 || 3800 | 810 {26000 [{48000| 250 .

a 27.95 (| 152.70(86.25| 3.77 || 6.92 | 2.29 {]0.11
b 22.331] 20.35 | 2.37 | 0.36 || 0.67 | 0.27 || 0.93
C 15.64 (| 8.10 | 1.36 | 0.12 || 0.25 | 0.14 || 1.57
d 12.37|| 1.46 | 0.92 | 0.06 || 0.14 | 0.04 ||4.73
o) @7
- = 38 a=07 8=0.05
E VE
CC Photo-prod.

Cuts || Higgs th bbj | jjj || bbj | tt || S/B
a 27.87 || 153.33 | 85.46 | 3.75 || 33.96 | 2.28 || 0.10
b 18.55 20.04 351 [ 036 || 470 | 0.27 || 0.64
C 13.03 7.93 224 | 0.12 1.91 | 0.14 || 1.06
d 10.27 1.57 1.64 | 0.06 1.31 | 0.03 || 2.23




Charge Current Analysis (resuits)

Effect of Range of b-tagging

CC Photo-prod. _
Cuts Higgs|| tb bbs | 777 bbj tt ||S/B|| &
Generator level || 167 || 3800 | 810 {26000 [{48000| 250 . .E
a 27.9511152.70(86.25| 3.77 || 6.92 | 2.29 {|0.11 E
b 22.33 |1 20.35 | 2.37 | 0.36 || 0.67 | 0.27 ||0.93 2
C 15.64 (] 810 | 1.36 | 0.12 || 0.25 | 0.14 |[1.57
d 12.371( 1.46 | 0.92 | 0.06 || 0.14 | 0.04 |[4.73
| < 2.5 — || <3
CC Photo-prod.
Cuts || Higgs th bbj | jjj || bbj | tt | S/B
a 30.23 || 174.51 | 9451 | 4.15 || 7.03 | 2.74 || O.11
b 24.41 2274 | 2.68 | 0.39 || 0.67 | 0.32 || 0.91
C 17.08 9.51 1.57 | 0.13 || 0.25 | 0.18 || 1.47
d 13.15 1.65 1.01 | 0.05 || 0.14 | 0.04 || 4.55




Charge Current Analysis (resuits)

Effect of Jet P,

CC Photo-prod. —
Cuts Higgs[| tb | bbj | jji || bbj | t& ||S/B g
Generator level || 167 || 3800 | 810 [26000 {|48000| 250 - nm—
a 27.9511152.70(86.25| 3.77 || 6.92 | 2.29 {|0.11 g
b 22.33 (] 20.35 | 2.37 | 0.36 || 0.67 | 0.27 [10.93 -

C 15.64|| 810 [1.36 | 0.12 || 0.25 | 0.14 || 1.57

d 12.371| 1.46 | 0.92 | 0.06 || 0.14 | 0.04 ||4.73

PTj,b > 30GeV — PTj,b > 20GeV
CC Photo-prod.

Cuts || Higgs th bbj | jjj || bbj | tt | S/B
a 3348 || 208.46 | 13497 | 5.85 || 8.12 | 2.62 || 0.09
b 26.52 || 24.90 291 | 047 | 0.88 | 0.30 || 0.90
c 21.47 10.16 1.79 |1 0.26 || 0.42 | 0.16 | 1.68
d 16.24 1.71 1.18 | 0.10 || 0.32 | 0.04 | 4.84




Signal Efficiency for Different E_

dFirst row: Cumulative efficiency
(1Second row: Efficiency w.r.t. previous cut

Cut|[E. = 50| E. = 100 E. = 140[E. = 200
a || 0.129 | 0.157 | 0.166 | 0.171
b |[ 0.109 | 0.127 | 0.132 | 0.136

0.84 0.81 0.80 0.80
c [ 0.076 | 0.090 | 0.093 | 0.095
0.70 0.71 0.70 0.70
d [[ 0.050 | 0.067 | 0.073 | 0.078
0.66 0.75 0.79 0.82




L | I L I | B | I | L L I T 1

Illllllllllllllll|]|

% 0.251 —e— Data 2012 (sidebands) -
> - —— H-yy vy -
2 02r vi+iy+i -
s : :
N B -
5 0.19F N ATLAS Preliminary ~
cg) - \s=8TeV, ILdt = 20.7 fo’ _
c 01__ —
o - :
5 0.05( =
> i — _
B oo iy R
o 0 M=+ e =

) 1.2 - 4 .
N I A S i e o ey i
D ' L1 l 1 Ll 1 | I — | l 1 Ll 1 Ll 1 1 1 | — l j — 1 1 1 Ll l 1 1 1 1 1 1 l-

-1 -08 -06 -04 -0.2
BDT includes forward jet tagging

0O 02 04 06 08 1

BDT Response



1/o do/dy

------- —_— SM=1
----- SM=1, »."=0.1
0.2F A B SM=1, 2.'=0.1i

AAAAAA

— SM=1
e SM=1, A=1
o2f | hee - SM=1, A=i

1/o do/dy
o
N

o

-

Q0
T

o

-y

(o))
T

015

o

-

FeN
Y

[IPTRP PP
o
-
N
T

0.05 :
—

..... -
0 L i I A A A I LJoLJC 0 A I A i I A A A

0 1 2 3 4 5 6 7 8 9, 10 0 1 2 3 4 5 6 7 8 9 1
Ay”, AY,



Effect of PDF uncertainties and pdf choice

0.13 T T T T T T 0.6 - : r T T T
0.12 SM only e 0.55 - SM only :
d G ollk SM + CP-even a 1 d o) SM + CP-even
—_— SM + CP-odd - — 057 ]
SM + CP-odd
0.1 §
dAg., G dAd, 451 ]
0.09 A
0.08 2| 04 r ]
0.07 - 0o, | 7 |
0.06 ) 2T |
0.05 [~ . 0.25 freeemem” :
0.04 5 02 F 7
003 : . l I . l O |5 | | | | | |
9 05 1 15 2 25 3 35 0 05 1 5 T 2% 3 a=m
A9, AQ,,
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CL, (J"=2%

1 04 1 | | l | | | I | | | | | | 1 ?
\ ATLAS Preliminary i1 First preliminary combinations
10°F | o g 3 of CP-studies by CMS and
=7 TeViLot =461 1 ATLAS available. Consistent
10° (s =8 TeViLdt =207 fo’ ¢ Data 3§ picture: compatibility of data
1ok Hom CL,expected ] with pure SM 0* hypothesis
(s=8Tevjldt=207 15 ® (assuming =043 and incompatibility with other
: ?—> WW*— evuv/uvev 1 spin-CP hypotheses explored
s=8TeV{Ldt=20.7 fb’ 3
-0 _:
-1 CMSpreliminary Ys=7TeV. L=51m Yys=8TeV,L=1961M"'
10 zg z‘ YYYYTY """"""" :-"‘i".YYYTTYYY!
ianimigim - RO _7] @ 0.1 ﬁO
102 i, - 3 ’ 12,(99)
_— e~ 3 2 A — CMS data
- ~_ s = 0.08 /4
3
o
a 0.06

0.04

%0 20 -10 0O 10 20 30
2xIn(L_, /L)

2,,(99)
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Tests performed so far indicate compatibility
with the SM Higgs boson hypothesis

ATLAS Preliminary

\s =7 TeV, |Ldt = 4.6-4.8 b

B+t +2 \s = 8 TeV, [Ldt = 13-20.7 fb”
% I | T T 1 ’ T T 1 H 1T T | 1T T
V : : :
K¢
}\'FV
K

m, = 125.5 GeV

-

0

1

2

parameter value

Is=7TeV,L<51Mb" ys=8TeV,L<19.6fb"

CMS Preliminary - 68% CL
' w=95% CL
Ky e
+.
K : p,,, = 0.37
A'WZ : pSM = 041
N -
.* o
du ' pSM =0.39 ‘é
)‘I ‘ - "
q ' (Y R 0.49 O
Kg -*.E.
K L]
Y el -
' p§M =0.23
BR = 0.41
BSMT—_ P -
A LAl A l A A L ) l Ll L L l ) ls"l‘ 1 Ll

0

0.5 1 1.5 2 2.5
parameter value
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Effect of background normalization on

1 < 1
osk Excluded at 95% C.L. osk Excluded at 95% C.L.
[ Nominal Background [ Nominal Background
0.6 Background x 2 06 Background x 2
0.4 een. CP odd coupling 0.4b ., CP evn coupling
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