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4.3.2016				-	work	in	progress					Study	value	of	dedicated	operaVon	O(1035	cm-2	s-1),	also	eA	



Gluons	and	Quarks	1989	à	2015	

	arXiv:1506.06042	
“Legacy”	paper	NC/CC	
HERAPDF2.0	NNLO	

BCDMS	

C.Gwenlan+M.Klein,	ATLAS,	Lecce	6.10.15	

CDHS	

ggàH	
(y=0)	 High	mass	
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fixed	target	lN	to	ep	collider	à	



Parton-Parton	“LuminosiVes”	

C.Gwenlan+M.Klein,	ATLAS,	Lecce	6.10.15	
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A	remark	on	gluon	saturaVon	
xg	is		defined	via	theory,	not	directly	observable:	HERA	has	discovered	rise	towards	low	x	
	
Non-linear	gg	interacVons	are	expected/predicted	to	exist	(BFKL	and	GLR)	
	
The	only	reliable	measurement	of	xg	at	HERA	at	x	<0.1	came	from	dF2/dlnQ2	
	
It	shows	a	huge	variaVon	(in	DGLAP)	of	xg(x,Q2)	also	with	Q2:	
In	parVcular	xg	is	valence	like	at	Q2	~	1	GeV2	à	~ZERO	at	small	x	
	
There	thus	are	two	reasons	to	require	Q2	>~	10	GeV2	in	the	search	for	saturaVon:	
-  The	gluon	density	has	to	be	large	
-  The	strong	coupling	has	to	be	small	(<<1)	for	npQCD	effects	to	not	interfere	
	
Searches	for	gluon	saturaVon	require	energies	in	excess	of	those	at	HERA,	not	smaller	
	
The	in	my	view	only	hope	to	see	that	is	to	confront	F2	(ep)	with	FL	(ep)	data.	
	
The	direct	extracVons	of	xg	in	ep	and	eA	THEN	could	reveal	an	amplificaVon	in	eA..				



FluctuaVons	of	the	Gluon	Field	-	Instantons	?	

NEW:		
H1:	DESY	16-150	
March16	
O(3)pb	xsecVon	limits	



Odderon	

Three	gluon	state	of	parity	C=-1.	A	small	modificaVon	to	Pomeron	exchange/rapidity	gaps..	

C.Ewerz	
hep-ph/0306137	

H1	
arXiv:0206073	



Gluon	at	High	x	and	Universality.?	

HERA	and	ABM	gluons	are	much	steeper	at	large	x	than	those	of	MMHT,CT,NNPDF	
à Can	we	trust	factorisaVon,	how	do	we	test	it	
Gluon	at	large	x	become	very	small	and	are	hugely	uncertain.	But	MX

2=sx1x2	..	

C.Gwenlan	
V.Radescu	



PDF	sets	and	their	assumpVons	
V.Radescu	10/15	



				Gluon	at	High	x	?	

Gluon	prior	to	LHC	data	(2011)	 Gluon	with	(first)	LHC	data	(2015)	
												used	by	CT14,NNPDF,MMHT	

Related	to	quark	distribuVons,		low	x,		αs	,		heavy	flavour	treatment,	to	resummaVon	

A	QCD	problem	by	itself	and	a	key	quesVon	for	searches	as	luminosity	increases	…	

C.Gwenlan+M.Klein,	ATLAS,	Lecce	6.10.15	



Understanding	the	High	x	=	Large	Mass	region	

Christoph	Borschensky	
Michael	Kramer	

Non	resonant	and	smeared	resonance	searches	at		
large	masses	require	extra	ep	informaVon	at	high	x	



	Large	Bjorken	x	

CC	at	HERA	reached	at	best	x=0.5.		
The	luminosity	was	3	1031	while	>	1033	
is	required	as	xq	~	(1-x)k	for	x	à	1	
Fixed	target	DIS	data	suffer	from	
TMC,	HT,	nuclear	correcVons	and	
inconsistencies			
à  There	is	no	reliable	base	for	

predic@ons	at	large	x	

C.Gwenlan+M.Klein,	ATLAS,	Lecce	6.10.15	

Final	HERA	data	on	charged	currents	



Understanding	the	High	x	=	Large	Mass	region	



Valence	quarks	
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C.Gwenlan+M.Klein,	ATLAS,	Lecce	6.10.15	

Related	to	DY	,	W	mass	etc	
Recall	xqv	~	(1-x)3	
d/u	à	1	a	classic	quesVon	



Remarks	on	Precision	Higgs	Physics	in	ep	
The	Higgs	is	produced	in	ep	predominantly	via	WWà	H	in	epà	nuHX	
	
The	cross	secVon	at	the	LHeC	is	~	200x,	i.e.	very	similar	to	that	of	Z*àZH	in	ee	
	
With	1ab-1	integrated	luminosity	from	10^34	one	reaches	1%	precision	on	bb	
and	7%	on	cc	and	corresponding	numbers	on	other	channels	sVll	to	be	studied.	
These	LHeC	numbers	will	be	be.er	at	HE-LHC	and	FCC-eh	(1%à0.4%à0.3%	for	bb)	
	
At	the	FCC-eh	the	cross	secVon	is	almost	1pb.	Therefore,	staVsVcally,	FCC-ee,	with	
4	10^34	luminosity	at	ZH	and	FCC-eh	with	10^34	luminosity	are	about	comparable,	
subject	also	to	the	running	Vmes:	ee	at	ZH	plans	3	years,	ep	with	pp	plans	O(10).	
	
Both	ee	and	ep	thus	provide	high	precision	measurements	on	Higgs,	much		
complementary	wrt	each	other	AND	to	pp:	for	example	
-  ee	uses	mostly	Zà	ZH,	eh	uses	mostly	WWà	H		
-  ee	provides	measurement	of	the	Higgs	boson	width	(to	be	studied	in	ZZà	H	at	ep)	
-  ep	provides		N^3LO	PDFs	as	are	crucial	for	understanding	the	ggàH	producVon	
					it	also	provides	predicVon	of	Higgs	mass	with	100	MeV	error	(cf	top	mass	and	
					cross	secVon	physics)	
	
Specifically:	LHeC	and	HL-LHC	are	an	exciVng	couple	for	precision	Higgs	physics	at	LHC				



MeeVng	with	Eckhard	Elsen	

S.Forte	ECFA	9/15	



Invisible	Higgs@LHeC	
relaVng	the	Higgs	and	the	‘dark’	sectors	

HL-LHC	@	3	ab-1		[arXiv:1411.	7699]	
																													<	3.5%	@90%	C.L.,	MVA	based	
For	LHeC,	assume	:	1ab-1,	Pe=-0.9,	cut	based	
																													<	6%	@	2σ	level	

	

Y.-L.	Tang	et	al.,	
arXiV:	1508.01095	
à	Talk	by	C.	Zhang		

e	 e	

p	 jet	

è potenVal	much	enhanced	for	
FCC-eh	@	3.5	TeV	and	HE-
LHC-eh	

Colours:		
expected	staVsVcal	significance	

κZ	:		BSM		
w.r.t.		
SM	HZZ	
coupling	

Uta	Klein,	FCC-eh	 17	

FCNC	Top	and	Higgs	
couplings	:		
H.	Sun	[arXiv:1602.04670]	
New	study	for	HE-LHC		
14	TeV		p	x	150	GeV	e	
	
BR(tà	qh)	<	0.23%			
@	95%	C.L.	and	100	x-1	



precise measurement of couplings between SM bosons and fermions sensitive test of new physics (search 
for deviations) : top quark expected to be most sensitive to BSM physics, due to large mass

C.	Gwenlan,	PDFs,	QCD	and	BSM	at	the	LHeC	 18	

top quark electroweak interactions 

- Christian Schwanenberger -Top Quark Physics DIS 2015

Top Quark EWK Interactions 

1

• high precision measurement of Vtb and 
search for anomalous Wtb couplings

• measurement of top isospin and 
search for anomalous ttZ couplings 
(e.g. EDM, MDM)

• direct measurement of top quark 
charge and search for anomalous ttγ 
couplings (e.g EDM, MDM)

! important studies of top couplings with EWK gauge bosons 

• sensitive search for FCNC couplings will 
constrain BSM models that predict FCNC 
(e.g. SUSY, little Higgs, technicolor)

_

_
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•  high precision measurements of Vtb and 
search for anomalous Wtb couplings

•  direct measurement of top quark charge and 
search for anomalous ttbarγ couplings (eg. 
EDM, MDM)

•  measurement of top isospin and search for 
anomalous ttbarZ couplings (eg. EDM, 
MDM)

•  sensitive search for FCNC couplings will 
constrain BSM models that predict FCNC 
(eg. SUSY, little Higgs, technicolour)



IniVal	ep	Top	Results		

Vtb:	High	precision:	1306.1688	
	LHeC:	10x	lumi,	FCC-ep	to	be	added	
LHC	and	FCC	possibiliVes	to	be	considered	

Vtb	

FCNC	

Anomalous	Wtb	Coupling		

Top	PDF	(CDR	LHeC	and	1503.01590)	
Mass	of	top?		To	study		
Note	Mass	of	Charm	(b)	to	3	(~10)	MeV		



	Remarks	on	Lepto-Quarks	

LQs	are	produced	in	s	channel	eq	fusion	
	
DIS	is	ideal	for	LQ	spectroscopy		
	
The	huge	energy	in	pp	implies	that	
LQs	are	more	likely	discovered	in	pp:	
	
LHC	limits	are	near	sqrt(s)	of	LHeC	
	
FCC-ep	when	operaVng	in	parallel	with	
FCC-pp	has	strong	discovery	potenVal	
up	to	its	maximum	energy	of	3.5	TeV	
	
à The	choice	of	Ee	is	much	dictated	by	
new	physics	(also	Higgs	and	top	and	low	x)				

Buchmueller	Rueckl	Wyler	ClassificaVon	



Vtle	



Vtle	



à Cost	strongly	rising	with	tunnel	circumference.	Presently	sVck	to	LHeC	default.	
à Maximise	independence	of	ring	installaVon,	design	for	synchronous	ep	and	pp	OP	

Choice	of	Baseline	ConfiguraVon	=	f(cost,Ee,s)	



Energy	FronVer	DIS	
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Vtle	

Oliver	Fischer		Rome	Talk	on	Sterile	Neutrinos	



Right	Handed	Currents	and	Heavy	Neutrinos	

Tomasz	Jelinsky	Rom	Talk	



Heavy	Neutrino	Search	at	FCC	(ee,hh,eh)	
Oliver	Fischer	
Rome	Talk	
Sterile	Neutrinos	



Vtle	
Kinema@c	Range	of	Acceptance	of	a	750	GeV	Par@cle	coupling	to	yy	(and	ZZ?)	



Acceptance	of	a	750	GeV	Ghost	S	

ß 179o	
@	180	GeV	
..	very	low	x	
requires	not	
the	maximum	
of	Ee	

-----------	

For	x	<	10-3	no	(average)	energy	deposiVon	exceeding	the	electron	beam	energy	

x	

HERA	

LHeC	

FCC-he	
60	GeV	

ß	y	>0.047	
(=0.33	LHeC)	S	

σ(γγà	S)=?		



The	750	GeV	Ghost	in	ep	

X-sect = 6.113E-06(pb)   AVG = 3.039E+00   RMS = 9.623E-01
Tot # Evts =   10000  Entries =    9996  Undersc =     4  Over

forward jet 

X-sect = 3.561E-04(pb)   AVG = 3.874E+00   RMS = 1.147E+00
Tot # Evts =   10000  Entries =    9993  Undersc =     7  Over

1
o 

IniVal	simulaVons	of	the	750	GeV	signal	and	backgrounds	(G.Azuelos)		
	
Couplings,	Cross	SecVon,	ConfirmaVon	–	three	big	unknowns	…	

LHeC	 FCC-ep	



Some	Remarks	
The	ep	configuraVon	has	much	to	offer	by	itself	and	in	complementarity	
to	ee	and	pp.	For	the	FCC-eh,	more	studies	are	under	way	and	need	to	be		
pursued.		
	
The	LHeC	Study	has	been	the	base	for	FCC-eh	also,	and	Vme	and	energy	order	
need	to	be	imposed	by	us	in	order	to	have	clearer	what	can	be	gained	where.	
This	will	also	need	to	include	the	HE-LHC	configuraVon	which	looks	good	to	eh.	
	
Basically:	high	x	may	be	done	by	LHeC,	but	low	x	and	high	masses	(equivalent)	
require	FCC-ep	
			
Areas	of	further	study:	top,	Higgs,	BSM	
	
Areas	of	renewed	study:	low	x,	PDFs	
	
Areas	of	new	direcVons:	Heavy	neutrinos,	BSM	Higgs,	750	(if)		
	
Much	effort	has	been	put	in	the	detector	so�ware	and	design	which	needs	
to	be	coupled	closer	to	the	physics	analyses..			
	
Lots	to	be	done	for	CDR	on	LHeC		(1034)	and	FCC,		
while	eh	physics	remains	fascinaVng	to	some	of	us	and	useful	to	everybody	

If	you	want	to	join,	please	do	so	


